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History

The term scleroderma, from the Greek words ‘scleros’ and 

‘derma’, means thickened, hardened skin. Scleroderma can 

be seen in a heterogeneous group of conditions, which will 

be described under the heading ‘Differential diagnosis’ 

below. The first convincing report was in 1753 by Carlo 

Curzio, who described a 17-year-old patient as having 

“extensive tension and hardness of skin all over her body”. 

Curzio managed the case with bloodletting, warm milk and 

“small doses of quicksilver” (Rodnan and Benedek, 1962). 

In the mid 19th century, scleroderma was established as a 

clinical entity and given its current name (Barnett, 1996).

Epidemiology

It is estimated that new cases of scleroderma occur at a rate 

of approximately 7–20 per million of the general population 

per year (Medsger, 1994; Vonk et al, 2009). The prevalence 

and severity of scleroderma also vary among different racial 

and ethnic groups.

The incidence of scleroderma is higher in females than 

in males (3:1), with the difference being greater in younger 

age groups (7:1) and less in patients over 50 years of age 

(2:1) (Silman, 1997). The average age of onset of disease is 

approximately 50 years.

Several reports suggest geographical clustering of cases 

of scleroderma. In some cases, environmental aetiologies 

are proposed, but definitive proof is lacking (Maricq, 1990; 

Dospinescu et al, 2013).

Twin studies are negative, and familial aggregation 

seldom occurs (Cook et al, 1993; Arora-Singh et al, 2010). 

This suggests that the genetic influence is probably complex 

and involves multiple genetic susceptibilities.

Pathophysiology
Systemic sclerosis (SSc) is a rare connective tissue disease 

with abnormalities in vascular, immunological and fibrotic 

pathways. Vasculopathy consists of fibrointimal prolifera-

tion of small vessels and vasospastic episodes triggered by 

cold or stress, which can lead to tissue ischaemia. Fibrosis 

can result in internal organ dysfunction. Autoimmune 
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dysregulation includes lymphocyte activation that causes 

autoantibody production, aberrant cytokine and chemo-

kine release, and dysregulation of the innate immune 

system (Katsumoto et al, 2011).

The systemic manifestations are diverse and heterogeneous. 

Usually the disease begins with Raynaud’s phenomenon. 

In patients belonging to the limited cutaneous SSc subset, 

Raynaud’s phenomenon typically precedes the onset of 

other symptoms by several years, while in the majority of 

patients with diffuse disease, the onset of scleroderma takes 

place soon after the first episode of Raynaud’s phenomenon. 

In many cases, the unique clinical subset is associated with 

specific antibodies. For example, the presence of antibody to 

topoisomerase I is associated with diffuse cutaneous sclero-

derma and severe interstitial lung disease (ILD).

The differential diagnosis of scleroderma is presented in 

box 1.

In addition, patients may have overlapping features, 

where scleroderma is coupled with other autoimmune 

diseases such as polymyositis, Sjögren’s syndrome, auto-

immune thyroid disease and less frequently systemic 

lupus erythematosus or rheumatoid arthritis (Wigley and 

Hummers, 2003).

Classification and diagnosis
Classification criteria have been designed to select patients 

who will be included in a clinical trial and, therefore, their 

greater certainty and consistency seek to obtain stable and 

comparable populations from one study to another. The 

diagnostic criteria, on the other hand, are those that estab-

lish a diagnosis in individual patients and can be used in 

daily clinical practice.

The recognition of the presence of SSc early in the 

disease process is of paramount importance, as severe organ 

involvement affecting the skin, kidneys, heart, lungs and 

gastrointestinal tract most often occurs early in the course 

of the disease (<3 years after disease onset) in diffuse SSc 

(Steen and Medsger, 2000). Patients with early disease are 

also more likely to respond to targeted therapies, and with 

the help of screening for preclinical internal organ involve-

ment, irreversible organ damage may be prevented.

Therefore, early recognition of SSc is equally important 

for the diagnosis in clinical practice as well as for classifica-

tion criteria used to include patients in clinical studies.

Ideally, diagnosis of the disease should be established 

before the disease has already evolved to a proliferative 

Box 1 Differential diagnosis of scleroderma.

Disorders characterised by similar presentation
•  Systemic lupus erythematosus
•  Rheumatoid arthritis
•  Inflammatory myopathy

Disorders characterised by similar visceral fea-
tures
•  Primary pulmonary hypertension
•  Primary biliary cirrhosis
•  Idiopathic intestinal hypomobility
•  Collagenous colitis
•  Idiopathic interstitial pulmonary fibrosis

Disorders characterised by skin thickening
Affecting the fingers
•  Diabetic digital sclerosis
•  Vinyl chloride disease
•  Vibration syndrome
•  Bleomycin-induced scleroderma
•  Chronic reflex sympathetic dystrophy
•  Amyloidosis
•  Scleromyxoedema

Sparing the fingers
•  Scleroedema adultorum Buschke
•  Eosinophilic fasciitis
•  Eosinophilia-myalgia syndrome
•  Generalised morphoea
•  Amyloidosis
•  Carcinoid syndrome
•  Pentazocine-induced scleroderma

Adapted from Katsumoto et al, 2011.

Figure 1 The Very Early Disease Onset of Systemic Sclerosis (VE-

DOSS) diagnostic criteria. ACA, anti-centromere antibody; ANA, 

antinuclear antibody; anti-TOPO-1, anti-topoisomerase 1; SSc, sys-

temic sclerosis.
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vasculopathy associated with systemic fibrosis and signifi-

cant organ damage.

Diagnostic criteria
Attempts have been made to establish diagnostic criteria in 

SSc (Hudson et al, 2010; Avouac et al, 2011).

The EULAR (European League Against Rheuma-

tism) Scleroderma Trials and Research Group (EUSTAR) 

has performed a multicentre web-based Delphi exercise 

with the involvement of a large number of scleroderma 

experts. As result, a two-step approach for the Very Early 

Disease Onset of Systemic Sclerosis (VEDOSS) diagnostic 

criteria has been proposed. In the first step, the presence 

of Raynaud’s phenomenon, puffy fingers and antinuclear 

antibody (ANA) positivity were identified as the three key 

features (‘red flags’) that should raise suspicion of very early 

SSc and guide the general practitioner to send the patient to 

the referral centre, where capillaroscopy and specific auto-

antibodies can be ordered (figure 1).

The classic progression of the skin involvement is, 

initially, a swollen ‘oedematous’ phase in which there is 

interstitial oedema without pitting. The skin is shiny and 

swollen, but without pitting oedema, and in fingers this 

early phase is called ‘puffy fingers’ or scleroedema of the 

fingers (figure 2). This tends to progress over months to 

years to a hard and definitely thickened skin and later to an 

atrophic thin and vulnerable skin.

In the second step, SSc pattern on nailfold capillaros-

copy and/or the presence of some specific SSc antibodies 

(anti-centromere antibody (ACA) or anti-DNA-topoisom-

erase I (TOPO-I)) were considered to be necessary for the 

diagnosis of very early SSc (Avouac et al, 2011).

Nailfold videocapillaroscopy is a tool that enables us 

to distinguish between primary and secondary Raynaud’s 

phenomenon by identifying some distinct morphologic 

patterns highly characteristic for SSc: dilated (‘giant’) capil-

laries, microhaemorrhages, avascular zones and ‘bushy’ 

capillaries, the latter considered as signs of neoangiogen-

esis. Based on the prevalence of these changes during the 

examination of eight fingers (with the thumbs excluded), 

three different scleroderma patterns of microvascular 

damage were identified, named as ‘early’, ‘active’, and ‘late’ 

SSc patterns (Cutolo et al, 2000) (figure 3).

Data from a single centre study show that, similar 

to patients with established SSc, patients fulfilling the 

VEDOSS criteria already present biological signs of endo-

thelial dysfunction. VEDOSS sera significantly blocked the 

proliferation of human dermal microvascular endothelial 

cells and led to an impaired wound healing to the same 

extent as the sera collected from established SSc patients. 

Furthermore, both VEDOSS and established SSc sera also 

impaired the angiogenic potential of the microvascular 

system (Chora et al, 2017).

Data from the same centre also indicated that patients 

fulfilling the VEDOSS criteria may already have digital 

ulcers, absent or decreased oesophageal peristalsis and 

anorectal disorders (Bruni et al, 2015; Lepri et al, 2015). The 

validation of the VEDOSS diagnostic criteria is ongoing in 

a prospective international multicentre study in a patient 

cohort with Raynaud’s phenomenon not fulfilling the 1980 

Preliminary American College of Rheumatology (ACR, 

formerly ARA) classification criteria (Masi et al, 1980; 

Minier et al, 2013).

Classification criteria
Previously, the most frequently used and most accepted 

classification criteria were the 1980 Preliminary ACR 

classification criteria (Masi et al, 1980). Based on these 

criteria, the patient could be classified as having SSc if the 

patient fulfilled the single major criterion (proximal sclero-

derma defined as tightening, thickening, and non-pitting 

induration proximal to the metacarpophalangeal or meta-

tarsophalangeal joints) or the patient presented two or more 

minor criteria: (1) sclerodactyly; (2) digital pitting scars of 

the fingertips or loss of the substance of the distal pad; (3) 

bilateral basilar pulmonary fibrosis.

Recently, a joint ACR/ EULAR task force developed new 

classification criteria for SSc (table 1) (Van den Hoogen et al, 

2013). These classification criteria are superior and demon-

strate greater sensitivity and specificity (0.91 and 0.92) than 

Figure 2 Puffy fingers in systemic sclerosis.
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the older 1980 Preliminary ACR classification (0.75 and 

0.72). They include the three hallmark disease manifes-

tations of SSc: fibrosis of the skin and/or internal organs, 

production of certain autoantibodies, and vasculopathy. 

The four items of the 1980 ARA classification criteria—

except for the loss of the substance of the distal pad—are 

also included, as well as the items in the 2001 proposal for 

the classification of SSc by Leroy and Medsger (Raynaud’s 

phenomenon, autoantibodies, nailfold capillaroscopy and 

skin fibrosis) (Leroy and Medsger, 2001). The ACR/EULAR 

classification criteria include one sufficient criterion: 

skin thickening of the fingers extending proximal to the 

Table 1 The ACR/EULAR criteria for the classification of systemic sclerosis.

1. These criteria are applicable to any patient considered for inclusion in an SSc study.
2. These criteria are not applicable to:
   a)  Patients having an SSc-like disorder better explaining their manifestations, such as nephrogenic sclerosing fibrosis, 

generalised morphoea, eosinophilic fasciitis, scleroedema diabeticorum, scleromyxoedema, erythromyalgia, 
porphyria, lichen sclerosis, graft versus host disease or diabetic cheiropathy.

   b) Patients with skin thickening sparing the fingers are also not classified as having SSc.

Items Sub-items Weight/score

Skin thickening of the fingers of both hands extending 
proximal to the MCP joints
(sufficient criterion)

9

Skin thickening of the fingers*
(only count the highest score)

Puffy fingers
Sclerodactyly of the fingers (distal to the 
MCPs but proximal to the PIPs)

2
4

Fingertip lesions*
(only count the highest score)

Digital tip ulcers
Fingertip pitting scars

2
3

Telangiectasia 2

Abnormal nailfold capillaries 2

Pulmonary arterial hypertension and/or interstitial lung 
disease†

PAH
ILD

2

Raynaud’s phenomenon 3

Scleroderma-related antibodies‡
(any of anti-centromere, anti-DNA-topoisomerase I (anti-
Scl-70) anti-RNA polymerase III)

Anti-centromere
Anti-topoisomerase I
Anti-RNA polymerase III

3

Total score*:

Patients having a total score of 9 or more are classified as having definite systemic sclerosis.
*Add the maximum weight (score) in each category to calculate the total score.
†Maximum score is 2.
‡Maximum score is 3.
ACR/EULAR, American College of Rheumatology/European League against Rheumatism; ILD, interstitial lung disease; MCP, 
metacarpophalangeal joint; PAH, pulmonary arterial hypertension; PIP, proximal interphalangeal joint; SSc, systemic sclerosis.

Figure 3 Nailfold videocapillaroscopic patterns specific for systemic sclerosis.
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metacarpophalangeal joints. If the sufficient criterion is not 

fulfilled, then the point system is applied and patients with 

nine points or more are also classified as having SSc. These 

criteria are not applicable to patients who have an SSc-like 

disorder that better explains their manifestations, such as 

nephrogenic sclerosing fibrosis, generalised morphoea, 

eosinophilic fasciitis, scleroderma diabeticorum, sclero-

myxoedema, erythromelalgia, porphyria, lichen sclerosis, 

graft versus host disease, or diabetic cheiroarthropathy. 

Patients with skin thickening sparing the fingers are also 

not classified as having SSc.

Regarding the patients with mixed connective tissue 

disease (MCTD), it was decided that the ACR/EULAR 

criteria could be applied also to these patients when consid-

ering enrolment into SSc clinical trials, as an important 

number of MCTD patients have SSc-predominant clinical 

characteristics (Van den Hoogen et al, 2013).

In one Norwegian study, 10% of the nationwide Norwe-

gian MCTD cohort (n=178) fulfilled the new classification 

criteria, giving an estimated specificity of 90% toward this 

SSc-like disorder (Hoffmann-Vold et al, 2015). Thus, the 

new criteria cannot completely segregate SSc from MCTD, 

and this may raise specificity issues. Of note, there were no 

data collected on two items of the criteria in the database 

(telangiectasias and nailfold videocapillaroscopic pattern), 

therefore this 10% prevalence of SSc-like MCTD may be an 

underestimate (Pope et al, 2015).

Since the new ACR/EULAR classification criteria have 

been published, many studies were performed on the 

sensitivity of the new criteria. They also performed better in 

Norwegian, Spanish, Turkish, Chinese, Japanese and Swiss 

multicentre or single-centre patient cohorts in the identifi-

cation of early and limited cutaneous scleroderma patients.

Clinical features

General manifestations
Fatigue, malaise, arthralgias and myalgias are common 

symptoms in SSc. A study of 464 patients with SSc ques-

tioned them about the frequency and impact of 69 SSc 

symptoms. The five highest rated symptoms in terms of 

frequency were fatigue (89%), Raynaud’s phenomenon 

(86%), hand stiffness (81%), joint pain (81%) and sleep 

difficulties (76%). Less commonly reported symptoms 

were weight loss (21%) and fever (12%) (Bassel et al, 2011).

The level of fatigue in SSc is comparable to that in patients 

with rheumatoid arthritis, systemic lupus or undergoing 

active treatment for cancer (Thombs et al, 2008).

Skin involvement
Skin involvement is a nearly universal feature of SSc. The 

extent and severity of skin thickening and hardening varies 

between the different disease subsets and also between 

the patients with different autoantibody positivity. Skin 

involvement can be assessed by semiquantitative estima-

tion of skin thickness, pliability and fixation to underlying 

structures. The modified Rodnan Skin Score (mRSS) is a 

quick and reliable, validated assessment tool used to grade 

Figure 4 The modified Rodnan Skin Score (mRSS) mannequin (A) with the possible distribution of the skin thickening in the limited cuta-

neous (B) and diffuse cutaneous (C) subsets.
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the severity of these features from 0 (normal) to 3 (severe) 

in 17 different areas (Clements et al, 1995) (figure 4). The 

measurement of skin thickness with the mRSS is a valuable 

tool for assessing disease activity and severity in the diffuse 

cutaneous SSc patients and it is useful also in the follow-up 

of these patients. In early dcSSc, an increase in the mRSS is 

generally associated with new or worsening internal organ 

involvement and increased mortality (Steen and Medsger, 

2001; Shand et al, 2007).

More objective measurement methods, such as skin 

thickness assessment with a durometer, plicometer or high 

frequency ultrasound, are under investigation.

Skin involvement usually begins in the fingers, hands 

and face (figure 5). Oedematous swelling and erythema of 

the skin may precede skin induration.

Other skin manifestations include:

 • Scleroedema in the early stage.

 • Pruritus.

 • Hyperpigmentation and hypopigmentation of the skin 

(‘salt and pepper skin’) (figure 6).

 • Telangiectasia, especially on the face and the chest 

(figure 7).

 • Digital ulcers.

 • Pitting at the fingertips.

 • Subcutaneous calcinosis (figures 8 and 9).

 • Characteristic facies (masked facies, microstomia, thin 

lips, pinched appearance of the nose, vertical furrowing 

of the perioral skin).

Skin involvement is the most important criterion for the 

diagnosis of SSc according to the ACR/EULAR criteria and 

the distribution of skin lesions is currently used to classify 

SSc into limited and diffuse forms of the disease.

Limited cutaneous SSc is diagnosed when sclerosis is 

restricted to the face, neck and areas distal to the elbows 

and knees. Diffuse cutaneous SSc is diagnosed when 

Figure 5 Skin sclerosis in systemic sclerosis. (A) Severe skin sclerosis. (B) Mild skin sclerosis.

Figure 6 Hyperpigmentation and hypopigmentation on the chest (A) and hands (B).
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there is diffuse distribution of sclerotic skin affecting 

other areas in addition to those affected by limited disease 

(figure 4).

Vascular disease
SSc leads to fibrointimal proliferation of small vessels and 

vasospastic episodes. The vasospasm is referred to clinically 

as Raynaud’s phenomenon.

Raynaud’s phenomenon is defined as vasoconstriction 

of the muscular digital arteries, precapillary arterioles 

and arteriovenous shunts of the skin in response to cold, 

stress or temperature changes (Katsumoto et al, 2011) 

(figure 10). It is defined as sequential colour changes 

in the digits precipitated by cold, stress or temperature 

changes. Typically the colour changes from white (pallor) 

to blue (acrocyanosis) to red (reperfusion hyperaemia). 

When progressive structural changes develop in the small 

blood vessels, blood flow is permanently impaired, which 

leads to prolonged episodes of Raynaud’s phenomenon 

and can result in ischaemic digital ulceration or infarc-

tion, in more severe cases leading to gangrene and loss of 

finger (figures 11 and 12). Progressive structural changes 

can be seen by capillaroscopy of the nailfold capillaries 

with typical findings being giant/megacapillaries, loss 

of capillaries, bushy capillaries and ramified capillaries 

(figure 3).

Approximately 4–15% of the healthy population has 

symptoms characteristic of Raynaud’s phenomenon. In 

the majority, it is not associated with either structural 

vascular changes or ischaemic tissue damage, and there is 

no evidence of other disease (primary Raynaud’s phenom-

enon). Primary Raynaud’s phenomenon typically begins 

in the teenage years and is more common in women. In 

primary Raynaud’s phenomenon, patients are healthy 

and laboratory data are usually completely normal with 

absence of autoantibodies. Capillaroscopy is normal in 

Figure 7 Telangiectasias on the face. Patient consent: obtained.

Figure 8 Subcutaneous calcinosis on the fingers.

Figure 9 Subcutaneous calcinosis on hand X-ray (same patient). Figure 10 Raynaud’s phenomenon.
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these patients. The new international consensus criteria for 

the diagnosis of Raynaud’s phenomenon, in comparison to 

previously published reports, eliminated the requirement 

for a negative erythrocyte sedimentation rate (ESR) in case 

of primary Raynaud’s phenomenon, and the panel also 

eased the requirement for a negative ANA to negative or 

low titre ANA (eg, 1:40 by indirect immunofluorescence) 

(Maverakis et al, 2014).

Figure 12 Digital gangrene.

Figure 11 Digital ulcer.

Rheumatological diseases

 Systemic sclerosis
 Mixed connective tissue disease
 Undifferentiated connective tissue disease
 Systemic lupus erythematosus
 Dermatomyositis, polymyositis
 Rheumatoid arthritis
 Sjögren’s syndrome
 Takayasu arteritis
 Giant cell arteritis
 Primary biliary cirrhosis

Mechanical injury

 Vibration
 Frostbite

Recurrent trauma or injury to large vessels

 Crutch pressure
 Thoracic outlet syndrome

Arterial disease

 Brachiocephalic atherosclerosis
 Thromboangiitis obliterans
 Low cardiac output due to heart disease

Vasospastic disorders

 Migraine or vascular headaches
 Prinzmetal’s angina

Endocrine disorders

 Carcinoid syndrome
 Phaeochromocytoma
 Hypothyroidism
 Severe hypercholesterolaemia (eg, familial)

Malignant diseases/haematological malignancies

 Ovarian carcinoma
 Angiocentric lymphoma
 Abnormal blood elements
 Cryoglobulins
 Cryofibrinogenaemia
 Cold agglutinins
 Hyperviscosity due to paraproteinaemia
 Polycythaemia

Neurological

 Carpal tunnel syndrome

Infections

 Parvovirus B19
 Hepatitis B and hepatitis C virus

Chemicals or drugs

 Bleomycin
 Vinblastine
 Polyvinyl chloride
 β-Blockers
 Ergots
 Methysergide
 Interferon α
 Interferon β
 Tegafur

Adapted from Masi et al (1980).

Table 2 Factors associated with Raynaud’s phenomenon.

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Systemic sclerosis (diagnosis, differential diagnosis, evaluation of laboratory tests)

11

When a patient presents with Raynaud’s phenom-

enon various differential diagnoses have to be considered 

(table 2).

Although microvascular disease is one of the hall-

marks of SSc, macrovascular involvement also exists in 

some patients. In one study macrovascular involvement 

as detected by upper and/or lower limb arteriography 

was not rare in SSc patients with digital ulceration or 

gangrene; vascular occlusion proximal to the digits were 

found in four out of the eight investigated patients. Oblit-

eration of the ulnar artery and superficial palmar arch 

was most frequently detected (in three of seven patients) 

(Hasegawa et al, 2006). Furthermore, ulnar artery occlu-

sion was found by colour duplex sonography in 22% of 

79 consecutive SSc patients in another study (Frerix et al, 

2012).

During the follow-up (mean 53 months), new or recur-

rent digital ulcers developed more frequently in the upper 

extremities with initially diagnosed pulmonary artery occlu-

sion compared with those patients without this finding.

Vasculopathy in the larger vessels can also manifest as 

pulmonary arterial hypertension (PAH) or scleroderma 

renal crisis (SRC).

Extracutaneous organ involvement

Gastrointestinal involvement
Most patients present with gastrointestinal involvement, 

which is characterised by abnormal motility secondary to 

abnormal innervation, smooth muscle atrophy and tissue 

fibrosis (figure 13). All areas of the gastrointestinal tract can 

be involved.

Patients complain of reflux, dysphagia, heartburn, 

bloating, diarrhoea, constipation and faecal incontinence 

due to sphincter atrophy.

Gastro-oesophageal reflux disease is a frequent clinical 

finding in scleroderma patients and may also be present 

in asymptomatic patients. The uncontrolled reflux of the 

gastric acid from the stomach into the oesophagus may 

lead to erosive oesophagitis, oesophageal ulceration and 

stricture of the distal oesophagus, and in the worse cases 

Barrett’s oesophagus that can lead to oesophageal cancer.

Pulmonary involvement
Pulmonary involvement is seen in more than 70% of 

patients with SSc. The two principal manifestations are ILD 

(figure 14) and pulmonary vascular disease leading to PAH. 

Most patients have some degree of both conditions and any 

patient with scleroderma needs to be evaluated for both 

ILD and pulmonary hypertension.

Pulmonary involvement is the most common cause of 

SSc-related death, as demonstrated by a study using data 

from the EUSTAR database. Of the SSc-related deaths 

(55%), 35% were attributed to pulmonary fibrosis and 26% 

to PAH (Tyndall et al, 2010).

The symptoms of ILD are breathlessness on exertion and 

a non-productive cough.

Diagnostic tests include chest X-ray, lung function test 

with diffusion capacity measurement (forced vital capacity 

>80% (70%) and diffusion capacity >80% (70%) considered 

Figure 13 Gastrointestinal involvement in systemic sclerosis. Figure 14 Pulmonary interstitial lung disease in scleroderma.
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as normal values); in case of suspicion, the definite diag-

nosis is made based on the results of high resolution CT 

(HRCT) of the lungs.

Pulmonary vascular disease also presents with dyspnoea 

on exertion and diminished exercise tolerance. PAH can 

lead to cor pulmonale and right-sided heart failure. Throm-

bosis of the pulmonary vessels is a common late-stage 

complication and is a frequent cause of death. The suspicion 

of PAH is usually raised on transthoracic echocardiography 

(elevated systolic pulmonary artery pressure), but the gold 

standard examination for the diagnosis is right heart cath-

eterisation.

Renal disease
The most important clinical manifestation of scleroderma 

kidney disease is accelerated hypertension and/or rapidly 

progressive renal failure causing SRC. Only about 10% of 

scleroderma patients develop renal crisis. Risk factors for 

the development of renal crisis are rapidly progressing 

diffuse skin disease, tendon friction rubs, new unexplained 

anaemia, the presence of anti-RNA polymerase III antibody, 

and antecedent use of corticosteroids at a dose of more than 

15 mg/day. Formerly, SRC was the most common cause 

of death in SSc, but renal crisis is now less common with 

the use of angiotensin-converting enzyme (ACE) inhibi-

tors. Proteinuria is an independent risk factor for mortality 

(Tyndall et al, 2010).

Cardiac disease
Cardiac involvement is among the leading causes of 

mortality in patients with SSc. Of SSc-related deaths, 26% 

were attributed to cardiac causes, mainly heart failure 

and arrhythmias (Tyndall et al, 2010). Secondary cardiac 

disease due to pulmonary involvement (PAH or ILD) is 

more common than primary cardiac disease, although 

primary cardiac involvement also occurs. Cardiac involve-

ment includes pericardial disease, myocardial fibrosis, 

myocarditis associated with myositis, conduction distur-

bances such as arrhythmias and conduction blocks, 

coronary artery disease, PAH related right ventricular 

changes and microvascular disease.

The clinical presentation of these conditions is often atyp-

ical, and different pathologies may also coexist, therefore 

cardiovascular manifestations represent a diagnostic chal-

lenge. This was highlighted in a single centre prospective 

study, where 120 consecutive patients with SSc were enrolled. 

All cases underwent a non-invasive cardiovascular protocol. 

In 30 patients with suspected cardiac involvement, right heart 

catheterisation and intracoronary pressure wire-supple-

mented coronary angiography were performed. ‘Pure’ PAH 

was found in 10% of the 30 examined patients with cardiac 

symptoms (n=3); however, a considerable overlap between 

PAH and coronary artery disease (16% of the 30 patients, 

n=5) has also been found (Komócsi et al, 2010). Half of the 

patients (n=15) had coronary artery disease, seven under-

went percutaneous coronary stent implantations, and one 

patient had bypass grafting. Severely reduced coronary flow 

reserve in the absence of significant stenosis was also found 

in 33% of the examined patients by coronary angiography, 

indicating the presence of microvascular disease.

Musculoskeletal disease
The earliest symptoms of SSc can be myalgias and arthral-

gias. Arthralgias and arthritis predominantly affect the 

hands, and may lead to significant disability. Physical exam-

ination by physicians in the EUSTAR cohort of 7286 SSc 

patients showed an overall prevalence of arthritis in 16% of 

the cases and the prevalence of joint contractures was 31% 

(Avouac et al, 2010). Patients often complain about pain 

and stiffness.

SSc arthropathy may resemble erosive osteoarthritis or 

psoriatic arthritis with sparing metacarpophalangeal joint 

lines, or may also show a rheumatoid arthritis (RA)-like 

pattern. Radiographic erosions may also be present on the 

X-rays of the hands and the joint involvement is usually 

progressive. In approximately 5% of SSc patients a true 

SSc-RA overlap may be present (Jinnin et al, 2003; Szücs 

et al, 2007).

The definition of SSc-RA overlap syndrome is difficult 

because similar articular changes are present in both disor-

ders. Patients who fulfil the classification criteria of both 

the SSc and RA are usually considered as SSc-RA overlap 

cases (Varjú et al, 2017).

In late SSc the dominant problem is muscle atrophy 

and loss of joint function due to joint contractures. Muscle 

weakness is also a significant problem and can be the conse-

quence of myopathy or myositis. Muscle weakness caused 

primarily by SSc-related myopathy should be distinguished 

from other factors including limited motion caused by skin 

involvement, arthritis, joint contractures, malabsorption 

with a consequent muscle wasting and physical inactivity, 

and the side effects of certain drugs.

The presence of clinically meaningful muscle involvement 

is often associated with unfavourable prognosis. Myositis 

may be a clinical manifestation of SSc most often early in 
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the disease course. However, myositis may also be seen in an 

overlap syndrome with typical polymyositis or dermatomyo-

sitis in a subset of patients with high phosphocreatine kinase 

(CPK), proximal muscle weakness, abnormal electromyo-

graphy (EMG) and signs of inflammation in muscle biopsy. 

This overlap syndrome is usually associated with anti-PM-Scl 

antibodies (Bhansing et al, 2013).

Based on previous data it has been suggested that classic 

overlap syndrome can be considered in the case of fulfilment 

of classification criteria for both idiopathic inflammatory 

myopathy and SSc.

Tendon friction rubs (TFR), the result of fibrinous 

deposits on the tendon sheath, can be observed. Patients 

with TFR are at increased risk of developing renal, vascular, 

cardiac and gastrointestinal involvement and have reduced 

survival.

Neuromuscular involvement
Neurological involvement is uncommon in scleroderma, 

but cranial nerve abnormalities, peripheral and central 

nerve involvement, and autonomic neuropathy have 

all been described. The most clinically manifest neuro-

pathy in patients with scleroderma is trigeminal sensory 

neuropathy (Herrick, 2004). Signs of nervous system 

disease usually have another explanation, such as micro-

vascular disease.

Sexual dysfunction is common in SSc, in particular 

impotence among male patients is a consequence of neuro-

vascular disease.

Laboratory tests
Immune system activation can be found in both the 

humoral and cell-mediated immune systems.

Humoral immunity
Approximately 95% of patients have detectable ANA when 

proliferating cell lines, such as HEp-2, are used as the detec-

tion substrate (Tan et al, 1980). All patterns may be seen, 

but nucleolar patterns are more specific.

Serological tests are helpful in confirming, but not 

in excluding, a diagnosis of SSc. The most frequent 

scleroderma-specific antibodies are antibodies for 

anti-DNA-topoisomerase I (anti-TOPO I or anti-Scl-70), 

anti-centromere (ACA) (figure 15), and the anti-RNA 

polymerase III. Less frequent SSc specific antibodies are 

the anti-U3-RNP (fibrillarin), Th/To, U1-RNP and PM-Scl 

(table 3).

There is an association between the presence of auto-

antibodies and clinical manifestations of SSc. Antibodies 

to centromeres occur in about 40% of patients with limited 

cutaneous disease but in only 2–5% of patients with diffuse 

cutaneous disease. In contrast, antibodies to topoisomerase 

I are present in 30–40% of patients with diffuse cutaneous 

disease (Hu et al, 2003; Reveille and Solomon, 2003).

Anti-RNA-polymerase III positive patients with SSc 

have a high risk of concomitant malignancy, scleroderma 

renal crisis, rapidly progressive diffuse skin thickening, 

and presence of gastric antral vascular ectasia, but low risk 

Figure 15 Anti-DNA-topoisomerase I and anti-centromere (ACA) antibodies revealed by indirect immunofluorescence using HEp-2 cells 

as substrate.
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for significant interstitial lung fibrosis (Steen, 2005; Hung 

et al, 2013; Ghrénassia et al, 2014). Antibodies to U3-RNP 

are associated with an increased risk for SSc-associated 

PAH and skeletal muscle involvement (Sacks et al, 1996; 

Aggarwal et al, 2009).

Anti-PM-Scl autoantibodies are associated with myositis 

in patients with SSc.

Patients with antibodies against Ku antigen (anti-Ku) 

tend to have musculoskeletal manifestations including 

myositis, arthritis and joint contractures (Rozman et al, 

2008).

The anti-topoisomerase I, ACA and anti-RNA-poly-

merase III tests are highly specific (>99.5% in some studies) 

for SSc but only moderately sensitive (2–50%) (Russo et al, 

2000; Reveille and Solomon, 2003; Kuwana et al, 2005).

It is not known whether the production of autoanti-

bodies is an epiphenomenon or whether autoantibodies are 

important in cellular activation or injury. However, recent 

data from a pilot study indicate that there may be a close 

temporal relationship between onset of cancer and sclero-

derma in patients with antibodies to RNA polymerase I/III. 

An association of tumour RNA polymerase III expression 

with autoantibodies was found in scleroderma patients with 

tumours in this study. This suggests that RNA polymerase III 

could be driving the immune response in these individuals. 

Therefore the authors propose that malignancy may initiate 

the scleroderma-specific immune response and drive disease 

in a subset of scleroderma patients (Shah et al, 2010).

The presence of high titres of rheumatoid factor, anti-

bodies to citrullinated peptides, anti-U1-RNP antibodies or 

lupus-associated antibodies is uncommon in patients with 

SSc and suggests overlap syndromes with other connective 

tissue diseases.

Antineutrophil cytoplasmic antibodies (ANCA) are not 

associated with SSc (Locke et al, 1997; Merkel et al, 1997).

Non-specific serological abnormalities including poly-

clonal hypergammaglobulinaemia, cryoglobulinaemia, and 

rheumatoid factor tests are found more often in SSc patients 

than in the healthy population.

Differential diagnosis
The differential diagnosis of SSc depends on the clinical 

manifestations of the particular patient. In some cases 

the differential diagnosis includes scleroderma-like skin 

lesions, while in others it includes Raynaud’s phenomenon 

or ILD.

Mimics of SSc
Many, mostly rare, conditions cause localised asymmetrical 

skin thickening, such as morphoea (Fett and Werth, 2011), 

linear scleroderma of childhood and the closely related 

condition Parry Romberg disease (also known as progres-

sive hemifacial atrophy) (Palmero et al, 2010) and stiff skin 

syndrome (Liu et al, 2008) (table 4). While of importance to 

the physician dealing with SSc, due to the asymmetry, allied 

Autoantigen recognised Percentage of 

patients

SSc type Clinical associations

Nuclei 95% Both

Centromere 10–20% lcSSc Limited cutaneous SSc, digital loss, PAH, PBC

DNA-topoisomerase I 
(Scl-70)

15–25% dcSSc ILD, cardiac disease

RNA polymerase III 3–22% dcSSc Concomitant malignancy, SRC, progressive diffuse skin 
thickness, GAVE, low risk of ILD

U3-RNP (fibrillarin) 5–45% dcSSc African American males, pulmonary disease

Th/To 5% lcSSc ILD, pulmonary hypertension, severe GI involvement

U1-RNP 5–35% lcSSc Mixed connective tissue disease

PM-Scl 4% SSc with 
myositis

Severe ILD, DU

dcSSc, diffuse cutaneous systemic sclerosis; DU, digital ulcer; GAVE, gastric antral vascular ectasia; GI, gastrointestinal; ILD, interstitial 
lung disease; lcSSc, limited cutaneous systemic sclerosis; PAH, pulmonary arterial hypertension; PBC, primary biliary cirrhosis; SRC, 
scleroderma renal crisis; SSc, systemic sclerosis.

Adapted from Smith, 2003; Steen, 2005.

Table 3 Autoantibodies in systemic sclerosis.
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Table 4 Localised skin-thickening conditions.

Condition Typical clinical features Tests Comment

Morphoea Rarely the face Lymphocytic infiltrate and 
collagen in deep dermis

May be parainfectious

Linear scleroderma (‘en coup 
de sabre’)

Mostly childhood
limb atrophy

Absence of autoantibodies 
and microvascular changes

Unknown aetiology, all 
stromal limb structures 
affected

Parry Romberg (hemifacial 
atrophy)

Children and young adults May involve cranial 
structures and the brain

Possible embryonal  
stromal stem cell line 
disorder

Scleromyxoedema
(papular mucinosis)

Skin hard with erythema 
and papulae

Fibrosis with mucin deposits Mucin production largely 
characterises histologically 
the tissues

Collagenomas Localised lesions Biopsy identical to systemic 
sclerosis (non-specific)

Hamartomas, eg, papular 
elastorrhexis

Table 5 Comparison between various symmetrical skin thickening conditions.

Condition Raynaud’s ANA Capillaroscopy Mucin Lung Multiorgan Para-

protein

Comment

Systemic sclerosis + + + – + + – Frenulum 
hypertrophy

Generalised 
morphoea

- −/+ - − − − − Indurated lesions 
typically circular 
with a violaceous 
or erythematosus 
border

Eosinophilic 
fasciitis

– – – – – – – Rarely the face 
and extremities

Scleromyxoedema – – – + +/− + + Waxy

Scleroedema 
adultorum of 
Buschke

– – – +/− – +/− +/− May be 
parainfectious

Chronic GvHD – +/− +/− – – + – Allogeneic 
transplant

Generalised 
myxoedema

– +/− – + – – – Severe 
hypothyroidism

Nephrogenic 
systemic fibrosis

– – – + +/− +/− – Never the face, 
gadolinium/renal 
failure

Primary amyloid – – – – – +/− +/− Amyloid stain 
biopsy

Stiff skin 
syndrome

− − − − − − +/− Fibrosis in 
the absence of 
inflammation on 
biopsy

Toxic agents, for 
example, oil

+/− +/− – – + + – Epidemics

ANA, antinuclear antibodies; GvHD, graft versus host disease.
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conditions and demography, these conditions rarely pose a 

diagnostic dilemma regarding SSc.

Table 5 lists the conditions which may be associated with 

diffuse, symmetrical thickening and/or tethering of the 

skin, possibly resulting in it being confused with SSc.

The distribution of skin involvement in these diseases 

is different from SSc, and the skin thickening of the digits 

is often missing. The absence of Raynaud’s phenomenon, 

negative ANA screen and lack of scleroderma-specific 

ANAs should also raise the suspicion of a scleroderma-like 

disorder. Nailfold capillaroscopy in these patients does not 

show the specific alterations characteristic of scleroderma. 

Furthermore, there are no typical internal organ manifesta-

tions characteristic of SSc.

Generalised morphoea
Localised scleroderma has different subtypes and includes 

plaque type morphoea, generalised morphoea and linear 

scleroderma, morphoea profunda, pansclerotic disabling 

morphoea and mixed types of morphoea. Generalised 

morphoea is characterised by the involvement of three or 

more anatomical locations, and the indurated–sclerotic 

skin lesions cover more than 30% body surface area (figure 

16). The typical presentation is the appearance of circular 

lesions with a violaceous or erythematosus border with a 

white, fibrotic centre. The fingers are spared. Raynaud’s 

phenomenon is absent and there are no specific changes 

on nailfold capillaroscopy examination. Contrary to SSc, 

generalised morphoea is usually not associated with 

internal organ involvement.

The triggers may be similar to scleroderma (vascular 

injury, abnormal immune regulation, extracellular matrix 

dysregulation) in genetically susceptible individuals. 

There are additional clues to pathophysiology in the 

variants of morphoea induced by triggers in the envi-

ronment such as radiation, trauma, ingestion of certain 

drugs, injection of foreign materials and infection. Most 

frequently used therapeutic options include topical corti-

costeroids, phototherapy, and methotrexate ± systemic 

corticosteroids.

Disabling pansclerotic morphoea
This rare devastating purely skin disorder may involve 

any area including the face, but typically affects the distal 

extremities with very painful lower leg ulcers (Maragh 

et al, 2005). There may be some systemic eosinophilia, 

possibly causing it to be confused with eosinophilic fasci-

itis, but the biopsy shows neither deep eosinophilia nor 

mucin. Raynaud’s phenomenon is absent, ANA are nega-

tive, capillaroscopy is normal and there is no internal organ 

involvement. No treatment is consistently effective.

Eosinophilic fasciitis
The most common of these mimics is eosinophilic fasci-

itis, also known as Shulman’s syndrome (Bischoff and Derk, 

2008). The typical presentation is a symmetrical sclero-

derma, such as induration of the distal extremities, which 

initially are erythematous and oedematous and later indu-

rated and hyperpigmented.

It tends to spare the fingers and toes and may be asso-

ciated with severe muscle pain and weakness. There is 

sometimes a history of physical stress or trauma before 

onset, and a typical physical manifestation is the ‘groove 

sign’ (figure 17). In later phases the skin may lose its elas-

ticity and develop a characteristic woody, puckered, or 

orange peel texture (figure 18).

Figure 16 Generalised morphoea. Figure 17 Eosinophilic fasciitis. Courtesy of Dr Susanne Fisterol.
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In the laboratory work-up, peripheral eosinophilia, 

hypergammaglobulinaemia and an elevated ESR may be 

found, but the final diagnosis is confirmed by deep biopsy 

including fascia and muscle, usually of the lower leg. In 

the early stage of eosinophilic fasciitis, there is an eosino-

philic and mononuclear infiltrate along the fascia. Later on 

fibrosis appears around the fascia. The superficial layers of 

the skin are not affected by the fibrotic process.

The disease may be associated with haematological 

abnormalities including malignant lymphomas in 5–10% of 

the cases.

Glucocorticoids (eg, prednisone 1 mg/kg/day, followed 

by slow tapering) in monotherapy or in combination with 

methotrexate may be of great benefit in some patients. 

Alternatively, based on some case reports, azathioprine, 

ciclosporin, cyclophosphamide, rituximab, tocilizumab, 

sirolimus, phototherapy (PUVA), intravenous immuno-

globulins (IVIg), and bone marrow transplantation may 

also have some benefit in treatment-refractory patients 

(Mertens et al, 2017).

Scleromyxoedema
First described in the early 1950s (Montgomery and 

Underwood, 1953; Gottron, 1954), this fibro-mucinous 

condition can involve any body region, including the face, 

and may progress with devastating involvement of the 

pharynx and upper airways. The presence of a parapro-

tein and a mucinous biopsy and the absence of Raynaud’s 

phenomenon, ANA and capillaroscopy changes distin-

guish the condition from SSc.

Some patients have responded to chemotherapeutic 

agents including autologous haematopoietic stem cell 

transplantation (Lacy et al, 2005), suggesting it is a clonal B 

cell disease. Indeed, patient serum has been shown to stimu-

late normal human skin fibroblasts in vitro to increase DNA 

synthesis and cell proliferation (Harper and Rispler, 1978).

Scleroedema adultorum of Buschke
This presents as a flat, oedematous skin induration often 

of the neck, shoulder, face and proximal extremities (Beers 

et al, 2006) (figure 19). It may also involve the tongue and 

pharynx. Systemic features are possible including synovitis, 

dysphagia, myositis, parotitis, and ocular and cardiac mani-

festations. Typically, a so-called ‘mattress’ sign on upper, 

inner arms may be present (figure 20).

Three types are described:

 • Triggered by acute viral or bacterial infection; resolves in 

6 months to 2 years.

Figure 18 Orange peel appearance in eosinophilic fasciitis.

Figure 19 Scleroedema adultorum of Buschke.

Figure 20 ‘Mattress’ sign in scleroedema.
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 • Insidious onset with a history of infection and a chronic 

course; may have a gammopathy.

 • Protracted course, often associated with longstanding 

diabetes mellitus.

Similar to scleromyxoedema, there is no Raynaud’s 

phenomenon, telangiectasia, calcification, atrophy or auto-

antibodies. Skin appendages remain intact (unlike in SSc) 

and there is no pulmonary involvement.

Nephrogenic systemic fibrosis
This relatively recently described entity has had 

various names such as scleromyxoedema-like illness 

of renal disease, scleromyxoedema-like illness of 

haemodialysis, scleromyxoedema-like fibromucinosis, 

dialysis-associated systemic fibrosis and nephrogenic 

fibrosing dermopathy.

Since the first description in the Lancet in September 

2000 (Cowper et al, 2000), many more cases have been 

identified and the international guidelines now exclude the 

exposure of patients with an estimated glomerular filtra-

tion rate <30 mL/min or chronic renal dialysis patients to 

gadolinium, except in emergencies. An association with 

gadolinium exposure has been established (Grobner, 2006), 

and the fibrocyte (Quan et al, 2004)—a bone marrow-de-

rived collagen-secreting cell—is implicated.

The clinical picture may be acute or chronic with 

extremities, truncal and scleral involvement, but the face 

is always spared. Single internal organs may also become 

fibrotic and biopsies show mucin deposition but little 

if any inflammation, in contrast to scleromyxoedema 

(Cokonis Georgakis et al, 2006). The skin may show 

papules, plaques, woody induration and pitting oedema, 

and joint contractures are common. Raynaud’s phenom-

enon and ANA are absent and capillaroscopy is normal.

Some anecdotal reports of response to the tyrosine 

kinase inhibitor imatinib have been published.

Stiff skin syndrome
This presents in infancy or early childhood with stony-

hard skin, severe functional limitation, and hirsute lesions 

in the absence of visceral or muscle involvement, immuno-

logic abnormalities, or vascular hyperreactivity. Regarding 

the pathogenesis, it is possibly a fibroblast disorder with 

increased collagen IV accumulation and increased deposi-

tion of glycosaminoglycans in dermis. This form may also 

be developed in adults when it is frequently secondary to 

paraproteinaemia or multiple myeloma.

Chronic graft versus host disease
Although such patients have always received an alloge-

neic haematopoietic stem cell transplantation (HSCT), 

chronic graft versus host disease (GvHD) may present 

months to years after transplant. Most, but not all, patients 

will have had an episode of acute GvHD. There is no 

Raynaud’s phenomenon and although it may be abnormal 

(Akay et al, 2010), capillaroscopy does not show typical 

Table 6 Drugs that may provoke scleroderma-like skin changes.

Provoking agent

Cytostatic drugs

Uracyl-tegafur 

Capecitabine (prodrug of 5-fluorouracil), 
5-fluorouracil, cytarabine, hydroxyurea, 
6-mercaptopurine, cyclophosphamide, docetaxel, 
vinorelbine

Taxane chemotherapy induced scleroderma (docetaxel, 
paclitaxel)

Cytostatic agents other than taxanes: gemcitabine, 
melphalan, capecitabine

Melphalan 

Doxorubicin + cyclophosphamide

Bleomycin, peplomycin

Appetite suppressants 

Phenmetrazine
Diethylpropionhydrochloride
Fenproporex

Other drugs

D-penicillamine

Valproic acid

Methysergide

L-5-hydroxytryptophan and carbidopa

Ketobemidone

Bromocriptine

Local injection of vitamin K, corticosteroid, vitamin 
B12, pentazocine, progestin 

Contrast agents

Non-ionic, non-cyclic gadolinium containing contrast 
material (nephrogenic systemic fibrosis)

Chemical agents

Solvents (trichloroethylene, perchloroethylene, benzene, 
or other organic compounds including amines, 
chlorinated solvents, formaldehyde derivatives) 

Epoxy resin: bis (4-amino-3-methyl-cyclohexyl) 
methane 

Adapted from Czirják and Varjú, 2011, with the approval of the 
author.
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SSc changes (Aschwanden et al, 2011). ANA and other 

autoantibodies may be positive, as is known following any 

immune ablative therapy followed by homeostatic expan-

sion of the immune competent cells.

Toxic sclerosing skin syndromes
The outbreak of toxic oil syndrome in Spain in 1981 (Posada 

de la Paz et al, 2001), which killed hundreds of people, alerted 

the world to the potential inflammatory/fibrosing effects of 

various chemical agents. The putative agent was never fully 

identified, but aniline contaminated rapeseed oil illicitly sold as 

olive oil was implicated. Typically severe myalgias, pulmonary 

infiltrates, some eosinophilia and other organ involvement 

such as neuropathy and cardiomyopathy may be present.

A full history of exposure to chemical agents is essential 

when the physician is confronted with an atypical SSc case 

(table 6).

Primary amyloidosis
Some patients with primary amyloid or AL associated 

amyloidosis may present with diffuse skin sclerosis (Reyes 

et al, 2008). A high ESR but normal C reactive protein level 

is suggestive, while the presence of a paraprotein may cause 

it to be confused with scleromyxoedema or scleroedema 

adultorum of Buschke. An appropriate biopsy and amyloid 

stains will confirm the diagnosis; mucin is not present.

Autologous HSCT has proven effective in some cases 

(Palladini and Merlini, 2011).

Summary of the mimics of SSc
When the physician is confronted with a case of symmet-

rical skin sclerosis, the presence of Raynaud’s phenomenon, 

positive ANA and typical small vessel changes on capil-

laroscopy are highly suggestive of SSc. This is particularly 

the case if the so-called SSc-specific autoantibodies such 

Summary points

Definition

•	 Systemic sclerosis is a generalised connective tissue disorder affecting the skin and internal organs.

•	 It is characterised by vasculopathy, fibrosis and autoimmune dysregulation.

•	 It is associated with specific autoantibodies, most notably anti-centromere, anti-Scl-70 

(anti-DNA-topoisomerase I) and RNA-polymerase III antibody.

•	 There are various subsets of disease with specific clinical features and variable involvement of 

internal organs.

Epidemiology

•	 Incidence: 20 cases per million population per year.

•	 Prevalence: more than 150 patients per million population.

•	 Race, subtype and antibody predict the course of disease in scleroderma subsets.

•	 Survival has improved in the past decade, but lung and cardiac involvement are major causes of 

death.

Clinical features

•	 General manifestations such as fatigue, malaise, arthralgias and myalgias.

•	 Raynaud’s phenomenon.

•	 Tightening and thickening of the skin (scleroderma).

•	 Involvement of internal organs, including the gastrointestinal tract, lungs, heart and kidneys.

•	 Musculoskeletal system is frequently affected leading to significant disability.

•	 Risk of internal organ involvement strongly linked to the extent and progression of skin thick-

ening and the presence of specific autoantibodies.
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as anti-centromere, anti-topoisomerase 1 (Scl-70) and 

RNA-polymerase III, are present.

When symptoms and signs are unclear, the skin biopsy 

usually cannot be avoided and it is a very useful tool in 

finding the correct diagnosis. The clinical picture has to be 

correlated to the skin biopsy findings. The presence of a para-

protein and mucin deposition suggests scleromyxoedema, 

scleroedema or paraprotein alone, or amyloidosis with AL 

myeloma. Sparing of the face and an exposure to gadolinium 

suggests nephrogenic systemic fibrosis, but many patients 

may have forgotten or never knew that gadolinium contrast 

medium was used in a previous MRI examination.

Finally, all such patients should have pulmonary and 

internal organ screening and be referred to a specialist 

centre for assessment at least once.

Causes of Raynaud’s phenomenon
Raynaud’s phenomenon is present in over 95% of patients 

with SSc. However, it can also occur in other disease states, 

in response to drugs and/or environmental exposures, or 

in isolation (primary Raynaud’s phenomenon) (table 2). 

Primary Raynaud’s phenomenon is common, affecting up 

to 5% of the population, especially young women, and is 

not associated with digital ulcers, skin thickening, the pres-

ence of autoantibodies or alterations on capillaroscopy.
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2 Localised scleroderma

Pia Moinzadeh, Nicolas Hunzelmann, Thomas Krieg

Learning objectives

•	 To classify localised scleroderma (morphoea).

•	 To identify the typical clinical features of each morphoea subtype.

•	 To describe the diagnostic algorithm.

•	 To set out the treatment options for different subtypes of morphoea.

Definition and epidemiology
Localised scleroderma, also called circumscribed sclero-

derma or morphoea, is defined as a fibrosing disorder, 

which usually involves the skin and/or the underlying 

tissue. Depending on its subtype and localisation it can be 

associated with extracutaneous manifestation in fat tissue, 

the musculoskeletal system, joints, bones and in rare cases 

with abnormalities of the cerebral, oral and ocular system.

The incidence of localised scleroderma varies from 0.4 

to 2.7 per 100 000 inhabitants (Silman et al, 1988; Peterson 

et al, 1997; Murray and Laxer, 2002; Zulian et al, 2006) and 

it appears more frequently in the female Caucasian popula-

tion (2.6–6:1) (Silman et al, 1988; Zulian et al, 2006; Kreuter, 

2014; Kreuter et al, 2016).

Localised scleroderma can appear in adults (peak 

incidence in the 50th decade of life) and children (peak 

incidence between the 2nd and 14th year of life), but 

usually specific variants occur more frequently in specific 

age groups. Accordingly adult patients suffer more often 

from the plaque variant while children tend to develop the 

linear form (Zulian et al, 2006).

This disease entity is distinguished from systemic 

sclerosis due to the absence of Raynaud phenomenon, 

scleroderma-typical changes of the nailfold-capillaries and 

internal organ manifestations. Occasionally it has been 

reported to occur simultaneously with systemic sclerosis 

(6.7%) (Soma et al, 1993), but none of these forms will pass 

into the other variant. A recent prospective evaluation of 

clinical signs of SSc in patients with localised scleroderma 

have confirmed previous data showing that the clinical 

features of SSc are statistically no more frequently present in 

patients with localised scleroderma than in healthy controls 

(Soma  et al, 2015).

There is as yet no convincing evidence-based treat-

ment, and management of the disease ranges from topical 

to phototherapy to systemic immunosuppressive treatment 

strategies.

Aetiology and pathogenesis
The pathogenesis of localised scleroderma has still not 

been fully elucidated; however, it has been reported that 

trauma, radiation, medications, viral or bacterial infections, 
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autoimmunity and microchimerism are associated in the 

development of this disease (Fett and Werth, 2011). Some 

studies in the past have suggested that infections with 

Borrelia burgdorferi might be associated with morphoea, 

but several further studies have found no significant associ-

ation (Weide et al, 2000).

The pathological disease process itself is certainly 

similar to systemic sclerosis and is associated with alter-

ations of the vasculature, activation of the immune system 

and connective tissue dysregulation (Fett and Werth, 

2011; Kurzinski and Torok, 2011). This is also reflected 

by characteristic histopathological features, with over-

expression of collagen and predominant CD4+ T helper 

cell infiltration (Th1, Th2 and Th17) of the tissue (Torres 

and Sanchez, 1998; Kurzinski and Torok, 2011; Torok 

et  al, 2015). In several studies a range of cytokines have 

been found to be upregulated in the serum of patients 

with localised scleroderma, including interleukin (IL)-2, 

IL-4, IL-6, IL-8, IL-13, IL-17, transforming growth factor 

β (TGFβ), tumour necrosis factor α (TNFα), inducible 

protein-10 (IP-10), monocyte chemoattractant protein-1 

(MCP-1), granulocyte-macrophage colony stimulating 

factor (GM-CSF) as well as soluble IL-receptor 2 (sIL2r) 

and sIL6r (Kurzinski and Torok, 2011; Magee et al, 2013; 

Torok et al, 2015).

Clinical features of localised 
scleroderma and classification
The clinical features of localised scleroderma can be 

very heterogeneous. The most common form is plaque 

morphoea, followed by linear scleroderma, generalised 

morphoea and deep morphoea (Peterson et  al, 1997, 

1995).

The classification into different variants of localised 

scleroderma depends on the clinical symptoms. Peterson 

et al (1995) differentiate morphoea into plaque, generalised, 

bullous, linear and deep forms. This classification was then 

modified and subdivided into five different groups, such 

as limited, generalised, linear and deep and mixed forms 

(Kreuter, 2014; Kreuter et al, 2016) (table 1).

The limited form of morphoea includes the plaque type 

morphoea, guttata morphoea as well as atrophoderma of 

Pasini and Pierini (Kencka et al, 1995; Kreuter et al, 2009; 

Kreuter, 2014).

Plaque morphoea is the most common variant and is 

characterised by the appearance of at least one circumscribed 

plaque (>1 cm) of skin thickening at one or two different 

body areas. The skin lesions appear initially as erythema-

tous and slightly oedematous patches, which then, over time, 

change into indurated, sometimes central sclerotic plaques 

of white, porcelain or yellow colour. This form is limited to 

the dermis without affecting underlying subcutaneous struc-

tures. Due to the extensive collagen deposition hair follicles 

and adnexal structures can be damaged. The distribution is 

most commonly localised at pressure areas such as on the 

trunk, especially at the sub mammary region around the bra 

line and the junction between the hip and the inguinal area. 

Particularly in the active stage of disease, a prominent viola-

ceous margin can be seen around the single plaques, which 

is also called the lilac ring. In the resolution phase these 

plaques, especially the sclerotic areas, can get softer again 

and leave either atrophic, hypo-, de- or hyperpigmented 

patches (figure 1) (Kreuter et al, 2009; Kreuter, 2014; Kreuter 

et al, 2016).

Morphoea guttata is characterised by small (<1 cm) 

plaques which are most frequently localised at the trunk 

with yellow-whitish, superficial shiny plaques. Sometimes 

it can be difficult to find the right diagnosis because they 

appear initially just as erythematous small patches, located 

in multiple amounts at the trunk (Kreuter et  al, 2009; 

Kreuter, 2014; Kreuter et al, 2016).

Another subtype can appear initially with erythematous 

patches which turn into atrophic patches (<1 cm). This form 

is called atrophodermia Pierini-Pasini and often occurs in 

children (Kreuter et al, 2009; Kreuter, 2014; Kreuter et al, 

2016). The generalised types include generalised localised 

scleroderma, disabling pansclerotic morphoea and eosino-

philic fasciitis.

Generalised localised scleroderma is defined by the 

extension of skin lesions over three different anatomic 

regions including the trunk, which is mostly affected, 

followed by the thighs and lumbosacral area. Different 

stages of plaques, which appear in this form usually symmet-

rically, can coalesce into large plaques (Kreuter et al, 2009; 

Kreuter, 2014; Kreuter et al, 2016) (figure 2A). Interestingly 

although the extension of this form is generalised, the face 

is usually spared.

Disabling pansclerotic morphoea represents the most 

severe, debilitating and progressive form of this disease 

entity with generalised extensive sclerotic plaques/areas 

sparing the peri-mammarian regions as well as the hands, 

but it can include the face and scalp. It usually starts at 

the extremities and spreads to the trunk, scalp and face, 

extending to all layers of the skin (Odhav et al, 2014). Due 

to the fact that this form does not show a good remission, 
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sclerotic areas remain and cause many problems with 

contractures, disturbed wound healing and large ulcer-

ations (figure 2B). Especially in the later stages, patients 

with chronic ulcerations due to sclerosis have a higher risk 

of developing squamous cell carcinoma of the skin (Parodi 

et al, 2001; Wollina et al, 2002).

Eosinophilic fasciitis was previously defined as a 

separate disease entity. Now it is often classified as a 

special subtype of localised scleroderma (Kreuter et  al, 

2009; Kreuter, 2014; Kreuter et al, 2016). Usually patients 

develop features such as swollen, indurated legs or lower 

arms which will change over time into sclerotic, thickened 

skin lesions (Bischoff and Derk, 2008) (figure 2B). Skin 

involvement of the limbs, and more rarely the trunk, is 

characterised by an ‘orange peel’ appearance: the extrem-

ities (hands, feet and head) are spared. Some patients can 

show extracutaneous manifestations such as arthritis and 

typical serological parameters such as an elevated eryth-

rocyte sedimentation rate (ESR), peripheral eosinophilia 

and hypergammaglobulinaemia. The serological markers 

have no positive correlation with the clinical features 

Table 1 Classification of localised scleroderma in different subtypes (Adapted from Kreuter et al, 2009, 2016; Kreuter, 2012, 2014).

Localised scleroderma Subtype Clinical characteristics

Limited type Morphoea (plaque type)

Guttata morphoea

Atrophoderma of Pasini and Pierini

At least one lesion (>1 cm) in one or two anatomical 
regions (back, abdomen, limbs, buttocks, neck)
Initially erythematous then indurated with central 
thickening; typical lilac ring sign
At least one lesion (<1 cm), commonly located on the 
trunk
Hyperpigmented/erythematous atrophic patches, 
commonly located on the trunk, no sclerotic process

Generalised type Generalised localised scleroderma

Disabling pansclerotic morphoea

Numerous plaques in more than two anatomical 
regions with a tendency to combine
Generalised, diffuse sclerosis, sparing just the hands 
and feet; can be complicated by ulcerations

Eosinophilic fasciitis Special subtype with initial swelling, changing 
into indurated, sclerotic changes of the skin (‘peau 
d’orange’)

Linear type Linear localised scleroderma

En coup de sabre type

Progressive hemifacial trophy
(Parry Romberg syndrome)

Band-like lesion of skin thickening, possibly deep 
atrophy of tissue, usually in first or second decade of 
life
Linear skin sclerosis and atrophy of subcutaneous 
tissue localised on the forehead
Severe form of the linear variant with involvement 
of one half of the face with atrophy of subcutaneous 
tissue

Deep type Morphoea profunda Involves panniculus or fascia, forms deep and tethered 
skin lesions

Mixed form Combination of two or more
subtypes

Most frequent combinations are the linear LoS 
together with plaque type morphoea or with 
generalised LoS

LoS, localised scleroderma.

Figure 1 Limited localised scleroderma (plaque morphoea).
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and therefore cannot be used to follow disease activity 

(Lakhanpal et al, 1988).

The linear type of localised scleroderma represents 

20% of all morphoea patients and is known as the most 

common form in children (Peterson et al, 1997). It includes 

the normal linear morphoea (localised at extremities), en 

coup de sabre type (localised in the face) and the progressive 

facial hemiatrophy (Parry Romberg syndrome) (Kreuter 

et al, 2009; Kreuter, 2014; Kreuter et al, 2016). Two thirds of 

this type appear before the age of 18 and in general 20−30% 

of localised morphoea cases begin in childhood (Peterson 

et al, 1997; Vierra and Cunningham, 1999). The frequency 

of occurrence in both genders is nearly equal (Peterson 

et  al, 1997). In these subtypes patients are more likely to 

show positive antinuclear antibodies (Marzano et al, 2003; 

Christen-Zaech et  al, 2008; Leitenberger et  al, 2009), but 

their role in the pathogenesis is unclear.

Linear morphoea is characterised by linear localised 

sclerotic, confluent areas along the longitudinal direction of 

at least one extremity. These lesions often follow Blaschko’s 

lines (Soma and Fujimoto, 1998) and can occur in mixed 

forms, together with the plaque form (50%) (Careta and 

Romiti, 2015).

The linear form in particular can cause many problems 

in children with reduced joint function and arthralgia 

due to dermatogenous contractures and arthritis (Zulian 

et al, 2006; Fett and Werth, 2011; Kreuter et al, 2016). Also 

muscle and bone atrophy is frequently observed in the 

affected area due to the extensive sclerosis. Unfortunately, 

linear morphoea can cause limb and extremity length 

differences as well as limitation of joint mobility and growth 

retardation (figure 3A) and has to be reviewed by ortho-

paedic specialists.

The en coup de sabre variant, which is located at the 

frontoparietal scalp or paramedian forehead, also includes 

scarring alopecia and sometimes alterations of the under-

lying cerebral and ocular system. The skin lesion is typically 

linear, sometimes just indurated, sometimes sclerotic and 

mostly unilateral. It bears the resemblance of skin lesions 

caused by the stroke of a sabre and can extend to the nose, 

cheek, chin and neck (Soma and Fujimoto, 1998; Itin and 

Schiller, 1999) (figure 3B). Only a few cases have been 

reported, in which intra-oral structures were involved (Van 

der Veken et al, 2015).

The Parry Romberg syndrome affects the subcu-

taneous tissue including bone and muscle, with just 

minimal skin sclerosis (Kreuter et al, 2009; Kreuter, 2014; 

Kreuter et al, 2016). This rare variant is more often seen 

in female patients (Peterson et al, 1997) and starts usually 

in childhood (mostly before the age of 20 years). It affects 

the muscles of the cheeks (usually involving dermatomes 

of one or more branches of the fifth cranial nerve), under-

lying fat, bone and also the tongue and can cause severe 

Figure 2 Generalised localised scleroderma. (A) Generalised morphoea with ulcerations. (B) Disabling pansclerotic morphoea.
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asymmetry of the face (Sommer et  al, 2006; Tollefson 

and Witman, 2007; Tolkachjov et  al, 2015) (figure 3C). 

It becomes stationary after 2–10 years (Tolkachjov et  al, 

2015).

These two last forms in particular are sometimes 

associated with cerebral system involvement and ocular 

abnormalities (Zannin et  al, 2007) and patients should 

always be investigated in more detail. Interestingly cerebral 

manifestations have often been observed ipsilateral to the 

skin lesion (Tollefson and Witman, 2007) (table 2).

The deep subtype, also known as morphoea profunda, 

is very rare (<5% of cases) and also affects subcutaneous 

tissues, including muscle, fat tissue and fascias (Bielsa and 

Ariza, 2007; Kreuter, 2014; Kreuter et  al, 2016). The skin 

over affected areas can be indurated and tethered to the 

underlying tissue, atrophic or not involved (Fett and Werth, 

2011).

The mixed subtype is defined by the combination of two 

or more previous subtypes and appears more often during 

childhood. The most frequent combination is the linear 

morphoea together with the plaque form or with gener-

alised morphoea (Fett and Werth, 2011; Kreuter, 2014; 

Kreuter et al, 2016).

Figure 3 Linear localised scleroderma (morphoea). (A) Linear scle-

roderma at the extremities. (B) En coup de sabre. (C) Parry Romb-

erg syndrome.

Table 2 Recommended treatments for localised scleroderma (Kreuter et al, 2016).

Treatment Useful in…/effects Administration

Topical treatments

Topical steroids Active stage of superficial morphoea subtypes Topical, once to twice daily;  
moderately or highly potent steroid

Topical calcipotriol Plaque-type superficial morphoea types Topical, 0.005% twice daily,  
(occlusive, if possible)

Topical tacrolimus Erythematous, active stage of superficial 
morphoea types

Topical, 0.1% under occlusion, if possible

Phototherapy Initial UV dosage has to be adjusted after the individual MED for UVA1 and MPD for bath PUVA 
has been determined

UVA1 phototherapy Anti-inflammatory and antifibrotic effects Medium dose, 3–5 times weekly

PUVA Early inflammatory stage of morphoea Bath or cream PUVA treatment, followed by 
broadband UVA; 2–4 times per week

Systemic treatments

Steroids Early acute stage of severe morphoea types and 
eosinophilic fasciitis

Orally or intravenously 

Methotrexate Generalised types of morphoea and active 
linear morphoea

Orally or subcutaneous,  
once per week; good effect with  
initial combination with steroids

Physical treatments

Physiotherapy Linear localised morphoea Once or twice weekly, but not in  
inflammatory active stages

Lymph drainage Linear localised morphoea Once or twice weekly, but not in
inflammatory active stages

MED, minimal erythema dose; MPD, minimal phototoxic dose.
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Histopathology
Although localised and systemic scleroderma are two 

completely separate diseases, the skin changes show nearly 

identical microscopic/histological features (Seyger et  al, 

2001). Histology can distinguish between an early, inflam-

matory stage and a late, sclerotic stage. Depending on the 

subtype, the lesions occur at different depths and in different 

tissues of the skin. Torres and Sanchez (1998) compared the 

histological features of localised and systemic scleroderma 

and found that the main differences were in the density and 

arrangement of inflammatory cells, dermal thickness and 

the localisation of thickened collagen bundles.

Particularly in the early stage (active stage), which is 

clinically associated with erythema, there is development 

of the lilac ring, warmth and an increase in the size or 

appearance of new lesions. Characteristic findings in the 

reticular dermis are lymphocytic perivascular and peri-

adnexal inflammatory infiltrates with swollen endothelial 

cells. Plasma cells, histiocytes and sometimes eosinophilic 

granulocytes can also be detected.

In the late, sclerotic stage (damage stage) typical find-

ings include thickened, eosinophilic collagen bundles 

which infiltrate the whole dermis and can extend into the 

subcutaneous tissue in parallel order (Kurzinski and Torok, 

2011). Especially in this stage, the inflammatory infiltrates 

disappear and a reduction in adnexal structures and blood 

vessels is detectable.

Patients with eosinophilic fasciitis show a thickened 

fascia with accumulation of lymphocytes, eosinophils, 

macrophages and plasma cells. In some cases a perimyositis 

around the fascia can be observed (Serratrice et  al, 1990; 

Pinal-Fernandez et al, 2014).

Diagnostic procedures
Localised scleroderma will be diagnosed according to 

the typical clinical features. Occasionally a skin biopsy is 

necessary to distinguish between different subtypes and 

to confirm the diagnosis. Several studies tried to improve 

upon the lack of objective and validated techniques to deter-

mine the progression of this disease. Different scoring and 

diagnostic procedures have been tested. Routine diagnostic 

evaluations include laboratory assessments, radiographic 

examinations of affected extremities, and determination of 

skin thickening over time (figure 4).

Laboratory and serological parameters include a normal 

routine blood test with full blood count, liver and renal 

function, clinical chemistry, ESR and, especially in linear 

forms, antinuclear antibodies. Particularly in children with 

linear scleroderma, antinuclear autoantibodies, antihistone 

antibodies, hypergammaglobulinaemia and eosinophilia 

might be present (Kreuter et  al, 2009). In cases of joint 

involvement due to linear scleroderma, increased levels of 

rheumatoid factors have been described and should be eval-

uated (Sato et al, 1994; Rosenberg et al, 1995; Zulian et al, 

2006; Kreuter et al, 2009).

ESR and eosinophilic granulocytes can be increased, 

particularly in patients with eosinophilic fasciitis.

Radiological examinations are required in patients 

with linear scleroderma involving joints but also in 

patients with en coup de sabre forms of morphoea and 

in particular Parry Romberg to evaluate possible cerebral 

manifestation by using MRI. Almost all patients complain 

about headaches, migraine and epileptic sensations and a 

limited group of patients can have cerebral manifestations 

without any clinical symptoms (Appenzeller et  al, 2004; 

Sommer et al, 2006; Horger et al, 2008). Besides subcor-

tical calcifications, brain atrophy is also common. To 

Localised scleroderma

Diagnostic procedures:

Limited morphoea

Deep morphoea

Determine extent, activity and progression of the lesion

stable active

Mixed form

•  Plaque morphoea
•  Morphoea guttata
•  Atrophoderma of

   Pasini & Pierini

Linear morphoea
•  Linear LoS
•  En coup de sabre
•  Parry Romberg
   Syndrome

Generalised morphoea
•  Generalised LoS
•  Disabling pansclerotic
   morphoea
•  Eosinophilic fasciitis

•  Wait and see
•  Topical treatment with steroids or
   tacrolimus
•  Physiotherapy and lymph drainage

   (if required)

•  Methotrexate combined with pulsed i.v.
   steroids
•  Penicillin intravenous
•  Mycophenolate mofetil orally
•  Phototherapy (UVA1 or bath PUVA)
•  Intensive physiotherapy (if required)
•  Intensive wound care (if needed)

Orthopaedics, Podiatry, Rheumatology, Plastic surgery, oral maxillofacial surgery, orthotics (if required)

Clinical picture:

•   Routine blood tests •  Form, colour, structure of the
   lesion
•  Distribution of the lesions
•  Number of affected anatomic
   regions

•   ANAs
•   Skin scoring
•   20 MHz Ultrasound of the skin
Optional: skin biopsy, MRI,

thermography

Figure 4 Schematic algorithm of diagnostic procedures and treat-

ment strategies. ANAs, antinuclear antibodies; LoS, localised 

 scleroderma.
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detect muscular subcutaneous tissue or bone involvement 

as well as intracranial calcification, CT is the procedure of 

choice (Sommer et al, 2006).

To assess the involvement and grade of skin activity and 

sclerosis the Localised Scleroderma Clinical and Ultrasound 

Study Group (LOCUS) has validated a morphoea-specific 

skin scoring technique, the Localised Scleroderma Skin 

Severity Index (LoSSI) (Arkachaisri et  al, 2009). Eighteen 

different anatomic areas are investigated and in each area 

skin erythema, skin hardening and new lesions are catego-

rised into three different grades. Due to difficulties in the 

reproducibility of this scoring system a modified LoSSI 

has been developed, the LOCUS, which includes a further 

index regarding the localised scleroderma skin damage 

(LoSDI); Arkachaisri et  al have recommended combining 

the LoSDI and the LoSSI together with the Physician’s 

Global Assessment (PGA) for activity and damage to create 

the Localised Scleroderma Cutaneous Assessment Tool 

(LoSCAT) (Arkachaisri et al, 2010).

Probably more reliable for direct quantitative data is 

the 20 MHz ultrasound determination of skin thickness. 

Several studies using different ranges of frequencies 

(10−30 MHz) concluded that dermal ultrasound 

increases the potential for detecting small but important 

thickening changes. The procedure is valid, more repro-

ducible and reliable between different observers (Serup, 

1984; Hoffmann et al, 1991; Kreuter et al, 2001, 2005; Li 

et al, 2007).

Weibel et  al (2007) have assessed morphoea plaques 

with laser Doppler flowmetry in children, and reported 

that it is a helpful, non-invasive diagnostic procedure that 

can be used to discriminate disease activity by measuring 

cutaneous microcirculation. Accordingly active lesions 

showed a significantly increased blood flow in comparison 

to  inactive, late lesions.

The durometer is a hand-held device which measures 

the hardness of the affected skin by applying pressure/

indentation on the skin’s surface. It is well established in 

scoring systemic sclerosis and has been used in several clin-

ical trials; however, durometer results may not accurately 

reflect the fibrotic activity, since it determines skin hardness 

instead of skin thickness. Several studies have shown that 

durometry shows low inter- and intra-observer variability, 

but correlates poorly with the non-validated modified skin 

score (Seyger et al, 1997).

The same is true for elastometer and cutometer assess-

ments of general biomechanical properties (skin elasticity), 

which exert a controlled vacuum force to the skin. Previous 

data showed that the measurements were highly reliable, that 

standard deviation of repeated measurements was low, and 

the intra- as well as the inter-observer agreement was good. 

The only deficit of this technique is that it does not work 

adequately over bone surfaces and that skin induration is not 

precisely the same as tethering (Enomoto et al, 1996).

Thermography measures the temperature of the involved 

skin in comparison to the surrounding non-involved skin. 

This technique requires a temperature-controlled room, an 

infrared camera and a skilled investigator. A difference of 

0.5°C warmer for the involved lesions compared with the 

surrounding uninvolved skin is considered as showing an 

active inflammatory morphoea lesion with reported sensi-

tivity between 90–100% and specificity of 68–92% (Birdi  

et al, 1992; Martini et al, 2002).

Zulian et al (2007) developed a computerised method 

with special skin scoring computer software for the assess-

ment of single skin lesions in localised scleroderma. Using 

an adhesive transparent film, hyperaemic and indurated 

margins are marked with different colours and afterwards 

recorded in a computer. It has been shown to be a reliable 

and easy to use method to assess morphoea plaques over 

time with high intra- and interrater agreement.

Differential diagnoses
The diagnosis of morphoea is almost always clinical. The 

main differential diagnoses include other conditions within 

the scleroderma spectrum. There are several differential 

diagnoses which imitate localised scleroderma: systemic 

scleroderma, sclerodermiform genodermatoses, acroder-

matitis chronica atrophicans, scleroderma-like syndromes 

induced by environmental factors, scleroderma adultorum 

Buschke, scleroderma diabeticorum, scleromyxoedema, 

nephrogenic fibrosing dermopathy, porphyria cutanea 

tarda, graft-versus-host disease and scleroderma-like 

lesions in malignancies.

Treatment options
Unfortunately, no curable treatment strategies are avail-

able for localised scleroderma; however, some new therapy 

options have clearly confirmed their benefit. Several case 

reports and studies of small patient groups exist, which 

report successful treatment for localised scleroderma, 

but large, controlled studies are still lacking. Depending 

on the extent of skin manifestations the clinician has to 

decide between topical treatment, phototherapy and more 

intensive systemic immunosuppressive therapies. It has 

also been considered that often localised scleroderma 
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can regress spontaneously to a surprising extent. Peterson 

et al (1997) reported that 50% of patients with morphoea 

showed a softening and improvement of skin thickening 

after 3.8 years. Recommended treatments are listed in 

table 2.

Topical treatment
Topical treatment options include topical, occlusive or 

intra-lesional injections of steroids, topical calcipotriene 

and also topical capsaicin in the case of severe pruritus 

(Hunzelmann et al, 1998; Vierra and Cunningham, 1999).

Topical steroids are used to treat the active phase 

of superficial forms of morphoea, although there are 

no studies which show a definite benefit. They can be 

especially effective during the active stage of superficial 

morphoea types. Topical steroids should be used for up 

to 3 months with a once-daily application of moderate or 

high potent steroids (Kreuter et  al, 2009). Intra-lesional 

steroids are restricted to the en coup de sabre subtype. 

Injection of triamcinolone acetonide 10–40 mg (with or 

without lidocaine) in a dilution of 1:2–1:4 will be adminis-

tered strictly intra-lesional into the active margin (Kreuter 

et al, 2009). Topical calcipotriol is a possible alternative 

to steroids without major side- effects (Cunningham et al, 

1998). Two studies have shown the successful use of topical 

calcipotriol 0.005%, administered twice daily, with or 

without occlusion. In one study it was also tried together 

with low-dose UVA1 phototherapy (Cunningham et  al, 

1998; Kreuter et al, 2001). Use of topical tacrolimus 0.1% 

ointment has been reported in one small pilot study and 

several case reports, with a significant improvement of 

late sclerotic and early inflamed lesions after application 

twice daily under occlusion (Mancuso and Berdondini, 

2003, 2005). The use of topical imiquimod, an immune 

response modifier that induces an antifibrotic effect, has 

been reported in several case series and reports but not 

yet in clinical trials (Man and Dytoc, 2004; Dytoc et  al, 

2005). The intra-lesional application of interferon y has 

been investigated in one double-blind, placebo-controlled 

study (Hunzelmann et  al, 1997), without any significant 

improvement in comparison to placebo.

Phototherapy
UVA1 phototherapy (340–400 nm) is another option for 

treating superficial lesions, especially in adults. Recent studies 

have shown that UVA1 improves sclerotic skin lesions by 

upregulating metalloproteinases, decreasing skin-infiltrating 

lymphocytes and decreasing mRNA expression of proinflam-

matory cytokines (IL-1, IL-6, IL-8) (Wlaschek  et  al, 1993; 

Stege et al, 1997; Breuckmann et al, 2004; Kreuter et al, 2006a, 

2006b). Furthermore, Gambichler et  al (2007) have shown 

that decorin increased in patients with localised sclero-

derma after UVA1 phototherapy. Two different dosages, 

the low-dose (10–20 J/cm2) and medium-dose (30–50 J/

cm2) UVA1 therapy, have been investigated in scleroderma 

patients with a good effect (Kerscher et al, 1998; Camacho 

et  al, 2001; Kreuter et  al, 2001; Tuchinda et  al, 2006). The 

authors concluded that the treatment with medium-dose 

UVA1 3–5 times weekly is the preferred treatment strategy 

(Kreuter et al, 2009).

PUVA, which is UVA-treatment in combination with 

the photosensitiser psoralen, has also been used in patients 

with localised scleroderma with similar results. It involves 

the use of the oral (systemic) or topical (cream or bath) 

photosensitiser psoralen.

Photodynamic therapy was used over a period of 3−6 

months, once to twice weekly, in a study involving five 

patients who showed regression of treated lesions (Karrer 

et al, 2000).

Systemic treatment
Systemic steroids have been used orally and intravenously 

in several studies either as monotherapy or combined with 

other immunosuppressive drugs. Usually this systemic 

treatment with steroids was used in patients with active 

and severe disease and especially in patients with progres-

sive generalised or linear morphoea (recommended only 

for a short period of time) (Kreuter, 2014). This kind of 

treatment showed a good improvement of skin conditions 

and disease activity; however, after stopping the treatment 

one-third of patients relapsed (Joly et al, 1994). Eosinophilic 

fasciitis is one of the morphoea subtypes which responds 

well to systemic and immunosuppressive therapy (Michet 

et al, 1981).

Methotrexate (MTX) is one of the commonly used 

systemic drugs for the severe forms of localised sclero-

derma. Usually patients were treated in small studies (9–34 

patients) with MTX once per week orally combined with 

oral prednisone or intravenous methylprednisolone for 

the first 3–6 months of treatment, according to different 

regimens. All studies showed an improvement regarding 

softening of the skin and stopping further progression (Uziel 

et al, 2000; Seyger et al, 2001; Kreuter et al, 2005; Fitch et al, 

2006; Weibel et al, 2006; Zulian et al, 2011, 2012). Kreuter 

et al (2014), in the current German guidelines, recommend 
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a dosage of 12.5–25 mg/week for adults and 15 mg/m2 per 

week (maximum 25 mg/week) for children for at least 12 

months. Dosage reduction can be initiated if there is a good 

response to the treatment.

Mycophenolate mofetil (MMF) can be considered as 

a second line treatment option in case of treatment failure 

of MTX. In a small study MMF appeared to be effective 

in arresting disease progression in severe or MTX-refrac-

tory juvenile localised scleroderma and was in general well 

tolerated. The authors admitted that controlled studies are 

needed to confirm these data (Martini et al, 2009).

Furthermore different immunosuppressive drugs, such 

as oral steroids, hydroxychloroquine, salazopyrine, D-pen-

icillamine, ciclosporin and cyclophosphamide, have been 

tried but without definitive benefit.

Unfortunately, disabling generalised morphoea is still a 

challenge to treat. One case report of a 4-year-old girl with 

pansclerotic morphoea, complicated by ulcerations, was 

successfully treated with bosentan (Roldan et  al, 2006), 

although in SSc the antifibrotic effect of bosentan (dual 

endothelin receptor antagonist) is still controversial.

Other systemic treatments have also been used, such 

as vitamin E, retinoids, vitamin D3 and interferon γ, but 

without definite benefit.

In case studies, intravenous administration of penicillin 

G showed a reduction in the thickness of the corium, and it 

seems to be a well-tolerated therapeutic option especially in 

children (Mohrenschlager et al, 1999). However, controlled 

clinical studies are still needed to confirm the effect of peni-

cillin.

Physical treatment
This therapeutic option should always be added to topical 

and systemic treatment in those cases of significant disabili-

ties due to localised scleroderma. Lymph drainage therapy 

as well as physiotherapy can be very helpful to prevent and 

improve dermatogenous contractures and impaired mobility. 

It is definitely helpful in linear scleroderma and should be 

done once or twice weekly for a minimum of 3 months.

Surgical treatment
Surgical treatment is not recommended for patients who 

have active, inflammatory skin lesions. There are case 

reports which show a recurrence of morphoea plaques after 

surgery around the scar (Kamath et al, 2000). Possible inter-

ventions include autologous fat transfer, plastic surgery and 

implantation of filler or tendon lengthening and should 

only be performed in completely inactive stages, to reduce 

the risk of flare-ups.
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Summary points

•	 Localised scleroderma is defined as a fibrosing disorder, involving the skin and/or the underlying 

tissue.

•	 Depending on the clinical features, localised scleroderma can be distinguished into five different 

subtypes.

•	 The most common form is plaque morphoea, followed by linear, generalised and deep morphoea.

•	 Adult patients suffer more often from the plaque form while children more often develop the 

linear form.

•	 Diagnostic procedures include routine blood test with antibody status, different skin thickening 

scoring techniques, 20 MHz ultrasound and optional biopsies, MRI and thermography.

•	 Treatment management includes topical treatment, systemic immunosuppressive treatment, 

physical therapies and phototherapy.
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Introduction

Epidemiology of systemic sclerosis
Systemic sclerosis (SSc), or scleroderma, seldom occurs, 

which means that it is difficult to obtain reliable estimates 

of incidence (new cases occurring in the population during 

a year). Differences in incidence, prevalence (number of 

cases in the population at a particular time point) and death 

rates between populations (countries, regions or groups of 

people) are analysed to provide insights into the genetic and 

environmental risk factors for SSc and into the factors that 

lead to excess mortality.

What is SSc?
SSc is a disease that manifests itself through fibrosis of 

the skin and/or internal organs, the production of auto-

antibodies, and microvasculopathy. It can be regarded as 

a syndrome-type disease. This means that it presents with 

a variety of different manifestations just like a syndrome, 

although in reality there is an underlying pathogenic 

process (even if this is incompletely understood). Because 

of the variety in disease presentation, SSc can be difficult to 

recognise correctly, especially early in the disease process. 

A distinction is usually made between limited cutaneous 

systemic sclerosis (lcSSc) and diffuse cutaneous systemic 

sclerosis (dcSSc) based on differences in the extent of skin 

involvement; there are also differences in their preferential 

autoantibody profiles, onset and prognosis. Presumably, 

lcSSc and dcSSc also differ, at least partly, regarding their 

pathogenic processes.

How is SSc recognised?
SSc is regarded as an identifiable disease entity that can 

be easily recognised by experienced physicians if fully 

3 Epidemiology

Marie-Elise Truchetet, Jaap Fransen

Learning objectives

•	 To describe the incidence and prevalence of systemic sclerosis (SSc).

•	 To recall the ways SSc is formally recognised and outline the consequences for estimations of the 

occurrence of SSc.

•	 To outline the influence of demographic features on SSc occurrence.

•	 To summarise current knowledge on the environmental and genetic risk factors for the develop-

ment of SSc.

•	 To identify areas with high and low SSc prevalence and possible reasons for differences in prevalence.

•	 To summarise death rates from limited cutaneous SSc and diffuse cutaneous SSc.

•	 To recall the most influential prognostic factors for survival in SSc.

•	 To delineate trends in death rates and survival in SSc.
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developed. The diagnosis of SSc in clinical practice gener-

ally relies on physician opinion. Classification criteria (for 

use in clinical studies but not for diagnosis) were devel-

oped in 1980 (Preliminary criteria for the classification 

of systemic sclerosis (scleroderma), 1980). These criteria 

classified most SSc patients correctly, except those with 

early SSc or a limited form of SSc. To include these latter 

patients, new classification criteria were proposed in 

2001 by Leroy and Medsger (table 1), taking advantage 

of recently developed autoantibody testing techniques 

and methods to detect microvasculopathy in the nailbed 

(Leroy and Medsger, 2001). These criteria brought inter-

esting arguments for the diagnosis of early and limited 

scleroderma leading to a better identification of these 

patients in daily practice. Physician diagnosis and/or the 

American College of Rheumatology (ACR) classification 

criteria are generally relied on for case definition in epide-

miological studies, but Leroy and Medsger criteria have 

also been used in more recent studies. Frequently, time 

from disease onset is calculated in retrospect as time from 

the occurrence of the first non-Raynaud’s phenomenon 

manifestation to the moment of diagnosis. In the wake 

of the Leroy and Medsger proposal, new classification 

criteria for SSc (box 1) have been developed jointly by 

the European League Against Rheumatism (EULAR) and 

ACR (Van den Hoogen, 2013).

Incidence and prevalence
Several studies have been performed on the incidence 

and prevalence of SSc, but there is much variation in 

the figures reported (Leroy and Medsger, 2001; Silman 

and Hochberg, 2001; Chifflot et  al, 2008; Ranque and 

Mouthon, 2010). Differences in incidence and prevalence 

among studies can be caused by technical issues such as 

random sampling error, which is larger if samples are 

smaller, and also by differences between calendar periods, 

case definitions and capture methods. These differences 

can also be due to variation in environmental and genetic 

factors. Figures for the incidence and prevalence of SSc in 

Europe are shown in table 2.

Incidence
SSc has been described in patients all over the world 

(Chifflot et al, 2008). Although there are no reports from 

African countries, SSc is described in black people in 

studies from the USA. The incidence of SSc varies from 1.2 

cases per million people per year up to 23 cases/million/

year (Ranque and Mouthon, 2010). The incidence in the 

USA and Australia appears to be higher than in Europe. 

It is unclear whether the incidence in SSc changes over 

time. In a study of the population of Allegheny County 

in the USA, a doubling of the incidence was found, 

from about 10/million/year in 1963–1972 to around 20/

million/year in 1973–1982 (Steen et al, 1997). However, 

the rise in incidence could be attributed to improved case 

finding and so it remains uncertain whether it is actually 

a true increase.

Prevalence
As SSc presumably is a life-long disease, the prevalence 

of SSc is influenced by its incidence and death rate. Esti-

mations for the prevalence of SSc varied from 31 to 350 

per million people, while two studies, from Hungary and 

South Carolina in the USA, with a low number of cases 

found relatively high prevalence of up to 910/million and 

1130/million, respectively (Ranque and Mouthon, 2010). 

Newer studies indicate a high prevalence also in Nordic 

countries (table 2), making the existence of a north-

south gradient in the occurrence of SSc less likely. For 

many patients with SSc, Raynaud’s phenomenon (RP) is 

Table 1 Criteria for the classification of early systemic sclerosis. 

(Adapted from Leroy and Medsger, 2001).

Limited SSc Raynaud’s phenomenon (objective 

documentation)

Plus any 
one:

SSc-type nailfold capillary 
pattern OR

SSc selective 
autoantibodies

OR

Raynaud’s phenomenon (subjective only)

Plus both: SSc-type nailfold capillary 
pattern AND

SSc selective 
autoantibodies

Limited 
cutaneous SSc 

Criteria for 
lSSc

Plus: Distal cutaneous changes

Diffuse 
cutaneous SSc

Criteria for 
lSSc

Plus: Proximal cutaneous 
changes

Diffuse 
fasciitis with 
eosinophilia

Proximal cutaneous 
changes without criteria 
for lSSc

lSSc, limited systemic sclerosis; SSc, systemic sclerosis.
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the first symptom of the disease and the occurrence of 

SSc is typically raised in people with RP. A meta-analysis 

in 1998 showed that of 639 patients with RP who were 

followed-up for 2531 patient-years, 53 patients (8.3%) 

developed SSc, on average 10 years after RP onset (Spen-

cer-Green, 1998).

Sex, age and race

Sex
SSc occurs more frequently in women than in men and 

an excess of female patients is a consistent finding in all 

studies (Chifflot et al, 2008). The ratios between studies 

range from 1.1/1 to 14/1, but on average are around 

3/1 (Chifflot et  al, 2008). The excess of female patients 

with SSc is most apparent between the ages of 25 and 65 

(Silman and Hochberg, 2001).

This female excess has been linked to the childbearing 

years (Steen et al, 1997), but it is unclear whether this can 

be attributed to sex hormones and parity (Chifflot et  al, 

2008). Female excess occurs in many autoimmune diseases 

and has been linked to skewed X chromosome inactivation, 

which might also explain the female predominance in SSc 

(Knudsen, 2009).

Age
Childhood onset of SSc is rare. Children under 16 years 

of age account for <5% of all cases and fewer than 10% 

of all patients develop SSc before the age of 20 (Zulian 

and Martini, 2007). In a British study, the incidence per 

million children per year was 0.27 (95% CI 0.1 to 0.5) 

for SSc, which was much lower than the incidence of 3.4 

(95% CI 2.7 to 4.1) for localised scleroderma, and 2.5 

(95% CI 1.8 to 3.1) for linear scleroderma (Herrick et al, 

2010).

From the age of 25 onward, incidence increases in men 

and women and decreases again after middle age, resulting 

in an absolute excess of SSc in women (Steen et al, 1997). 

New cases of SSc seldom occur in both sexes after the age of 

75 (Steen et al, 1997; Derk et al, 2006).

Item Sub-item(s) Weight/ 
score†

Skin thickening of the fingers of both hands 
extending proximal to the metacarpophalan-
geal joints (sufficient criterion) 
Skin thickening of the fingers (only count the 
higher score)

Fingertip lesions (only count the higher score)

Telangiectasia
Abnormal nailfold capillaries
Pulmonary arterial hypertension and/or inter-
stitial lung disease (maximum score is 2)
Raynaud’s phenomenon
SSc-related autoantibodies (anticentromere, 
anti-topoisomerase I [anti-Sci-70, anti-RNA 
polymerase III]) (maximum score is 3)

-

Puffy fingers
Sclerodactyly of the fingers (distal to the 
metacarpophalangeal joints but proximal to 
the proximal interphalangeal joints) 
Digital tip ulcers
Fingertip pitting scars
-
-
Pulmonary arterial hypertension 
Interstitial ling disease  
-
Anticentromere
Anti-topoisomerase I
Anti-RNA polymerase III

9

2
4

2
3
2
2
2
2
3
3

*These criteria are applicable to any patient considered for inclusion in a systemic sclerosis study. The criteria are not applicable to patients with skin thickening sparing 

the fingers or to patients who have a scleroedema-like disorder that better explains their manifestations (eg, nephrogenic sclerosing fibrosis, generalised morphoea, 

eosinophilic fasciitis, scleroedema diabeticorum, scleromyxoedema, erythromyalgia, porphyria, lichen sclerosis, graft-versus-host disease, diabetic cheiroarthropathy).

†The total score is determined by adding the maximum weight (score) in each category. Patients with a total score of >9 are classified as having definite systemic sclerosis.

Reproduced from 2013 classification criteria for systemic sclerosis: an American College of Rheumatology/European League Against Rheumatism collaborative initiative. 

Van den Hoogen et al, 2013. With permission from BMJ Publishing Group Ltd.

Box 1 The American College of Rheumatology/European League Against Rheumatisim 
criteria for the classification of systemic sclerosis*
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The incidence in black people is higher than in white 

people, but the sex difference is preserved (figure 1) (Steen 

et al, 1997). The decrease in disease incidence in black people 

in middle age appears to occur a decade earlier than in white 

people (Steen et al, 1997).

Race
SSc occurs worldwide, and geographical differences in 

occurrence may indicate differences in genetics and envi-

ronment. The influence of race is best studied in people 

moving to a new geographical area. SSc appears to occur 

Country Period Case 

ascertainment

Case definition Incidence

n/million/year

Prevalence

n/million

Reference

England 
(West 
Midlands)

1986 Multiple 
sources

Study specific 3.7 31 Silman, 
Rheumatology 1988

England 
(Newcastle)

2000 Multiple 
sources

ACR+Leroy/Medsger – 88 Allcock, 
Rheumatology, 2004

Hungary 
(south west)

2001 Multistage 
population 
survey

ACR+Leroy/Medgser – 910–2370 Czirjak, Clin Exp 
Rheumatol, 2005

Estonia 
(south)

1996–
1997

Multistage 
population 
survey

ACR+scleroderma 
spectrum disorders

– 350–2280 Valter, Scand J 
Rheumatol, 1997

Iceland 1975–
1990

Multiple 
sources

ACR+CREST 3.8 71 Geirsson, Ann 
Rheum Dis, 1994

Finland 1990 Multiple 
sources

ACR+CREST 3.7 – Kaipiainana, J Int 
Med, 1996

France (Seine 
St Denis)

2001 Multiple 
sources

ACR+Leroy/Medsger – 158 Le Guern, 
Rheumatology, 2004

Greece 
(north west)

1981–
2002

Multiple 
sources

ACR+Leroy/Medgser 11 154 Alamanos, Semin 
Arthritis Rheum, 
2005

Spain (north 
west)

1988–
2006

Two-stage 
hospital based 
survey

ACR+Leroy/Medsger 23 277 Ariaz-Nunez, 
Medicine, 2008

Croatia 
(Split-
Dalmatia)

2008 Hospital based 
survey

ACR – 15 Radic, Clin 
Rheumatol, 2010

Netherlands 2005–
2007

Multiple 
sources

ACR+Leroy/Medsger 7.7 89 Vonk, Ann Rheum 
Dis, 2009

Italy 
(Ferrara)

1999–
2007

Multiple 
hospitals 
survey

ACR
Leroy/Medsger

32
43

254
341

Lo Monaco et al, 
2011

Sweden 
(Skane)

1998–
2010

Registry ACR
ACR-EULAR

14
19

235
305

Andréasson et al, 
2014

France 
(Lorraine)

2006 Multiple 
sources

ACR+Leroy/Medsger - 105 El Adssi et al, 2013

Norway 
(south-east)

2009 Multiple 
sources

ACR+Leroy/Medsger - 99 Hoffmann et al, 
2012

ACR, American College of Rheumatology; CREST, calcinosis, Raynaud’s phenomenon, oesophageal dysmotility, sclerodactyly, 
telangiectasia; EULAR, European League Against Rheumatism.

Table 2 Incidence and prevalence of systemic sclerosis in Europe.
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more frequently in black Americans, some native Amer-

icans (Choctaw Indians), Australians but not native 

Australians, and Japanese people, and patients from these 

populations have more frequent diffuse disease than 

Europeans and white Americans (Ranque and Mouthon, 

2010). In the US population it appears that SSc occurs 

more frequently in African Americans than in Cauca-

sians, while the prognosis in African Americans is worse 

(Silver, 2012; Gelber, 2013). There is evidence to suggest 

that social economic status and health care access per 

se are not responsible for this. Rather, differences in 

genotype and consequent differences in pathogenesis 

may explain the differences in phenotype and prognosis 

between African Americans and Caucasian patients with 

SSc (Silver, 2012; Gelber, 2013).

Genetics
Multiple genes play a role in susceptibility for SSc, but the 

aetiology of SSc is unexplained by genes alone. This fact is 

supported by a report on familial SSc in three US cohorts, 

which observed that the disease occurred in only 0.4% of 

siblings of SSc patients, very close to the prevalence in the 

general population (Arnett et al, 2001). The result of a twin 

study greatly reinforces that observation: concordance for 

SSc was found to be low (4.7%) and similar in mono zygotic 

and dizygotic twins (Feghali-Bostwick et al, 2003). Interest-

ingly, concordance for the presence of antinuclear antibodies 

(ANAs) was significantly higher in mono zygotic twins 

compared with dizygotic twins (90% and 40%, respectively, 

P<0.05). There is evidence that mitochondrial inheritance, 

birth order, gender of first child, and parental age are not 

responsible for aetiogenesis of SSc (Russo et al, 2014; Frech 

et al, 2015). Thus, overall the effect of genetics in the causation 

of SSc is small. In polygenic diseases, multiple genes indivi-

dually have relatively small effects, and so the effects that 

can be expected in studies of individual genes are small. In a 

recent review of genetic studies, it was concluded that several 

genes shown to be involved in immune regulation, including 

BANK1, C8orf13-BLK, IL-23R, IRF5, STAT4, TBX21 and 

TNFSF4 (table 3), are associated with susceptibility for SSc 

(Agarwal and Reveille, 2010). Furthermore, gene–gene inter-

action studies suggested that IRF5, STAT4 and BANK1, as 

well as TBX21 and STAT4, interact with regard to sclero-

derma susceptibility (Agarwal and Reveille, 2010). Many 

of the genetic variants linked to SSc susceptibility are also 

associated with other autoimmune diseases such as rheu-

matoid arthritis and systemic lupus  erythematosus (Agarwal 

and Reveille, 2010). In SSc, genetic as well as epigenetic 
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Figure 1 Influence of age and race on the incidence of systemic 

sclerosis in Pittsburgh and Allegheny County, Pennsylvania, 1963–

1982. (Adapted from Steen et al, 1997).

Cohorts Number of subjects Replicated

Gene (Single/multiple) SSc Controls Yes No

BANK1 Multiple 2380 3270 •
CTGF Multiple 500 500 • •
C8orf13-BLK Multiple 1639 1416 •
IL-23R Single 1402 1038 •
IRF5 Multiple 881 760 •
STAT4 Multiple 1317 3113 •
TBX21 Multiple 1402 1038 •
TNFSF4 Single 1059 698 •

Table 3 Candidate gene associations for susceptibility to systemic sclerosis (SSc). (Adapted and updated from Agarwal and Reveille, 

2010).
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mechanisms may play a role (Luo et  al, 2013). Although 

knowledge about susceptibility genes is increasing, especially 

through large replication studies, much has to be learned. 

Even if novel genetic susceptibility factors are regularly 

discovered (Koumakis et al, 2016), no functional studies have 

brought clear evidence on the involvement of genetic vari-

ants in SSc pathophysiology so far.

Environment
The association between environmental and occupational 

risk factors and SSc has been extensively analysed, but the 

role of the environment is not yet fully understood (Mora, 

2009; Miller et  al, 2012; Marie et  al, 2017). An important 

reason for this is that SSc is rare. The difficulty in assessing 

environmental and occupational risk factors reliably makes 

large sample sizes necessary, especially if gene–environment 

interactions are to be studied. Environmental factors (table 4) 

can be classified as occupational (silica, organic solvents) and 

non-occupational/non-infectious (drugs, pesticides, sili-

cones, heavy metals) (Mora, 2009; Marie et  al, 2017). The 

strongest evidence indicates that silica and organic solvents 

are risk factors for SSc, while there is substantial evidence 

that exposure to silicones is not a risk factor for SSc (Miller 

et  al, 2012). The evidence regarding drugs and pesticides 

does not clearly indicate that certain substances cause SSc 

(Mora, 2009).

According to a recent meta-analysis, the risk of SSc 

following exposure to silica was higher in males (OR 3.0, 

95% CI 1.9 to 4.6) compared with females (OR 1.8, 95% 

CI 1.5 to 2.1). In a meta-analysis for silica exposure, the 

RR was 3.0 (95% CI 1.2 to 7.4) for males and 1.0 (95% CI 

0.7 to 1.4) for females (Zachary et  al, 2010). SSc patients 

with silica exposure exhibited different features from SSc 

patients without known exposure. They more frequently 

had the cutaneous diffuse form and a lower survival rate 

(Freire et al, 2015).

Infectious factors have also been discussed and some 

functional studies have been conducted with bacterial 

and viral agents (such as parvovirus B19, cytomegalo-

virus, Epstein-Barr virus and retroviruses) (Randone et al, 

2008). Homology between viruses and autoantibody targets 

suggests that molecular mimicry may have a role in initi-

ating antibody response in different disorders characterised 

by diffuse vascular disease, including SSc (Randone et  al, 

2008). However, evidence for a direct causal relationship 

between infections and SSc is still missing (Randone et al, 

2008; Mora, 2009).

Mortality
Mortality is raised in SSc, but there is considerable variety 

in survival between patients and between different popu-

lations. In more recent cohort studies in Europe, 10-year 

survival of patients with SSc was reported to be 86% for 

dcSSc and 95% for lcSSc in Spain, 70% in Italy, 49% for 

dcSSc and 82% for lcSSc in Hungary, 70% for dcSSC and 

93% for lcSSc in Norway, and 87% for dcSSc and 82% for 

lcSSc in Great Britain (Ferri et al, 2002; Czirjak et al, 2008; 

Joven et al, 2010; Hoffmann et al, 2013; Nihtyanova et al, 

2014; Simeón-Aznar et  al, 2015). In a recent study from 

Table 4 Environmental risk factors associated with systemic 

sclerosis. (Adapted from Mora, 2009; Marie et al, 2017).

Silica, silicon and silicones

Silica dust Gold and coal miners
Stone masons
Abrasive powder work

Breast implants Silicone
Paraffin

Inorganic compounds

Aromatic hydrocarbons Toluene
Benzene
Zylene
Aromatic blends (diesel, etc)

Aliphatic hydrocarbons

Chlorated Vinyl chloride
Trichloroethylene
Perchloroethylene
Naphtha-n-hexane

Non-chlorated Epoxy resins
Biogenic amines
Urea-formaldehyde foam

Drugs Bleomycin
Carbidopa
L-5-hydroxytryptophan
Pentazocine
Cocaine
Appetite suppressants
Diethylproprion
Fenfluramine chlorohydrate

Rapeseed oil

L-tryptophan

Heavy metals Antimony
Cadmium
Lead
Mercury
Molybdenum
Palladium
Zinc
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Australia, 10-year survival was reported to be 70% for males 

and 92% for females (Hissaria et al, 2011).

Trends in mortality
The figures above indicate that improvement in survival is 

possible. The largest studies on mortality in SSc are from 

the USA. From 1979 to 1998, the US national death rate 

for SSc was 3.9 per million people: 1.9 for males and 5.4 

for females (Krishnan and Furst, 2005). Death due to SSc 

increased between 1979 and 1998, but only in females 

and with no difference between black and white females. 

The same trend of increased mortality due to increased 

mortality in women was also observed in another large US 

study of approximately the same time (Kerneis et al, 2010). 

Interestingly, when US and French patients in that study 

were compared, only US females showed an increase in 

mortality, with death rates in US males and French males 

and females remaining stable over the same period (Kerneis 

et al, 2010).

In a British study, it was found that 5-year survival 

among dcSSc patients had improved from 69% in a 1990–

1993 cohort to 84% in a 2000–2003 cohort, whereas 5-year 

survival among lcSSc patients remained unchanged at 93% 

and 91%, respectively (Nihtyanova et al, 2010).

Causes of death
The four well-known risk factors-cardiac disease, intersti-

tial lung disease, pulmonary arterial hypertension, and renal 

involvement-remain the strongest risk factors for death in 

SSc (Komocsi et al, 2012). For almost the same period as 

that in the nationwide US study above showing increased 

mortality, a report from a large single centre study in Pitts-

burgh from 1972 to 2002 showed an improvement in 10-year 

survival over time (Steen and Medsger, 2007). In that study 

(figure 2), it was shown that renal crisis as the cause of death 

decreased from 42% to 6% of SSc related deaths, while the 

proportion of other causes of death increased: pulmonary 

fibrosis rose from 6% to 33% and pulmonary arterial hyper-

tension from 22% to 28%. The decrease in deaths due to 

renal crisis is probably due to improved treatment of renal 

crisis, notably with angiotensin-converting enzyme (ACE) 

inhibitors and better facilities for dialysis.

Death rates in SSc may change over time, or if mortality 

is stable, the underlying causes of death may change. 

Nowadays, pulmonary arterial hypertension, pulmo-

nary fibrosis and cardiac disease are the major causes of 

death in SSc, while renal involvement is occurring less 

frequently. In a recent study from the European EUSTAR 

database (table 5) analysing SSc related deaths, 35% 

were attributed to pulmonary fibrosis, 26% to pulmo-

nary arterial hypertension and 26% to heart failure and 

arrhythmias (Tyndall et  al, 2010). In meta-analysis, it 

appeared that overall, survival improved over calendar 
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Figure 2 Time trends in the causes of death in systemic sclerosis, 
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from Steen and Medsger, 2007).

Table 5 Causes of death in systemic sclerosis in Europe (from the 

EUSTAR database). (Adapted from Tyndall et al, 2010).

N %

All death cases 234 100

SSc related deaths 128 55

 Pulmonary 78 33

  Pulmonary fibrosis 45 19

  Isolated PAH 33 14

 Myocardial 33 14

  Arrhythmia 14 6

  Left ventricular heart failure 8 3

  Right ventricular heart failure 5 2

  Biventricular heart failure 4 2

  Pericarditis 2 1

 Renal 10 4

  Renal crisis 10 4

 Gastrointestinal 7 3

Non-SSc related deaths 96 41

 Infection 31 13

 Malignancy 30 13

 Cardiovascular 28 12

 Other 7 3

 Unknown 10 4

PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.
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time, with a trend that the difference between lcSSc and 

dcSSc in survival became less (Komocsi et  al, 2012). In 

a recent nationwide cohort of patients in Spain, they 

showed a decrease of the SSc-related causes of death over 

lung involvement remained the leading cause through 

both decades (Rubio-Rivas et al, 2017).

Risk factors for death
Male gender, higher age at diagnosis, dcSSc and organ involve-

ment are established predictors for increased mortality in SSc 

(Mayes et al, 2003; Ranque and Mouthon, 2010). The influ-

ence of these factors on survival is shown in figure 3.

The role of organ involvement as a risk factor for death 

in SSc was also shown in a large multicentre cohort study 

where individual patient data were used for analysis (Ioan-

nidis et al, 2005). In multivariate analyses adjusted for age 

and sex, renal (HR 1.9), cardiac (HR 2.8) and pulmonary 

(HR 1.6) involvement, and the presence of anti-topoisom-

erase I antibodies (HR 1.3), increased mortality risk. 

Moreover, renal, cardiac and pulmonary involvement 

tended to occur together. In a recent study from the 

EUSTAR cohort, patients with SSc initially presenting 

with a history of digital ulcers have more cardiovascular 

worsening and a decreased survival (Mihai et al, 2015).

Apart from disease subset (lcSSc and dcSSc), the extent 

of skin involvement is an important predictor of survival 

(Ferri et al, 2002). In that study, 10-year survival was 78% 

in lcSSc, 66% in ‘intermediate’ cutaneous SSc that excluded 

the trunk, and 52% in dcSSc. However, ‘intermediate’ SSc is 

commonly regarded to be dcSSc with less skin involvement.

Risk models based on information on causes of death 

have been developed to predict 5-year mortality at the 

moment of diagnosis in SSc. An early model developed in 

a British tertiary referral centre in 1999 included age, sex, 

low lung diffusing capacity for carbon monoxide (DLCO), 

elevated erythrocyte sedimentation rate (ESR) and pres-

ence of urine protein as predictors (Bryan et al, 1999). A 

recent model developed and tested in multiple European 

centres included age, gender, renal involvement, DLCO 

and forced vital capacity (FVC), which are very similar to 

the variables included in the earlier model of Bryan et al 
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(ESR and no FVC) (Beretta et al, 2010). Higher age, male 

gender, renal involvement, low DLCO and low FVC all 

suggested an increased risk of dying within 5 years.
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Introduction
Assessment of a patient affected with a systemic rheumatic 

autoimmune condition implies evaluation of disease status, 

that is, activity, damage and severity (Symmons, 1995). This 

brief overview addresses the present status of activity indices 

for systemic sclerosis (SSc). SSc activity may be thought of 

as that aspect of the disease that is potentially reversible, 

spontaneously or with drug treatment. In contrast, damage 

is irreversible tissue injury, whether induced by the disease 

itself, comorbidities or treatment. Even this seemingly 

simple differentiation can be confounded, as healing of 

damage, although not completely reversible, may still result 

in improved function.

Table 1 lists some examples of SSc manifestations occur-

ring in distinct organs/systems and reflecting either activity 

or damage.

Despite these apparently distinct differences, measuring 

disease activity in the patient with SSc is sometimes more 

difficult than in patients affected by other autoimmune 

rheumatic diseases such as systemic lupus and rheuma-

toid arthritis (Hudson et  al, 2007). These conditions are 

characterised by episodes of immune-mediated inflamma-

tion, which are easily differentiated from quiescent phases. 

In SSc there is often difficulty separating activity from 

damage. This arises from a number of aspects of the disease, 

including: 

1. The two main morphological manifestations of the 

disease (ie, interstitial fibrosis and vascular occlusion) 

overlap and may make it difficult to separate activity 

from damage.

2. Many patients, especially those with the limited subset 

of the disease, have an indolent course without clear-cut 

inflammatory manifestations.

3. Validated biological marker(s) reflecting disease activity 

are still lacking (Affandi et al, 2015; Hasegawa, 2016).

The evaluation of disease activity in the patient with SSc 

has long been carried out by the treating physician, who 

makes his/her evaluation of global disease activity, occa-

sionally on a 0 to 10 point visual analogue scale (VAS) or 

on a 4 point Likert scale (0=inactive, 1=moderately active, 

2=active, 3=very active) and modifies his/her therapeutic 

approach as necessary.

4 Activity

Gabriele Valentini, Daniel E Furst

Learning objectives

•	 To	understand	the	differences	between	activity	and	damage	in	scleroderma.

•	 To	become	familiar	with	the	activity	indices	available	in	scleroderma.

•	 To	be	aware	of	the	strengths,	weaknesses	and	status	of	the	activity	indices	in	systemic	sclerosis	

(SSc).

•	 To	understand	where	activity	indices	can	be	used	in	SSc	trials.
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More recently, however, SSc activity indices have been 

developed and are available for the practising rheumatolo-

gist. In addition, some biological markers have been found 

to be related to disease activity, at least in cross-sectional 

studies.

Activity indices
The first available index that attempted to quantitate activity 

was the Pittsburgh Severity Index developed by Medsger 

et al (1999). This consisted of nine items scored from 1 to 

4. It was somewhat confounded by a mix of activity and 

damage and has not been widely used.

The next activity index was developed by the Euro-

pean Scleroderma Study Group (EScSG) established in 

London by Carol Black in 1995. The EScSG activity index 

was derived by analysing 88 item charts of 290 consecutive 

patients with either diffuse or limited SSc, all of whom satis-

fied the 1980 American College of Rheumatology (ACR) 

criteria for classification of the disease (Masi et  al, 1980). 

A regression analysis decreased the 88 items into a 10 item 

score and further analysis showed that a score ≥3 was active 

disease (table 2) (Valentini et al, 2001, 2003a).

There had been criticism of the index because it was 

complicated by requirements for change within the index, by 

lack of face validity of some of the elements, and by lack of 

quality assurance and large amounts of missing data (Hudson 

et al, 2007). In addition the index had not shown responsive-

ness to change. Some of these concerns were abrogated when 

Diaconu et al (2009) simplified the index by omitting change 

and damage criteria and by removing some variables. An 

eight unweighted item index (scleroderma, modified Rodnan 

skin score (mRSS), fatigue, exertional dyspnoea, diffusing 

lung capacity for carbon monoxide (DLCO), musculoskel-

etal symptoms, erythrocyte sedimentation rate (ESR) and 

digital ulcers) was the final result. 

The construct and face validity were subsequently 

confirmed internally (Valentini et  al, 2001) and with the 

Canadian Scleroderma Research Group (CSRG) cohort 

(Fan et al, 2010).

The criterion validity, comparing the result to a gold 

standard, was not possible directly. Criterion validity was 

supported by four indirect approaches: (1) using it as a 

predictor of SSc phenotype (RT-PCR of procollagen tran-

scription in skin fibroblasts; analysis of skin fibroblasts 

derived from 15 SSc patients) (Qi et al, 2009); (2) correlating 

it with anti-DNA topoisomerase 1 titre (Hanke et al, 2009); 

(3) associating it with microvascular changes (Sambataro 

et al, 2014); (4) using it to predict disease progression from 

a damage (Medsger) index (Nevskaya et al, 2017).

Minier et  al (2010) investigated 131 consecutive SSc 

patients, who had been thoroughly clinically evaluated, 

Table 2	 EScSG	activity	index.

Item Score

mRSS >14 1

Scleroderma 0.5

Change in skin symptoms* 2

Digital necrosis 0.5

Change in vascular symptoms* 0.5

Arthritis 0.5

DLCO <80% predicted 0.5

Change in cardiopulmonary symptoms* 2

ESR >30 mm/hour 1.5

Hypocomplementaemia 1

Total disease activity index† 10

*As evaluated by the patient during the month preceding the 
assessment.
†The disease is considered active if the index is ≥3.0.
DLCO, diffusing lung capacity for carbon monoxide; EScSG, 
European Scleroderma Study Group; ESR, erythrocyte 
sedimentation rate; mRSS, modified Rodnan skin score.

Organ/system Activity Damage

Vessels Reversible vasoconstriction and  
fibrin deposition

Luminal narrowing by neointima  
formation

Interstitium of skin and internal 
organs

Ongoing fibrosis Atrophy

Lung Alveolitis Stable restrictive defect by interstitial fibrosis

Heart Myocarditis, reversible vasoconstriction 
of small intramyocardial coronary arteries

Myocardial fibrosis

Joints Arthritis Flexion contractures

Serosal membranes Pericarditis Serosal adhesions

Table 1	 Pathological	alterations	in	systemic	sclerosis	reflecting	either	activity	or	damage.
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at enrolment and 1 year later. They proposed a modified 

weighted index consisting of a simplified 8.5 point activity 

index obtained by excluding the change variables. They 

found a very good correlation with the original 10 item 

EScSG scale and the simplified score at baseline (r=0.911) 

and at 1 year (r=0.83; P<0.001).

In conclusion, versions of the original EScSG activity 

index have been developed, are quite feasible, have face 

validity and have been validated for construct validity. 

These indices, although simpler, have not been formally 

validated for criterion validity, although the EScSG index 

has. The EScSG index changed with the natural history 

of diffuse SSc in uncontrolled studies of cyclophospha-

mide (Paone et al, 2007) or rituximab (Smith et al, 2013). 

Despite the absence of full validation, it is being used to 

assess disease activity and its changes over time in open 

clinical trials (Guo et al, 2015).

Three other activity indexes have been subsequently 

developed. The first is the American College of Rheuma-

tology (ACR) provisional composite Response Index for 

clinical trials in systemic sclerosis (table 3) (Khanna et al, 

2016). It is a two-step process and is based, in step 2, on 

changes in five core items over 1 year, that is, mRSS, forced 

vital capacity (% predicted), patient and physician global 

assessment on a VAS, and the Health Assessment Ques-

tionnaire Disability Index (HAQ-DI). It is appropriate for 

use in clinical trials in early diffuse cutaneous SSc (dcSSc) 

and can help the clinician to assess change over time of his/

Table 3	 Combined	Response	Index	in	Systemic	Sclerosis.	(Reproduced	with	permission	from	Khanna	et al,	2016).

Step 1: Subjects who develop new or worsening of cardiopulmonary and/or renal involvement due to systemic sclerosis are 
considered as not improved (irrespective of improvement in other core items) and assigned a probability of improving equal to 
0.0. Specifically if a subject develops any of the following:

New scleroderma renal crisis 
Decline in forced vital capacity (FVC) % predicted ≥ 15% (relative), confirmed by another FVC % within a month, high 
resolution computer tomography (HRCT) to confirm interstitial lung disease (ILD; if previous high resolution CT of chest 
did not show ILD) and FVC % predicted below 80% predicted* 
New onset of left ventricular failure (defined as left ventricular ejection fraction ≤45 %) requiring treatment* 
New onset of pulmonary arterial hypertension (PAH) on right heart catheterisation requiring 
treatment*_________________________________________________________________________________

Step 2: For remaining subjects, step 2 involves computing the predicted probability of improving for each subject using the 
following equation (equation to derive predicted probabilities from a logistic regression model):

exp(–5.54–0.81*Δ
MRSS

+ 0.21* Δ
FVC% 

– 0.40* Δ
Pt-glob

– 0.44* Δ
MD-glob 

– 3.41* Δ
HAQ-DI 

)
________________________________________________________________

1+ exp(–5.54–0.81*Δ
MRSS

+ 0.21* Δ
FVC% 

– 0.40* Δ
Pt-glob 

– 0.44* Δ
MD-glob 

– 3.41* Δ
HAQ-DI

)

Δ
MRSS

 indicates the change in mRSS from baseline to follow-up, Δ
FVC 

denotes the change in FVC % predicted from baseline  

to follow-up, Δ
Pt

-glob indicates the change in patient global assessment, Δ
MD-glob

 denotes the change in physician global  

assessment, and Δ
HAQ-DI

 is the change in HAQ-DI. All changes are absolute change (Time
2
 – Time

baseline
). 

*Attributable to systemic sclerosis.
HAQ-DI, Health Assessment Questionnaire Disability Index; mRSS, modified Rodnan skin score.

Item Score

Change in skin symptoms* 1.5

Digital ulcers 1.5

mRSS >18 or
if mRSS <18→
mRSSx 0.084

1.5

Tendon friction rubs 2.25

CRP >1 mg/dl 2.25

DLCO <70% predicted

Total disease activity index† 10

*As evaluated by the patient during the month preceding the 
assessment.
†The disease is considered active if the index is ≥2.5.
CRP, C reactive protein; DLCO, diffusing lung capacity for carbon 
monoxide; EUSTAR, European Scleroderma Trial and Research; 
mRSS, modified Rodnan skin score.

Table 4	 EUSTAR	activity	index.
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her patient in clinical practice, but cannot be used to depict 

disease activity in cross-sectional observational studies.

The second index is PROMIS (Patient Reported Outcome 

Measurement Information System), which is sponsored by 

the US National Institute of Health and uses an algorithmic 

approach to minimise the number of questions a patient 

needs to answer to define various aspects of scleroderma (and 

other diseases). It is well on the way to becoming an excellent 

Index Face 

validity

Content 

validity

Criterion 

validity

Discriminant 

validity

Construct 

validity

Feasibility Ready for 

use in RCT 

EScSG activity index
(Valentini et al, 2003b)

Yes No* Yes Informally 
tested

Yes Yes No

CRISS (Khanna et al, 
2016)

Yes No* Yes Yes Yes Yes Yes

EUSTAR activity index 
(Valentini et al, 2017)

Yes No* Not tested Not 
tested

Yes Yes No

*No renal parameter.
CRISS, Combined Response Index in Diffuse Systemic Sclerosis; EScSG, European Scleroderma Study Group; EUSTAR, European 
Scleroderma Trial and Research; OMERACT, Outcome Measures in Rheumatology; RCT, randomised controlled trial.

Table 5	 Current	state	of	validation	of	systemic	sclerosis	(SSc)	activity	indices	as	outcome	measures	in	SSc	(according	to	OMERACT).

Reflecting immune/inflammatory 
activation

Anti-DNA topoisomerase titre
Anti-RNA polymerase titre
B cell activating factor (BAFF)
β2-microglobulin
APRIL
Soluble IL-2 receptor (sIL-2r)
Soluble CD40 ligand (sCD40l)
Soluble CD30
IL-6 , IL-15, IL-23
CCL-2
Monocyte chemoattractant protein-1 (MCP-1)
Hypocomplementaemia
C reactive protein†
Erythrocyte sedimentation rate 

Reflecting fibroblast activation Procollagen III-N-propeptide (PIIINP)
Procollagen I-C-propeptide (PICP) 
CTX-1
CTGF
Cartilage oligomeric protein (COMP)
Enhanced liver fibrosis (ELF)
Lysil oxidase

Reflecting endothelial activation/
damage

Fac.VIII-vWfAg
ELAM-1, ICAM-1, VCAM-1 
Soluble E-selectin
Soluble P-selectin glycoprotein ligand 1 
Vascular endothelial growth factor (VEGF) endothelin-1 
Angiopoietin 2†
Number of microhaemorrhages and microthombosis at nailfold videocapillaroscopy

Correlated with disease activity in 
distinct organs

Krebs von den Lungen-6 antigen
Surfactant protein-D
N-terminal-pro brain natriuretic peptide

†Found to be associated with disease activity as evaluated by the treating physician.
ELAM-1, endothelial cell adhesion molecule-1; ICAM-1, intracellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1.

Table 6	 Potential	biomarkers	of	disease	activity	in	systemic	sclerosis.
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measure for measuring disease activity in systemic sclerosis, 

although it is not designed specifically for measuring overall 

disease activity at this point (Witter, 2016) 

The third index has been recently developed by a Euro-

pean Scleroderma Trial and Research (EUSTAR) task force 

(table 4) to overcome the main limitations of the EScSG 

activity index, that is, a high percentage of patients with 

long disease duration, and much missing data (Valentini 

et al, 2017). It was initially derived by the analysis of 97 clin-

ical charts from the EUSTAR database including balanced 

proportions of patients with early and late, limited and 

diffuse SSc, all satisfying the 1980 ACR criteria. Then it 

was validated in 60 different patients satisfying 2013 ACR/

EULAR classification criteria, in whom it performed better 

than the 2001 EScSG activity index.

Table 5 summarises the current state of the validation of 

SSc activity indices as an outcome measure in SSc.

In conclusion, the Combined Response Index in Diffuse 

Systemic Sclerosis (CRISS) is fully validated for clinical 

trials and can be used in that context, while the 2001 EScSG 

activity index can be used in observational studies, although 

its discriminating ability has not yet been published. The 

first was developed in early diffuse SSc and its use in late 

disease needs further research. The other two indices (2017 

EUSTAR activity index, PROMIS) are still under develop-

ment for measuring overall clinical activity.

Biomarkers
A number of biological proteins and genetic markers have 

been associated with disease activity in SSc. Testing for 

some of them is not feasible at present, including the gene 

expression of skin and dermal fibroblasts and molecules 

secreted by explanted dermal fibroblasts. Table 6 lists the 

serum/plasma biomarkers potentially associated with 

disease activity in SSc, according to their place in the patho-

genesis of the disease (Affandi et al, 2015; Hasegawa, 2016).

Some serum proteins such as s-IL-2r do not accurately 

reflect SSc disease activity. Anti-DNA topoisomerase titre, 

BAFF, APRIL, sCD40l, PIIINP, PICP, CTX-1, vascular 

endothelial growth factor (VEGF), FacVIIIvWfAg, sEse-

lectin, sPSGL-1, CRP, ESR, C3 and C4 were all assessed by 

Minier et al (2010) in 131 SSc patients. In addition to ESR 

and complement levels, VEGF, sPSGL-1 and CRP were 

correlated to disease activity as measured by physician 

global evaluation, but none improved the performance 

of either the EScSG activity index or the 12 point activity 

index. Of the recently proposed markers, cartilage oligo-

meric protein (COMP), monocyte chemoattractant 

protein-1 (MCP-1) and enhanced liver fibrosis (ELF)—

which includes the measurement of serum concentrations 

of hyaluronic acid, tissue inhibitor of metalloproteinase-1 

and the amino terminal propeptide of procollagen type 

III—seem very promising. Further studies, however, are 

needed to identify valid biomarker(s) of disease activity 

in SSc.

Conclusion
Two SSc activity indices have been developed and validated 

for clinical care and observational studies. A response 

index has been developed and validated for randomised 

controlled trials in early dcSSc (table 5). 

Biomarkers, although theoretically very tempting as 

reflecting the overall pathogenesis of the disease, have thus 

far been found wanting.

Summary points

•	 Disease	activity	 is	difficult	to	assess	 in	patients	with	systemic	sclerosis	 (SSc),	especially	 in	those	

with	limited	SSc.

•	 No	fully	validated	clinical	marker	or	biomarker	or	mixed	tool	is	available	as	an	outcome	measure	

in	clinical	trials	and	clinical	practice.

•	 The	European	Scleroderma	Study	Group	(EScSG)	activity	index	can	be	used	to	describe	the	char-

acteristics	of	patients	in	observational	studies	and	as	a	guide	in	clinical	practice.

•	 Further	research	is	needed	to	fully	validate	the	index	and	to	identify	a	feasible	activity	biomarker	

or	combination	of	biomarkers.
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Disease subsets and the natural 
history of the disease
Systemic sclerosis (SSc) is recognised today as a syndrome-

like disease with a wide spectrum of clinical and laboratory 

manifestations. Its natural history is most easily understood 

by first dividing SSc into its two major clinical subtypes—

diffuse cutaneous (dc) and limited cutaneous (lc) SSc—and 

then separating each of these subtypes into three stages 

(early, intermediate, and late) (Medsger, 2003).

For the purposes of this chapter, we define dcSSc as 

skin thickening proximal to the elbows and knees (upper 

arms, thighs or trunk, the latter including the anterior chest, 

abdomen and back) documented at any time during the 

illness (Subcommittee for scleroderma criteria of the Amer-

ican Rheumatism Association Diagnostic and Therapeutic 

Criteria Committee, 1980). In contrast, lcSSc includes SSc 

patients with either limited skin thickness (restricted to the 

fingers, hands and/or forearms) or no skin thickness (SSc 

sine scleroderma). Skin thickening affecting the face can 

occur in either dcSSc or lcSSc and its presence or absence 

does not alter the subtype classification.

We arbitrarily measure disease duration from the onset 

of the first symptom attributable to SSc (Medsger, 2003). 

There has been some enthusiasm, particularly in the design 

and performance of clinical trials, to define disease onset 

as the time of the first non-Raynaud’s symptom of SSc. 

This definition, while reasonable for dcSSc, is misleading 

for lcSSc, where Raynaud’s symptoms often antedate other 

SSc clinical manifestations by years or even decades. We 

discourage the use of the first non-Raynaud’s symptom to 

represent the onset of lcSSc.

The stages of dcSSc are early (<3 years’ duration), inter-

mediate (3–6 years), and late (6+ years) (Medsger, 2003). 

This staging takes into account that skin thickness in the 

majority of dcSSc patients increases during the first 3 years of 

disease, reaches a peak/plateau during the next several years 

and improves thereafter. In parallel with skin thickening, 

the major internal organ complications of dcSSc are first 

detected during early disease. A few visceral manifestations 

5
The natural history of 
systemic sclerosis and 
assessment of disease severity 
and damage

Madelon C Vonk

Learning objectives

•	 To distinguish between diffuse cutaneous (dc) and limited cutaneous (lc) systemic sclerosis (SSc).

•	 To properly identify dcSSc and lcSSc in early and late stage patients.

•	 To distinguish between disease activity, severity and damage.

•	 To use the revised SSc disease severity scale to classify the organ system involvement of SSc 

patients at any single patient visit.

•	 To use disease staging to develop a strategy for screening for internal organ involvement.
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are first evident in the intermediate stage and practically 

none during late dcSSc.

The stages of lcSSc are more difficult to define. Neverthe-

less, we propose a tentative classification of early (<5 years’ 

duration), intermediate (5–10 years), and late (10+ years) 

stages (Medsger, 2003).

These proposed SSc subtypes and staging are illustrated 

in diagrammatic fashion in figure 1, which includes the 

most frequent clinical manifestations that first occur during 

these stages (Medsger, 2003).

Using these definitions, we queried the University of 

Pittsburgh longitudinal SSc databank to determine the time 

of onset of the first symptoms for each of nine organ system 

involvements, always requiring objective data confirma-

tion for inclusion. It should be evident from these data and 

numerous published works that virtually all of the ‘action’ 

in terms of new organ system disease in dcSSc occurs in the 

early stage and the majority of the complications in lcSSc 

first appear in the late stage.

For these reasons, the skin subset and stage classification 

system is useful for managing physicians. For example, a 

patient with early dcSSc is at increased risk for lung (intersti-

tial lung disease), heart and kidney involvement. Early dcSSc 

patients should be evaluated by taking their history, under-

going a physical examination and laboratory work-up at least 

every 3 months, and should have periodic (at least every 6 

months) high resolution computed tomography (HRCT) 

scans of the lungs, pulmonary function tests and echocar-

diograms for early detection of internal organ involvement. 

Similarly, late lcSSc patients should have history screening 

for postprandial abdominal distension, diarrhoea and weight 

loss and have periodic echocardiograms to check for asymp-

tomatic pulmonary arterial hypertension (PAH).

Disease activity, damage and severity
The severity of a patient’s disease at any point in time 

represents some combination of damage (irreversible tissue 

injury) and activity (injury to tissue, which causes tempo-

rary abnormalities and tissue malfunction but is potentially 

reversible); activity and damage often coexist in the early 

stages of disease (Medsger et  al, 1999). It is important to 

distinguish between activity and damage, because damage 

cannot, and should not, be treated given our current knowl-

edge, but activity can possibly be treated if there are effective 

available treatments. We have attempted to represent these 

processes as they might occur in dcSSc (figure 2). Disease 

activity is addressed in chapter 4.

Initially, active (reversible) disease is the dominant 

feature, but after a number of months, damage accounts 

for a greater proportion of organ system malfunction. It 

is important to recognise that organ systems have a great 

amount of reserve, in which case functional deficiency is 

evident to the patient only under circumstances of stress. 

For example, a substantial loss in pulmonary function 

can occur in interstitial lung disease and is measurable in 

pulmonary function tests and on HRCT scans of the lungs 

without the patient experiencing any dyspnoea on exertion.

An international group of SSc experts (the Interna-

tional Scleroderma Study Group) published a severity 

scale for SSc (Medsger et al, 1999), which is similar to the 

damage index previously developed for systemic lupus 

erythematosus (SLE) (Gladman et al, 2003). This scale was 

published in 1999 and revised in 2003 (table 1) (Medsger 

et al, 2003). Nine organ systems were specified and a glos-

sary of terms for the history, physical examination and 

laboratory test results was agreed on. Consensus severity 

Figure 1 Diagrammatic representation of the stages of diffuse and 

limited systemic sclerosis over time, including the typical relation-

ships between skin thickness and selected organ system involve-

ment. GI, gastrointestinal. (Adapted with permission from Meds-

ger and Steen, 1996).
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descriptions were developed for each organ system. The 

categories of severity were ‘none’, ‘mild’, ‘moderate’, ‘severe’ 

and ‘end-stage’. 

The latter included, for example, end-stage renal disease 

requiring dialysis and interstitial lung disease or pulmo-

nary hypertension resulting in lung transplantation. An 

attempt was made to exclude variables that could also be 

considered to reflect disease activity, such as ‘arthritis’ and 

‘myositis’.

The SSc severity scale is unlike the SLE damage index, 

as the latter includes only irreversible damage, and as a 

consequence, damage scores cannot improve. The authors 

of the SSc severity scale resisted the temptation to combine 

organ system scores to create a single severity score for 

an individual patient. The reason for this choice was, 

for example, because a patient with ‘end-stage’ (oxygen 

dependent) PAH could die with only that one complica-

tion, while a patient with moderate-to-severe disease of 

Organ 

system

0 (normal) 1 (mild) 2 (moderate) 3 (severe) 4 (end stage)

1. General Wt loss <5%;
PCV 37.0%;
Hb 12.3+ g/dL

Wt loss 5.0–9.9 kg;
PCV 33.0–36.9%;
Hb 11.0–12.2 g/dL

Wt loss 10.0–14.9 
kg;
PCV 29.0–32.9%;
Hb 9.7–10.9 g/dL

Wt loss 15.0–19.9 
kg;
PCV 25.0–28.9%;
Hb 8.3–9.6 g/dL

Wt loss 20+ kg;
PCV <25.0%;
Hb <8.3 g/dL

2. Peripheral
vascular

No Raynaud’s;
Raynaud’s not
requiring
vasodilators

Raynaud’s requiring
vasodilators

Digital pitting 
scars

Digital tip 
ulcerations

Digital
gangrene

3. Skin TSS 0 TSS 1–14 TSS 15–29 TSS 30–39 TSS 40+

4. Joint/
tendon

FTP 0–0.09 cm FTP 1.0–1.9 cm FTP 2.0–3.9 cm FTP 4.0–4.9 cm FTP 5.0+ cm

5. Muscle Normal proximal
muscle strength

Proximal weakness,
mild

Proximal 
weakness,
moderate

Proximal weakness,
severe

Ambulation
aids required

6. GI tract Normal
oesophagram;
normal small 
bowel
series

Distal oesophageal
hypoperistalsis; small
bowel series
abnormal

Antibiotics 
required
for bacterial 
overgrowth

Malabsorption
syndrome; episodes
of pseudo-
obstruction

Hyper 
alimentation
required

7. Lung DLCO 80+%;
FVC 80+%;
no fibrosis on
radiograph;
PAS <35 mmHg

DLCO 70–79%;
FVC 70–79%;
basilar rales;
fibrosis on
radiograph;
PAS 35–49 mmHg

DLCO 50–69%;
FVC 50–69%;
PAS 50–64 mmHg

DLCO <50%;
FVC <50%;
PAS 65+ mmHg

Oxygen
required

8. Heart ECG normal;
LVEF 50+%

ECG conduction
defect;
LVEF 45–49%

ECG arrhythmia;
LVEF 40–44%

ECG arrhythmia
requiring
Rx; LVEF <40%

CHF;
LVEF <30%

9. Kidney No Hx SRC with
serum creatinine
<1.3 mg/dL

Hx SRC with serum
creatinine
<1.6 mg/dL

Hx SRC with 
serum
creatinine
1.7–2.9 mg/dL

Hx SRC with 
serum
creatinine
3.0+ mg/dL

Hx SRC with
dialysis
required

If two items are included for a severity grade, only one is required for the patient to be scored as having that severity level.
CHF, congestive heart failure; DLCO, diffusing capacity for carbon monoxide, % predicted; ECG, electrocardiogram; FTP, fingertip-to-palm 
distance in flexion; FVC, forced vital capacity, % predicted; GI, gastrointestinal; Hb, haemoglobin; Hx, history of; LVEF, left ventricular 
ejection fraction; PAS, estimated pulmonary artery systolic pressure by Doppler echo; PCV, packed cell volume (haemocrit); Rx, treatment; 
SRC, scleroderma renal crisis; TSS, total skin thickness score; Wt, weight.

Table 1 Revised preliminary systemic sclerosis severity scale. (Reproduced with permission from Medsger et al, 2003).
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the skin, gastrointestinal tract and lungs could survive for 

many years.

Early dcSSc
Patients in this subset tend to have the near simultaneous 

onset of constitutional features (fatigue), swollen fingers, 

joint pain and stiffness or carpal tunnel syndrome and 

Raynaud’s phenomenon. During subsequent months 

the disease is rapidly progressive, with skin thickening 

extending to the dorsum of the hands and forearms and the 

development of finger joint contractures. 

Palpable tendon or bursal friction rubs at this stage 

strongly predict subsequent progression to dcSSc, with skin 

thickening above the elbows and knees (Medsger, 2003). 

Internal organ dysfunction is frequent in early dcSSc, 

most often occurring during the first 3 years of disease 

(Steen and Medsger, 2000). This is the disease stage most 

frequently considered to have an inflammatory component, 

as evidenced by the histological finding of mononuclear cell 

infiltrates in affected skin (Roumm et al, 1984).

Late dcSSc
The transition from early to late dcSSc occurs when skin 

thickening has reached a peak and begun to regress. The 

intermediate stage of dcSSc has no defining characteristics. 

Cutaneous improvement almost always begins in areas that 

have been affected most recently, for example, the chest and 

abdomen. Improvement in skin thickening is accompanied 

by the improvement or disappearance of fatigue, pruritus, 

arthralgias and tendon friction rubs. Thus disease activity 

(inflammation) is replaced by damage (fibrosis).

After several years, telangiectasias may appear, and after 

many years, some patients develop calcinosis. Improvement 

in skin thickening is often impressive, leaving only residual 

sclerodactyly. It is not uncommon for a patient with late 

dcSSc to be misdiagnosed as having lcSSc. A history of 

prior dc distribution skin changes, the presence of finger 

joint contractures and serum autoantibody results typically 

associated with dcSSc suggest that such patients initially had 

dcSSc. Late exacerbations of skin thickening may occur, but 

they are uncommon.

Internal organ involvement first identified in early dcSSc 

may worsen during late dcSSc even though skin thickness 

has improved. For example, interstitial lung disease first 

diagnosed in early SSc may progress later in the course of 

disease. Increases in the severity scores for individual organs 

in late dcSSc are typically due to the progression of fibrosis 

which interferes with organ function rather than due to an 

active inflammatory process. New internal organ compli-

cations seldom occur in late dcSSc unless there has been a 

preceding skin thickness increase.

Early lcSSc
Little objective information has been published on early 

lcSSc because few people in this disease stage seek medical 

attention. They most frequently have Raynaud’s phenom-

enon, with or without digital tip ulcers, and puffy fingers 

for years (or sometimes decades) before other clinical mani-

festations of SSc occur. Skin thickness can affect the fingers 

and/or face, the dorsum of the hands or distal forearms, but 

does not progress proximally. Constitutional symptoms may 

occur, as can inflammatory arthralgias and joint contrac-

tures, but are less common than in dcSSc. An exception 

is oesophageal involvement, characterised by heartburn 

and/or distal dysphagia for solid foods, which occurs in 

the majority of lcSSc patients within the first 5 years after 

the onset of Raynaud’s phenomenon. Other internal organ 

involvement (lung, heart, kidney) rarely occurs in early 

lcSSc. Calcinosis and telangiectasias, considered classic 

markers of lcSSc, most often appear only after 5 or more 

years.

Late lcSSc
As with dcSSc, the intermediate stage of lcSSc has no char-

acteristics. In late lcSSc, skin thickness remains restricted 

or regresses. Telangiectasias and calcinosis increase in 

frequency. Telangiectasias are present almost universally 

after longer disease duration. Raynaud’s symptoms, digital 

tip ischaemia and oesophageal complaints remain chronic 

problems. Pulmonary fibrosis can worsen.

The most serious issue in late lcSSc is the appearance 

of PAH, which occurs in up to 10% of patients. A rapid 

increase in dyspnoea on exertion over the course of several 

months is the most common initial symptom. Less frequent, 

but equally ominous, is small bowel involvement with diar-

rhoea, weight loss, malabsorption and recurrent episodes of 

intestinal pseudo-obstruction.

Recent studies on SSc severity criteria
As described above, validated subset classification, activity 

and severity criteria are available. However, despite their 
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usefulness, these criteria have several limitations. To 

improve the care of patients with SSc, the clinician needs 

to initiate optimal early treatment. Severity criteria that aid 

the estimation of prognosis and disease activity criteria that 

indicate active disease could help the clinician in daily prac-

tice. A disease severity scale is useful in assessing disease 

status, both at a given point in time and during evolution 

over time, and may aid evaluation of treatment effects and 

establishment of the prognosis in the individual patient. 

Drawbacks of the Medsger severity scale include the lack of 

a weighting system discriminating more severely ill patients 

from those with more extensive but stable disease. Updating 

of the original severity scale in 2003 has not corrected this 

limitation, and the sensitivity to change of the severity 

scale categories has yet to be established (Vonk et al, 2007). 

The challenge in deciding when to treat, coupled with 

uncertainty of the benefit-to-toxicity ratio of new and old 

treatment strategies, highlight the importance of early iden-

tification of the patient for whom the risk–benefit ratio of 

drug therapy is most favourable (Gelber and Wigley, 2002).

As previously mentioned, disease severity can be defined 

as the sum of both reversible and irreversible components 

of disease at any given time. The Canadian Scleroderma 

Research Group (CSRG) has studied the relationships 

between patient- and physician-reported damage, severity 

and activity in a national multicentre cohort consisting of 

520 SSc patients (Fan et al, 2008). The authors found that 

it is unclear what severity represents, or ought to represent, 

as a concept. Some have felt that severity should represent 

an assessment of prognosis, but this seems not to be a well- 

accepted definition of severity. Others note the tendency of 

measurements of severity to reflect accumulated damage. 

Activity, severity and damage are concepts which cannot be 

completely separated from one another and considered in 

isolation. In the study, activity and severity were strongly 

related, especially in patients with early diffuse SSc, indi-

cating that active disease is strongly associated with worse 

prognosis. In those patients, highly significant associations 

were found between damage and activity, damage and 

severity, and severity and activity, with the latter having 

the highest association. The responsiveness to change of 

the Medsger severity scale has not been formally examined 

(Hudson et al, 2007). In a recent interception cohort of 438 

SSc patients, the Medsger severity scale showed relatively 

few changes (Vanthuyne et al, 2012).

Regarding long-term outcome, Geirsson and co-workers 

have evaluated disease severity, outcome and prognosis in 

patients with SSc according to the modified Medsger severity 

scale (Geirsson et al, 2001). They included 100 consecutive 

patients observed for a period of 14 years. Two-thirds of 

this cohort had lcSSc and the overall mean disease duration 

was 4.8 years. Organ function was evaluated annually. The 

modified severity scale consisted of evaluation of general 

health, skin score, gastrointestinal function, lung function 

and renal function and is shown in table 1.

The authors found that in 70–80% of patients organ 

function remained stable during follow-up, indicating 

that in those patients organ damage had already reached a 

plateau at inclusion. Worsening of organ function occurred 

in 9–11% of patients and those changes were correlated, 

as expected, with increased mortality. In this study 30 

patients died. Compared with survivors, the non-survivors 

were older and had a greater total skin score, reduced lung 

volumes and lung compliance, lower glomerular filtration 

and abnormal electrocardiograms. This study lacked early 

diffuse SSc patients who should be similarly studied in the 

future (Geirsson et  al, 2001). Regarding the prediction of 

early versus late mortality, Derk and co-workers found in 

a cohort of 87 deceased SSc patients that, according to the 

Medsger severity score, there was more severe muscle and/or 

heart involvement at presentation in the patients who died 

early, that is within 2 years of diagnosis (Derk et al, 2012). In 

the same population, the presence of anticentromere auto-

antibodies seemed to prevent early death (Derk et al, 2012).

In light of these and older data which suggest patients 

with lcSSc have a distinct survival advantage compared with 

those with dcSSc, it would be worthwhile to stratify patients 

by disease type and then examine severity scores within 

these subtypes. Furthermore, inclusion of biomarkers such 

as autoantibodies and cytokines could improve the severity 

index since the association between different autoantibodies 

and prognosis has been well established (Gelber and Wigley, 

2002).

Hudson and co-workers have studied the discordance 

between patient and physician assessments of disease severity 

in SSc using a multicentre cohort of 742 Canadian patients 

and 61 US patients for confirmation (Hudson et  al, 2010). 

They found that skin score, shortness of breath and pain were 

significant predictors of both patient and physician global 

assessments of disease severity, but their effects on assessments 

differed between patients and physicians. This study showed 

that patient-reported severity allowed for more aspects of 

disease to be captured than physician-reported assessments. 

Although definitive validation of patient and physician global 

assessments of disease severity in SSc has yet to be completed, 

this study suggests that the two measurements may provide 
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complementary data and that both should be considered 

as outcome measures in SSc. Drawbacks of this study were 

the median disease duration of 10 years and the exclusion of 

extremely ill patients. The results are therefore not generalis-

able to the full spectrum of SSc.

More recent research including nailfold capillaroscopy 

indicated that there is an association between base-

line nailfold capillaroscopic patterns and future severe, 

peripheral vascular and lung involvement, especially in 

those patients in whom capillaroscopic changes are seen 

to progress (Smith et  al, 2012). In a recent study on the 

association of restrictive lung disease, autoantibodies and 

skin involvement, Cottrell and co-workers found that 

scleroderma is associated with increased mortality and 

that the degree of skin involvement in association with 

autoantibody status can be an early predictor of survival 

(Cottrell et al, 2014). Although follow-up data on nailfold 

capillaroscopy are limited, reduction of the number of 

capillaries seems to be associated with worsening of the 

Medsger severity score (Avouac et al, 2017).

The skin thickness progression rate, defined as the 

modified Rodnan skin score at the first visit divided by the 

duration of skin thickening (reported by the patient), was 

shown to be an independent predictor of mortality at 1 year, 

as was age >55 years, cardiac involvement and the presence 

of tendon friction rubs (Domsic et al, 2011).

In conclusion, more recent research has shown that the 

currently available severity criteria could be improved by 

including patients with early disease, possibly by strati-

fying different SSc subsets and including biomarkers and 

autoantibodies as well as both patient- and physician- 

reported severity. The role of other clinical measurements 

has yet to be established.
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Introduction
Systemic sclerosis (SSc) is a connective tissue disease that 

is characterised by fibrosis, vasculopathy and autoimmu-

nity (Abraham et al, 2009; Gabrielli et al, 2009). Antinuclear 

antibodies (ANA) are a hallmark of the disease. There are 

two different subgroups of the disease. In the limited cuta-

neous form of SSc (lcSSc) vasculopathy is the predominant 

feature that causes Raynaud´s phenomenon, acral ulcer-

ations and pulmonary arterial hypertension. Commonly, 

tissue fibrosis is limited to the distal parts of the body. In 

diffuse cutaneous SSc (dcSSc), fibrosis may affect the skin 

proximal to the elbows. Both forms of SSc cause increased 

morbidity and mortality, but early and late pathogenic 

events might profoundly differ between them. The current 

concept of the pathogenesis of SSc postulates a triad of 

inflammation attributed to humoral and cellular immune 

abnormalities, vasculopathy and fibrosis. The specific role 

of autoimmunity may be in initiating and/or perpetuating 

the disease, or it may be a bystander; further investigation 

is needed. The pathogenesis of SSc can be subdivided into 

an early predominantly inflammatory phase and a late more 

fibrotic phase, in which the inflammatory infiltrates have 

largely resolved. Early in disease pathogenesis, an increase in 

reactive oxygen species, inflammation and vascular changes 

play pivotal roles. After inflammation has subsided, fibrosis 

and scarring are predominant in later phases. The disease 

is driven by a complex, not-yet fully understood interplay 

between inflammatory cells on the one hand and endothe-

lium and fibroblasts on the other. The latter are regarded 

as the key players due to their extensive synthesis of extra-

cellular matrix (ECM) components which results in skin 

and organ fibrosis. Various cytokines orchestrate altered 

functions of the mentioned cell types. Among these, trans-

forming growth factor β (TGFβ), platelet derived growth 

factor (PDGF) and connective tissue growth factor (CTGF) 

are considered as important mediators (Abraham, 2008). 

Genetic susceptibility
The current general aetiologic concept of SSc postulates 

that genetically predisposed individuals encounter envi-

ronmental triggers or other stochastic factors that lead to 

the loss of immune tolerance which drives the activation 

of profibrotic mechanisms. Various research approaches 

have focused on the genetic susceptibility of individuals 
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•	 To know the profibrotic mediators involved in SSc.

•	 To understand the cytokines and growth factors involved in the activation of SSc fibroblasts.
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as epidemiologic differences between ethnic groups and 

genders suggest a genetic predisposition (Allanore et  al, 

2010). In general, autoimmune disorders are believed to 

share a pre-disposing genetic background. Therefore it 

needs to be determined which of the conditions that are 

attributed to autoimmune disorders in particular increase 

the risk of SSc. Major contributions were made by exper-

iments using genome-wide screening technology, which 

identified specific nucleotide polymorphisms (SNPs) in 

HLA-DPB1 and/or -DPB2 and in genes that are involved 

in inflammation, regulation of endothelial cell function or 

the composition of the extracellular matrix such as cyto-

kines like interleukin (IL)-1β, growth factors like CTGF, 

surface proteins like CD247, transcription factors like 

STAT4, IRF5 and TNIP1 or extracellular matrix compo-

nents like fibrillin. A proteome-wide analysis showed 

that serum levels of CXCL4, an antiangiogenic chemo-

kine signalling through integrin-dependent mechanisms 

and inducing the expression of thrombospondin-1, are 

elevated in SSc patients and correlate with the presence 

and progression of complications, such as lung fibrosis 

and pulmonary arterial hypertension (van Bon et  al, 

2014). CXCL4 exposure of murine skin leads to the infil-

tration of immune cells.

Vascular damage in SSc
Vasculopathy in SSc is characterised by endothelial cell 

damage and increased vascular tone. Vascular injury is 

believed to be the first event in the pathogenesis of SSc 

(Abraham et al, 2009; Gabrielli et al, 2009). This hypothesis 

may be supported by the fact that Raynaud´s phenomenon 

precedes further disease manifestations like overt skin 

fibrosis by several years in patients with limited SSc, and 

is also the most frequent first disease-related symptom in 

patients with diffuse SSc. Consistently, nailfold capillaros-

copy is a measure to detect microvascular changes in very 

early disease stages. Dilated capillaries, rarefaction of capil-

laries and microhaemorrhages due to capillary damage are 

typical early findings in SSc. In the periphery, apoptosis of 

microvascular endothelial cells in dermal capillaries appears 

to be the earliest pathophysiological event preceding capil-

lary breakdown and skin fibrosis. The pathophysiological 

cascade of vascular damage prior to developing fibrosis was 

also supported by the UCD200 chicken model in which 

endothelial cell death occurred before tissue fibrosis (Beyer 

et al, 2010). Consistently, vascular changes with prolifera-

tion of vascular smooth muscle cells in pulmonary arteries 

and loss of capillaries precede dermal and pulmonary 

fibrosis in Fra2-transgenic mice, which serve as a model of 

vascular disease and fibrosis (Maurer et al, 2009).

To date, little is known about the causal agent that initi-

ates the progressive vascular damage (Guiducci et al, 2008; 

Manetti et al, 2010). Chronic inflammation is considered a 

major contributing factor to vascular injury. Perivascular 

inflammatory infiltrates, consisting of T cells and macro-

phages in the early phase of the disease, indicate that an 

aberrant immune response is activated. In a vicious circle, 

inflammatory cells, endothelial cells and platelets are acti-

vated to secrete proinflammatory cytokines and growth 

factors such as IL-6, monocyte chemoattractant protein-1/

chemokine (C-C motif) ligand-2 (MCP-1/CCL-2) and 

PDGF that drive further accumulation of inflamma-

tory cells and the proliferative vasculopathy. Therefore, 

vascular damage and inflammation seem to be self- 

perpetuating as vascular damage drives inflammatory 

activity and vice versa. In the course of vascular changes, 

progressive loss of endothelial cells occurs due to induction 

of apoptotic cell death. Apoptosis of endothelial cells with 

subsequent loss of capillaries results in impaired tissue 

supply with oxygen and nutrients, and may lead to trophic 

changes such as fingertip ulcers. The resulting hypoxia 

itself contributes independently to progression of fibrosis. 

Moreover, compensatory repair mechanisms seem to be 

ineffective in SSc. Although there is an increase in pro- 

agiogenic factors such as vascular endothelial growth 

factor (VEGF) and some evidence for increased mobili-

sation of endothelial progenitor cells in the early stage of 

SSc, sufficient formation of new vessels does not occur 

and the impaired blood flow cannot be compensated.

The release of profibrotic mediators from acti-

vated platelets might provide a pathophysiological link 

between vascular injury and fibroblast activation (Dees 

et  al, 2011a). Several studies suggest that platelets are 

activated in SSc probably by the exposure of subendo- 

thelial ECM components in damaged vessels. On acti-

vation, platelets release several profibrotic mediators 

including TGFβ, PDGF and in particular large amounts 

of serotonin. Indeed, the levels of serotonin are elevated 

in SSc. Serotonin potently stimulates the release of 

collagen from fibroblasts. These effects are mediated 

exclusively by the 5-hydroxytryptamine 2B (5-HT2B) 

receptor, which is over expressed in SSc skin. Thus, the 

activation of platelets following vascular injury might 

directly contribute to the activation of fibroblasts and to 

the progression of fibrosis in SSc.
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Role of the immune system and 
autoimmunity in SSc

SSc as Th2/Th17-driven autoimmune 
disorder
Autoimmunity is perceived as a further hallmark of the 

pathogenesis of SSc (Sakkas et  al, 2006; Gabrielli et  al, 

2009). Activation of the immune system is an early event 

in SSc, but it is not known whether it is the primary event 

or an epiphenomenon of endothelial damage. Perivas-

cular inflammatory infiltrates are seen very early in the 

disease indicating that chronic and persistent inflammation 

contributes to the pathogenesis. Consistently, inflamma-

tion appears in SSc skin very early, before fibrosis becomes 

evident. It is believed that cytokines derived from inflam-

matory cells trigger ECM production by SSc fibroblasts in 

the early phase of the disease. Interestingly, key profibrotic 

factors like TGFβ, MCP-1 or CTGF are not only expressed 

by inflammatory cells, but also by resident cells such as 

keratinocytes, endothelial cells and fibroblasts themselves. 

This over expression in resident cells continues even after 

the inflammatory infiltrates have disappeared. While the 

mechanisms for this uncoupling of profibrotic factors from 

inflammatory infiltrates are poorly understood, the contin-

uous stimulation may directly contribute to the development 

of the phenotype of SSc fibroblasts with persistent autono-

mous activation, even in the absence of exogenous stimuli. 

Inflammatory infiltrates in SSc skin are limited in 

number and are predominantly composed of T cells, macro-

phages and mast cells (Sakkas et al, 2006). B cells are found 

to a lesser extent. 

CD4+ T cells are reported to appear more often than 

CD8+T cells. Numerous studies have suggested that the 

Th2 response is a key driver of progressive fibrosis (Sakkas 

et al, 2006). Th2 responses are defined by the production of 

IL-4, IL-5 and IL-13. All three cytokines have been linked to 

the development of fibrosis. IL-13 has emerged as a domi-

nant mediator of fibrotic tissue remodelling by stimulating 

the proliferative properties of fibroblasts, epithelial cells 

and smooth muscle cells. IL-13 is also secreted by activated 

type 2 innate lymphoid cells (ILC2s). Activated ILC2s are 

upregulated in the fibrotic skin of SSc patients and their 

frequencies positively correlate with disease phenotype and 

the extent of skin thickening (Wohlfahrt et al, 2016). The 

role of ILC2s in fibrotic diseases is still incompletely under-

stood; however, an increasing body of evidence suggests 

targeting of ILC2 as a new potential target for treatment 

strategies of a broad range of fibrotic diseases. Serum levels 

of IL-4 are increased in SSc-patients. IL-4 is not only an 

important regulator of the humoral immune response as 

it steers B cell activation and antibody production, but it 

also stimulates the proliferation of fibroblasts, enhancing 

collagen production and differentiation into α-smooth 

muscle actin (SMA) expressing myofibroblasts. Further, 

IL-4 induces the production of other profibrotic mediators 

like TGFβ and CTGF. Treatment of tight skin (TSK) mice 

with anti IL-4 antibodies results in reduced skin fibrosis. 

However, due to the pleiotropic effect of IL-4 an anti-IL-4-

treatment might remain limited to experimental conditions. 

There are conflicting data regarding Th1-derived cytokines 

such as interferon γ (IFNγ) or tumour necrosis factor α 

(TNFα). IFNγ was shown to act as an antagonist of IL-4 

suggesting a potential anti-fibrotic effect. IFNγ inhibits 

collagen production and the expression of α-SMA in both 

fibroblasts and mouse models of SSc. However, IFNγ was 

not effective in the treatment of SSc, as skin scores and 

collagen levels were not markedly improved on IFNγ treat-

ment. TNFα frequently acts synergistically with IFNγ and 

is a potent proinflammatory mediator. TNFα was detected 

in the skin of SSc patients, but not in healthy individuals. 

Moreover, TNFα levels are increased in the sera and bron-

choalveolar lavage (BAL) fluids of SSc patients. Data from a 

retrospective analysis indicate that treatment with the TNFα 

antagonists may improve inflammatory joint disease in SSc 

patients. However, TNFα has direct antifibrotic effects on 

fibroblasts, which are independent of its proinflammatory 

features; therefore treatment of SSc-patients with TNFα 

antagonists might contribute to aggravating fibrosis. Hence, 

the role of TNFα in SSc remains contradictory and may be 

clarified by future studies. The identification of new subsets 

of T cells distinct from Th1 and Th2 cells improved our 

understanding of T cell driven fibrosis. Th17 cells have been 

implicated in the pathogenesis of fibrotic diseases (Wynn 

et  al, 2012). IL-17A is associated with persistent neutro-

philia contributing to the development of tissue damage 

and fibrosis; however, the role of IL-17 during fibrotic 

tissue remodelling is still a matter of debate. Regulatory T 

cells (Tregs) are induced in a variety of fibrotic diseases, 

although their role in tissue fibrogenesis is less clear. Tregs 

could suppress Th2- and Th17-driven fibrosis but exacer-

bate TGFβ-dependent fibrosis.

IL-6 is a proinflammatory cytokine with pleiotropic 

functions. Different factors such as IL-4, TNFα or PDGF 

enhance the production of IL-6 by dermal fibroblasts 

(Abraham et al, 2009; Sakkas, 2016). SSc fibroblasts release 

increased amounts of IL-6, and staining for IL-6 is detected 
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in endothelial cells and fibroblasts in the skin of SSc 

patients. Although direct evidence for stimulatory effects of 

IL-6 on the release of collagen is limited, there is increasing 

evidence that IL-6 induces fibroblast collagen production 

indirectly by inducing profibrotic M2 macrophages. Case 

reports and a phase II randomised trial in SSc have shown 

some improvement of skin tightness and delayed deteriora-

tion of lung function. 

As mentioned, the continuous stimulation of fibroblasts 

by profibrotic cytokines may result in autonomous activa-

tion of SSc-fibroblasts (Sakkas et  al, 2006). Accordingly, 

it was shown that SSc fibroblasts endogenously express 

high levels of IL1α which in turn stimulate the produc-

tion of profibrotic mediators such as IL-6 and PDGF in 

an autocrine manner. Explanted fibroblasts continue to 

release—albeit moderately—increased levels of extracel-

lular matrix proteins for several passages as compared with 

healthy control fibroblasts.

B cells in SSc
B cells represent the minority of cells in the inflammatory 

infiltrates in SSc skin. However, the presence of autoanti-

bodies in sera of almost all SSc patients suggests that B cells 

are essentially involved in the pathogenesis of SSc (Sakkas 

et al, 2006; Abraham et al, 2009). Most of the B cells found 

in SSc skin display the activation marker CD19 that is a 

critical cell-surface signal transduction molecule and the 

most potent positive regulator of B cell activity. The state 

of enhanced intrinsic B cell activation might contribute to 

the loss of immunologic tolerance and to the formation of 

autoantibodies. Moreover, chronic abnormal B cell activity 

results in imbalance of cytokines which may induce both 

Th2-predominance and fibrosis. It is well-known that acti-

vated B cells are a source of IL-6 and IL-10 which both 

stimulate fibroblast proliferation and collagen synthesis. 

Th2 predominance leads to enhanced IL-4 levels which 

induces TGFβ. 

SSc-related autoantibodies 
A major finding that might indicate a pathophysiological 

role of B cells is the presence of ANA and other auto- 

antibodies in SSc-patients (Abraham et al, 2009; Gabrielli 

et  al, 2009). Although most autoantibodies measured to 

date, such as anti-topoisomerase I (anti-Scl70) antibodies 

or anti-centromere antibodies (ACA), have not yet been 

directly linked to the molecular pathogenesis of SSc, some 

recently identified autoantibodies may directly contribute 

to the progression of the disease. Anti-endothelial cell 

autoantibodies (AECA) might induce apoptosis in endo-

thelial cells. However, these antibodies may also be an 

epiphenomenon following endothelial cell death. Other 

kinds of cell-directed autoantibodies are the anti-fibroblast 

antibodies that have been shown to induce an activated 

fibroblast phenotype. A pathophysiological role might be 

attributed to stimulatory autoantibodies against the PDGF 

receptor (PDGFR) which stimulate collagen synthesis 

and production of reactive oxygen species after binding. 

Although the up-regulation of anti-PDGFR autoantibodies 

in SSc has not been observed by other groups, probably due 

to different detection methods and the instability of these 

autoantibodies, they might be a link between the immune 

system and fibrosis. Further, antibodies to the angiotensin 

II type 1 receptor (AT1R) and endothelin-1 type A receptor 

(ETAR) which induce a profibrotic response in fibroblasts 

were detected in the sera of SSc patients. In addition to 

their stimulatory effects on fibroblasts, these autoanti-

bodies also correlated with vascular manifestations and a 

worse disease outcome. Therefore, the activation of auto-

reactive B cells in the early disease stage leading to the 

production of stimulating autoantibodies might contribute 

to the abnormal autonomous activity of fibroblasts as well 

as vascular damage and vascular remodelling in the later 

phase. However, none of these stimulatory autoantibodies 

has been shown to be specific for SSc and their role in the 

pathophysiology needs further studies.

Fibrosis
Fibrosis results from excessive ECM production by 

abnormal fibroblasts and is the obvious hallmark of SSc 

(Abraham et al, 2009; Gabrielli et al, 2009). ECM consists 

of protein components such as collagen and proteoglycans. 

Under physiologic circumstances, the amount of ECM is 

kept in balance by tight regulation of two different param-

eters: (1) the release of collagen from fibroblasts; and (2) by 

degradation of ECM by matrix metalloproteinases (MMPs) 

and other matrix degrading enzymes. In SSc, the balance 

is disturbed due to an excessive synthesis of collagen by 

SSc fibroblasts, which is not adequately compensated by an 

increase in collagenase activity. 

Profibrotic mediators
TGFβ is a pluripotent growth factor with a myriad of 

different effects. TGFβ plays a role in many physiological 

processes such as embryogenesis or wound healing, but is 
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also involved in pathological conditions like breast cancer. 

The growth factor is produced by many cells that are relevant 

for the pathogenesis of SSc including fibroblast, platelets, 

endothelial cells and different subsets of lymphocytes. 

As TGFβ stimulates fibroblasts to produce and contract 

ECM, it is considered to be one of the master regulators of 

fibrotic responses (Varga and Whitfield, 2009). In fibro-

blasts obtained from SSc patients, components of the TGFβ 

signalling pathway are altered resulting in an autocrine 

TGFβ stimulation, which induces the synthesis of collagens 

as well as the production of other ECM components. The 

transcription of collagen I and of up to 60 different ECM 

genes was shown to be regulated by Smad-dependent TGFβ 

signalling. The transdifferentiation of fibroblasts to myofi-

broblasts is also driven by TGFβ. TGFβ also induces the 

production of other profibrotic mediators such as CTGF 

that is considered to be another key mediator of fibrosis in 

SSc. CTGF induces proliferation and production of ECM 

components by fibroblasts and endothelial cells. Further, 

CTGF serves as a chemoattractant to mesenchymal cells. 

Several studies have revealed that CTGF induces profi-

brotic genes including collagen type I synergistically with 

TGFβ. Consistently, CTGF was found to be over expressed 

in both SSc skin as well as animal models of SSc. Both skin 

biopsies obtained from SSc patients contain significantly 

higher levels of CTGF compared with healthy controls and 

increased amounts of CTGF are released from SSc fibro-

blasts. 

A key role of canonical Wnt pathway has been identi-

fied in TGFβ-driven fibrosis (Akhmetshina et  al, 2012). 

TGFβ-signalling decreases the expression of the Wnt antag-

onist Dickkopf-1 (Dkk-1) in a p38-dependent manner and 

activates the Wnt pathway. Inhibition of canonical Wnt 

signalling by over expression of Dkk-1 potently reduces the 

profibrotic effects of TGF-β.

Members of the nuclear receptor family are increasingly 

recognised as regulators of tissue injury and repair and 

fibrosis. Recently, orphan nuclear receptor 4A1 (NR4A1) 

has been identified as a key checkpoint for controlling 

TGFβ signalling and fibrogenesis (Palumbo-Zerr et  al, 

2015). Lack of active NR4A1 in fibrotic diseases leads to 

persistent activation of TGFβ signalling. Other members of 

the superfamily of nuclear receptors have also been linked 

to the pathogenesis of fibrosis. Nuclear receptors LXRs were 

identified as novel therapeutic targets for fibrotic diseases 

as their activation has potent antifibrotic effects in different 

experimental models of fibrosis by suppressing macro-

phage infiltration and decreased release of IL-6 (Beyer et al, 

2015). PXRs function as ligand-activated transcriptional 

regulators. Activation of PXR interferes with IL-13 release 

from Th2 cells, which leads to decreased TGFβ signalling 

and reduced fibroblast activation. Pharmacological activa-

tion of PXRs by 5-pregnen-3β-ol-20-one-16α-carbonitrile 

(PCN) prevents dermal fibrosis in the mouse model of 

bleomycin-induced skin fibrosis (Beyer et al, 2013). More-

over, the constitutive androstane receptor (CAR) enhances 

the profibrotic effects of TGFβ and exacerbates experi-

mental fibrosis. Finally, peroxisome proliferator-activated 

 receptor-γ (PPARγ) is downregulated in SSc and its activa-

tion by selective PPARγ-agonists inhibits TGFβ signalling 

in vitro and in vivo.

PDGF is important for many physiological processes 

such as wound healing, but it is also implicated in patho-

logical conditions, as PDGF was found to be a key mediator 

in pulmonary arterial hypertension and pulmonary fibrosis 

(Gabrielli et al, 2009). Macrophages and platelets are major 

sources of PDGF, but other cell types such as fibroblasts 

also release PDGF. PDGF and PDGF-R are expressed in SSc 

skin as shown by immunohistochemical staining, whereas 

these molecules are undetectable in the skin of healthy indi-

viduals. Conditional activation of the PDGF-Rα in mice 

causes fibrosis of skin and internal organs.

Fibroblasts: key players of fibrosis in SSc
Under normal conditions, fibroblasts maintain the compo-

sition of the ECM by releasing structural components such 

as collagens and fibronectin as well as by regulation of the 

ECM degradation by secretion of proteases such as collage-

nases (Abraham et al, 2009; Gabrielli et al, 2009). During 

wound healing, fibroblasts become transiently activated and 

then return back to quiescence after the wound has healed 

and inflammatory and profibrotic stimuli have subsided. 

In contrast, fibroblasts obtained from SSc patients remain 

persistently activated and produce increased amounts of 

ECM even in culture. These properties are partially intrinsic 

to the fibroblasts as no additional stimulating factors 

are needed to provoke the activated state in cell culture 

conditions. Myofibroblasts represent the highly activated, 

contractile phenotype of fibroblasts and are characterised 

by the expression αSMA which constitutes stress fibres. In 

physiological conditions the presence of myofibroblasts is 

limited to the period of wound healing and formation of 

the scar. The persistence of myofibroblasts as in a state of 

chronic wound healing is a typical finding of SSc skin. The 

numbers of myofibroblasts is increased in the skin of SSc, 
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which has also been shown to correlate with the intensity of 

skin involvement.

Autocrine activation of TGFβ has been identified as 

one mechanism for the endogenous activation of SSc 

fibroblasts (Varga et al, 2009). SSc fibroblasts over express 

TGFβ- receptors which correlate with increased levels of 

collagen mRNA. Additionally, SSc fibroblasts respond 

to TGFβ stimulation by upregulation of PDGF- and 

CTGF-receptors. Moreover, the Smad7-Smurf mediated 

negative regulation of TGFβ signalling seems to be defec-

tive in SSc fibroblasts.

In addition to TGFβ signalling, the canonical Notch 

pathway has recently been implicated in the pathological 

activation of SSc fibroblasts (Dees et  al, 2011b). Notch 

signalling is persistently activated in SSc fibroblasts, even 

after several passages in vitro, and inhibition of notch 

signalling reverses the activated phenotype of SSc fibro-

blasts. Another possibility might be that SSc fibroblasts 

encounter epigenetic changes to escape mechanisms that 

keep ECM production in balance in physiologic conditions. 

Epigenetics refers to all heritable changes in phenotype or 

in gene expression states, including chromatin remodelling, 

DNA methylation, histone modification and RNA interfer-

ence, which are not involved in the DNA sequence itself. It 

has been shown that downregulation of the transcription 

factor Fli1 and of SOCS-3 by promoter methylation lead to 

increased collagen synthesis in SSc fibroblasts (Trojanowska, 

2010). Such genetic alterations might account for the 

abnormal fibroblast phenotype in the later disease stage. In 

addition, post-transcriptional modifications by microRNA 

might contribute to the intrinsic upregulation of extra-

cellular matrix production in SSc. The microRNA family 

miR-29 is downregulated in SSc skin and fibroblasts which 

results in increased collagen synthesis by SSc fibroblasts 

and might contribute to fibrogenesis (Maurer et al, 2010).
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Summary points

•	 The pathophysiological events in systemic sclerosis (SSc) can be subdivided into an early, more 

inflammatory phase and a later, predominantly fibrotic phase.

•	 The current concept of the pathogenesis of SSc postulates a triad of inflammation attributed to 

humoral and cellular immune abnormalities, vasculopathy and fibrosis.

•	 Vascular injury is believed to be the first event that may precede further disease manifestations 

by years.

•	 Cellular and humoral immunological abnormalities are an important condition in SSc. Perivascular 

inflammatory infiltrates are found early in the disease.

•	 Antinuclear antibodies (ANA) and other autoantibodies are a characteristic finding in SSc patients.

•	 Fibrosis is the obvious hallmark of SSc. Aberrantly activated fibroblasts account for excessive 

extracellular matrix (ECM) synthesis leading to skin and organ fibrosis.

•	 Several cytokines and growth factors orchestrate the abnormal activation of SSc fibroblasts. 

•	 Molecular mechanisms underlying the autonomous fibroblast activation are still not completely 

understood and are currently intensively studied to develop antifibrotic therapies.

•	 Studies on genetic predisposition and epigenetic changes might reveal promising future 

therapies.
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Introduction
Scleroderma (systemic sclerosis, SSc) is to a large extent 

defined by its distinct vasculopathy. Disorganised micro-

vasculature and vascular dysfunction occur early and are 

amplified during the disease course. Frequently, the vascular 

features are present before the onset of tissue fibrosis, 

suggesting that the vasculopathy is an essential prerequisite 

for the development of the disease. It is clear that endothe-

lial cells (ECs) are the main target cells in this disease and 

that the interactions of ECs with other cells and pathways, 

including the innate and adaptive immune system, platelets 

and coagulation factors, smooth muscle cells (SMCs) and 

fibroblasts, are directly involved in disease pathogenesis. 

Vascular involvement in SSc includes a spectrum of 

changes that predominantly affect the microcirculation. The 

pathologic changes range from EC activation with enhanced 

inflammatory properties of the cells to microvascular EC 

apoptosis leading to capillary destruction and devascular-

isation of the tissues. Subsequent intimal proliferation and 

luminal occlusion of the arterioles lead to a state of chronic 

organ ischaemia (figure 1). The current hypotheses in SSc 

vascular pathogenesis suggest an offending environmental 

factor(s) that elicit direct EC injury or lead to immune acti-

vation that results in vascular injury mediated by one of 

many immunologic effector mechanisms. 

7 Vascular disease in systemic 
sclerosis

Bashar Kahaleh, Serena Guiducci

Learning objectives:

•	 To understand the central role for endothelial injury in the development of systemic sclerosis 

(SSc) vasculopathy.

•	 To understand the mechanisms of vascular dysfunction in SSc.

•	 To understand the relationship of vasculopathy to fibrosis.

Figure 1 Cross section of a digital artery from a patient with 

long-standing limited cutaneous systemic sclerosis (SSc). The sec-

tion demonstrates the typical arterial lesion in SSc with normal 

media and dramatic intimal thickening, severe narrowing of the 

lumen and adventitial fibrosis. Masson’s trichrome stain (×120 

magnification).
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Several pathways of EC dysfunction and defective angio-

genesis have been identified (Manetti, 2016; Manetti et al, 

2017). Paradoxically, in SSc significant concentrations 

of intrinsic proangiogenic factors have been found in the 

vasculature or adjacent tissues (Distler et al, 2004; Rabquer 

and Koch, 2012). This evidence is apparently in contrast 

with the main hypothesis that SSc is fundamentally and 

originally characterised by a lack or loss of angiogenesis. 

In fact, the eventual inability to regenerate injured vessels 

may be due to the failure of some angiogenic steps, such as 

lumen formation, vessel maturation or stabilisation. Clearly, 

the persistent endothelial injury may not only switch on 

but also significantly perpetuate this process. Whether 

dysregulated levels of circulating angiogenic or angiostatic 

factors (or both) are a cause or a consequence of an ongoing 

vascular disease is still unknown.

The vascular lesion
The earliest vascular changes in the early oedematous stage 

of the disease consist of opening of the tight junctions 

between ECs, vacuolisation of cytoplasm with an increase 

in the number of basal lamina-like layers, and occasional 

entrapment of lymphocytes and cellular vesicles in the vessel 

wall. Perivascular cellular infiltrates that consist of macro-

phages and T and B cells, with a predominance of CD4+ T 

cells, are frequently seen. EC apoptosis was first described 

on ultrastructural examination of SSc biopsies in the early 

stages of the disease in association with the inflammatory 

stage, suggesting a causal association. It was later noted in 

the University of California at Davis lines 200/206 chickens 

that spontaneously develop disease resembling SSc. 

Large vessel occlusion in SSc is unusual; however, it can 

occur particularly in the ulnar arteries in patients with the 

limited form of SSc and in association with anti-centromere 

antibodies. 

T cells play a significant role in the pathogenesis of 

SSc (Stephanie et  al, 2008). Activated ? and ? T lympho-

cytes (Sakkas et  al, 2002) dominate the inflammatory 

infiltrates in the skin of SSc patients and exhibit signs of 

antigen-driven expansion that precede the development of 

fibrosis (Roumm et al, 1984). Several studies suggest that 

stimulated T cells trigger activation of adjacent fibroblasts 

by direct contact and by paracrine actions of secreted cyto-

kines (Distler et  al, 2006) and provide important stimuli 

that drive collagen synthesis and fibrosis. T cells were also 

found to be necessary for the production of autoantibodies 

in SSc (Kuwana et al, 1995). Thus, it is believed that T cells, 

in response to antigen-driven activation, produce cytokines 

that promote autoantibody secretion and overproduction 

of collagen by fibroblasts leading to tissue fibrosis (Kissin 

et  al, 2003). Th1 and Th17 cytokines are believed to be 

involved in the inflammatory processes in the early stages 

of the disease (Baraut et al, 2010), whereas Th2 cytokines 

are considered pro-fibrotic (Wynn et al, 2004). These latter 

cytokines may be involved at several levels of the fibrotic 

process, since they activate the fibroblasts that differentiate 

into myofibroblasts, and they stimulate extracellular matrix 

(ECM) production and deposition. 

Several studies have demonstrated the presence of CD8+ 

T cells in SSc skin (Fuschiotti et al, 2013) and lungs (Luzina 

et  al, 2003) and that the cells in the lung and peripheral 

blood exhibit an activated phenotype (Lympany et al, 1999) 

and an antigen-driven oligoclonal expansion (Tiev et  al, 

2005). These findings indicate that effector or memory 

CD8+ T cells, or both, are involved in SSc pathogenesis. 

Effector CD8+ T cells may be directly involved in modu-

lating dermal fibrosis in SSc via dysregulated interleukin 

(IL)-13 production (Fuschiotti et al, 2009). Memory T cells 

contain two populations of central memory and effector 

memory cells characterised by distinct homing poten-

tials and effector functions (Sallusto et  al, 1999). Effector 

memory CD8+ T cells are memory cells that have lost the 

lymph node homing receptor CCR7 and CD62L expres-

sion and display characteristic sets of chemokine receptors 

and adhesion molecules required for homing to inflamed 

tissues (Sallusto et  al, 2004). This suggests that effector 

memory CD8+ T cells are critical for organ involvement in 

SSc; however, the pathogenic functions of effector memory 

CD8+ T cells remain incompletely understood. Ayano and 

colleagues showed that upregulated CD226 expression 

on CD8+ T cells is associated with skin and lung involve-

ment, reflects disease severity, and may be involved in SSc 

pathogenesis via the production of cytokines such as the 

profibrotic IL-13 and endothelial cell injury. Blockage of 

CD226 impairs IL-13 production and cytotoxic capacity of 

the CD8+ T cells (Ayano et al, 2015).

Vascular dysfunction in scleroderma
The normal vascular endothelium is a single cell layer that 

is endowed with remarkably diverse functions. ECs regulate 

coagulation and fibrinolysis, vascular permeability, vascular 

tone and surrounding cell metabolism and nutrition. Injury 

to the endothelium in SSc leads to vascular dysfunction 

that is prominent in the early stages of the disease and 
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progressively worsens over time. ECs regulate vascular tone 

by producing vasoconstrictive and vasodilatory molecules. 

Vascular dysfunction can cause an imbalance favouring the 

production of vasoconstrictors. Impaired endothelial-de-

pendent vasodilatation may be due to over expression of 

the endogenous vasoconstrictor endothelin-1 (ET-1) and 

reduced production of the vasodilator nitric oxide (NO).

Endothelin-1
ET-1 is a potent vasoconstrictor produced by the vascular 

endothelium. The circulating levels of ET-1 and its tissue 

concentrations in the lungs, kidneys and liver are elevated 

in SSc. It is intriguing to note that ET-1 induces fibroblast 

proliferation and collagen synthesis, potentially linking 

ET-1 to vascular dysfunction and fibrosis.

Nitric oxide
NO is generated from the conversion of L-arginine to 

citrulline by nitric oxide synthase (NOS). There are three 

NOS isoforms. Two are expressed in the endothelium: 

endothelial nitric oxide synthase (eNOS) that is expressed 

exclusively in ECs and mediates the constitutive release 

of NO; and inducible nitric oxide synthase (iNOS) that is 

expressed in ECs, SMCs, fibroblasts, macrophages and other 

cell types. eNOS plays an important role in maintaining 

vasorelaxation, controlling vascular tone, blood pressure 

and thrombosis. Deficient endothelial dependent relax-

ation in SSc is suggested by impaired maximal responses to 

endothelial dependent vasodilators with normal responses 

to endothelial independent dilators. 

Nature of endothelial injury
The trigger(s) for vascular injury and dysfunction in SSc are 

largely unknown. However, infectious agents, EC cytotox-

icity, activation and apoptosis, autoantibodies, sheer stress, 

and ischaemia/reperfusion injury are among the potential 

contributors. Current hypotheses in the pathogenesis of 

SSc vascular disease implicate a possible microbial trigger 

and an immune activation that lead to vascular injury and 

the generation of progressive occlusive arteriolar disease 

(figure 2). 

Microbial triggers 
Infectious agents may play a role in SSc pathogenesis. A role 

for Helicobacter pylori and parvovirus B19 infections has been 

suggested but the evidence is weak and indirect. The case for 

cytomegalovirus (CMV) infection is more substantial. CMV 

can infect normal ECs and monocytes/macrophages leading 

to dysregulation of the immune system and upregulation 

of fibrogenic cytokines. The evidence suggests that in SSc, 

certain anti-topoisomerase I antibodies recognise the epitope 

VTLGGAGIWLPP contained within the CMV-derived 

UL94 protein that is homologous to the highly expressed EC 

surface protein NAG-2 (tetraspan novel antigen-2). More-

over, affinity purified anti-UL94 peptide antibodies have 

been shown to induce EC apoptosis in vitro, suggesting a 

molecular mimicry mechanism involvement in EC apop-

tosis. The presence of CMV antibodies in SSc sera that could 

potentially interact with autoantigens and the development 

of vasculopathy in animal models of CMV infection provides 

further indirect support for a role for CMV infection in SSc 

pathogenesis.

Endothelial cell apoptosis and 
cytotoxicity
The concept of EC injury in SSc prompted studies to inves-

tigate potential cytotoxic factors in their serum. Some 

studies suggest that the cytotoxic effect of SSc sera on ECs 

is mediated by natural killer (NK) cells and anti-endothelial 

Figure 2 Pathogenesis of system sclerosis (SSc) vasculopathy: en-

dothelial injury and dysfunction is initiated by the actions of free 

radicals, chemical or microbial agents that injure the endothelium 

either directly or indirectly by the induction of immune activation 

and the generation of autoantibodies and activated cellular im-

munity. The vascular injury leads to activation of platelet and co-

agulation pathways that results in vascular microthrombosis. The 

resulting vasculopathy is associated with intimal hyperplasia in the 

small arterioles and the ensuing luminal narrowing results in tis-

sue hypoxia and the generation of the state of chronic ischaemia. 

Released vascular products, in association with hypoxia and ischae-

mia, collectively contribute to the activation of resident fibroblasts 

that in turn perpetuates the vasculopathy by triggering vascular 

wall fibrosis.
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cell antibody. Two different cytotoxic mechanisms can be 

stimulated by NK cells: a granzyme/perforin synergistic 

mechanism, and Fas/FasL interaction. A circulating gran-

ular enzyme, thought to be granzyme A, has been described 

in SSc sera. 

Other studies suggested a role for the Fas/FasL pathway 

in EC cytotoxicity. These studies suggested that the 

effector cells express Fc receptors and are both non-T and 

non-adherent lymphocytes, while the antibody is an immu-

noglobulin G (IgG) with EC specificity that mediates EC 

cytotoxicity via the Fas pathway.

CXCL6 is likely to be involved in endothelial cell apop-

tosis. The association of Fli1 deficiency with CXCL6 

upregulation in ECs further supports the notion that Fli1 

deficiency is a critical predisposing factor of SSc (Taniguchi 

et al, 2017).

Anti-endothelial cell antibodies (AECA) 
Circulating autoantibodies to ECs (AECA) are found in 

44–84% of SSc patients. A greater incidence of AECA is 

found in patients with digital ischaemia or pulmonary 

arterial hypertension (PAH). Interestingly, AECA bind 

distinctly to different micro- and macrovascular EC anti-

gens in SSc patients with associated PAH and idiopathic 

PAH as compared with SSc patients without PAH. The 

different affinities could potentially be used as a predictor 

of more advanced vascular disease in SSc patients. 

AECA binding to ECs leads to activation of the cells with 

increased expression of adhesion molecules. Moreover, a 

role of AECA in the induction of EC apoptosis is suggested 

by findings in the avian (chick) model of SSc. EC apoptosis 

was noted following the transfer of AECA into normal 

chick embryos. SSc sera containing AECA were shown to 

mediate EC apoptosis in vitro. A caspase inhibitor could 

only partially inhibit the apoptosis, suggesting that addi-

tional factors are involved in the induction of apoptosis. 

One such factor may be the ECM microfibrillar protein 

fibrillin. 

Reperfusion and oxidative injury
Ischaemia/reperfusion associated with attacks of Raynaud’s 

phenomenon (RP) leads to reactive oxygen species (ROS) 

generation that may contribute to EC damage through 

peroxidation of lipids, oxidation of proteins or a flawed 

antioxidant defence system. Thus, a significant decrease in 

total plasma antioxidant capacity is noted in SSc patients. 

Moreover, the levels inversely correlate with the severity of 

RP and with capillary loss, suggesting that oxidative stress 

worsens in advanced microvasculature disease. In addition, 

increased levels of oxidative stress markers were reported 

and correlated with the overall severity of the disease. An 

abnormal generation of ROS is thought to contribute to 

SSc, fostering autoimmunity, fibrosis and vascular inflam-

mation. The function of the prototypic damage associated 

molecular pattern, high mobility group box 1 (HMGB1), 

depends on its redox status. Oxidative stress regulates the 

cross-talk between leucocytes and platelets via HMGB1, 

contributing to vessel inflammation in SSc. ROS dramat-

ically increases the ability of extracellular HMGB1 to 

activate blood leucocytes in SSc. This event may contribute 

to the persistence of microvascular injury in SSc (Maugeri 

et al, 2014).

Antibodies to the platelet-derived 
growth factor receptor and generation 
of ROS
Autoantibodies in the sera of SSc patients that interact 

with and activate the receptor for platelet-derived growth 

factor (PDGFR) have been described. Receptor activation 

leads to ROS accumulation in target cells that can poten-

tially account for tissue injury and fibrosis. Furthermore, 

the antibodies are capable of upregulating the transcription 

of α-smooth muscle actin and collagen 1, two genes that 

characteristically are upregulated in SSc fibroblasts.

Epigenetic factors
The field of epigenetics has evolved in the last decade to 

become an indispensable area of research in mechanisms 

involved in the pathogenesis of a host of chronic human 

diseases, including SSc. Epigenetics is defined as heritable 

changes in gene expression that do not involve alterations 

in DNA sequence. There are three main epigenetic mech-

anisms: DNA methylation, histone modification, and 

microRNAs (miRNAs). Epigenetic repression of BMPRII 

expression has been described (Wang and Kahaleh, 2013) 

and is proposed to play a central role in microvascular EC 

(MVEC) vulnerability to apoptosis. The precise aetiology 

of SSc is undetermined, but there is evidence suggestive 

of a connection between environmental factors and SSc 

pathogenesis. In general, harmful environmental factors are 

sensed by the epigenetic regulatory mechanisms that alter 

host gene expression leading to the emergence of a disease 

specific phenotype. The environment can trigger epigenetic 
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regulation that in turn establishes a molecular framework 

linking environmental exposures to genetics, leading to the 

disease process, possibly in a genetically predisposed host. 

Altorok and Kahaleh have explored several lines of evidence 

that confirm substantial epigenetic modifications in SSc, 

particularly in fibroblast (FB), MVECs, B cells and T cells, 

that affect basic pathways that are integral to the pathogen-

esis of SSc such as transforming growth factor β (TGFβ) 

and downstream pathways and Wnt/β-catenin signalling 

pathway (Altorok et al, 2014).

Defective angiogenesis and 
vasculogenesis
An early indicator of vascular damage in SSc is the aber-

rant nailfold capillary changes that appear to reflect a switch 

from an early pro- to a subsequent antiangiogenic process 

(figure 3). In fact, videocapillaroscopy shows a variety of 

these morphological changes including enlarged capillaries, 

formation of bushy capillaries, microhaemorrhages, and a 

variable loss of capillaries with or without avascular areas. 

Despite the reduced capillary density, there is paradoxi-

cally no sufficient angiogenic response in SSc skin. Tissue 

ischaemia leads usually to increased expression of proan-

giogenic growth factors (eg, vascular endothelial growth 

factor (VEGF)), which then initiate angiogenic sprouting 

by inducing vasodilatation, proliferation and migration of 

ECs and stabilisation of the lumen to form new vessels. The 

under perfused state in SSc should encourage neoangio-

genesis, but new capillaries are rarely seen where instead 

there are substantial avascular areas suggesting defective 

angiogenesis and vascular repair pathways. VEGF is one 

of the major proangiogenic regulators and several studies 

have shown that VEGF expression is markedly increased 

in different cell types both in the epidermis and dermis of 

patients with SSc. VEGF exerts its biological functions by 

binding to the tyrosine kinase receptors VEGFR-1 (Flt-1) 

and VEGFR-2 (Flk-1/KDR), both of which are upregulated 

in dermal MVECs in SSc-affected skin.

Moreover, a number of studies have demonstrated that 

circulating levels of VEGF are significantly increased in SSc 

patients throughout different disease stages and correlate 

with organ involvement. However, in SSc, there is no 

evidence of effective angiogenesis, and the disease evolves 

toward a progressive loss of capillary vessels. Collectively, 

this scenario has been regarded as a paradox. A recent study 

showed that the endogenous antiangiogenic VEGF165b 

splice variant is selectively upregulated in SSc skin and 

circulation and that this property is retained in cultured 

dermal MVECs isolated from patients’ skin; moreover, the 

profibrotic TGFβ1 and SRp55 splicing factor contribute to 

the switch from proangiogenic to antiangiogenic VEGF 

isoforms and the constitutive overexpression of antiangio-

genic VEGF165b leads to impaired VEGFR-2 downstream 

signalling and capillary morphogenesis in SSc. Other studies 

demonstrated diminished angiogenic responses to VEGF in 

association with significant down regulation of miR-126 in 

SSc-ECs. Inhibition of miR-126 in control-ECs resulted in 

impaired responses to VEGF, whereas forced expression 

of miR-126 in SSc-ECs upregulated VEGV responses and 

normalised the angiogenic potential of SSc-ECs. The data 

suggest that down regulation of miR-126 plays a major role 

in impaired angiogenesis potential of SSc-ECs (Wang and 

Kahaleh, 2013).

The expression of the cell-associated urokinase-type plas-

minogen activator (u-PA)/u-PA receptor (u-PAR) system 

is a critical step in the angiogenic process. MVECs from 

SSc patients showed u-PAR truncation between domain 1 

and 2, a cleavage that is known to impair u-PAR functions. 

Furthermore, the u-PAR cleavage in SSc MVECs is asso-

ciated with overexpression of matrix metalloproteinase-12 

(MMP-12). Overproduction of MMP-12 by SSc MVECs 

accounts for the cleavage of u-PAR and the impairment of 

angiogenesis in vitro and may contribute to reduced angio-

genesis in SSc. The same authors have shown that in SSc 

MVECs uPAR cleavage results in loss of an integrin-me-

diated uPAR connection with the actin cytoskeleton. The 

Figure 3 Nailfold capillaroscopy (×200). (A) Normal nailfold capillaros-

copy pattern. (B) Early scleroderma pattern shows well-preserved 

capillary architecture and density and presence of dilated and gi-

ant capillaries. (C) Active scleroderma pattern shows frequent giant 

capillaries and haemorrhages, moderate loss of capillaries, and dis-

organisation of capillary architecture. (D) Late scleroderma pattern 

shows severe capillary architecture disorganisation with dropouts, 

presence of arborised capillaries, and absence of giant capillaries.
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uncoupling of cleaved uPAR from β2 integrins impairs the 

activation of the small Rho GTPases Rac and Cdc42, thus 

inhibiting their mediation of uPAR-dependent cytoskeletal 

rearrangement and cell motility, and ultimately block the 

integrin-engagement delivered signals to the actin cytoskel-

eton resulting in loss of angiogenesis.

Gene expression levels of pro- and antiangiogenic 

factors have been analysed in microarray studies which 

compared the transcriptosome profiling of dermal MVECs 

isolated from normal individuals and SSc patients. One 

microarray gene expression study detected differences 

between normal and SSc-MVECs in the kallikrein gene 

family. Pro-angiogenic kallikreins 9, 11 and 12 were 

down-regulated in SSc-MVECs, whereas antiangiogenic 

kallikrein 3 was up-regulated. Tissue kallikrein (also 

known as kallikrein 1 or ‘true’ tissue kallikrein) is a serine 

protease that cleaves kininogen and thereby regulates the 

kininogen−kinin pathway. Tissue kallikrein synthesised at 

the vessel level acts through kinins which modulate a broad 

spectrum of vascular functions, playing an important role 

in the regulation of vascular homeostasis and angiogen-

esis. Del Rosso et al found that tissue kallikrein is increased 

in the serum of SSc patients, particularly in those with 

signs of early and active vascular disease, suggesting a 

role in the development of SSc microvascular abnormal-

ities. Moreover, another study documented a progressive 

decrease of tissue kallikrein expression in dermal MVECs 

of SSc skin from the early to the advanced disease stage. A 

second microarray gene expression study has shown that 

SSc-MVECs overexpress a number of proangiogenic tran-

scripts but also a variety of genes that have a negative effect 

on angiogenesis. Therefore, the authors proposed dermal 

SSc MVECs as ‘a model of antiangiogenesis’. In particular, 

the angiogenesis inhibitor pentraxin-3 (PTX3), which is 

known to inhibit the proangiogenic effects of fibroblast 

growth factor 2 (FGF-2), was strongly upregulated in 

SSc MVECs compared with control MVECs. Moreover, 

stromal cell-derived factor 1 (SDF-1)–CXCR4 interac-

tion further amplifies angiogenesis by increasing VEGF 

release by ECs. SDF-1 is also a strong chemoattractant for 

CXCR4-expressing endothelial progenitor cells (EPCs) 

which are mobilised from the bone marrow in response 

to tissue ischaemia. The expression of SDF-1 and CXCR4 

is elevated in capillaries of lesional skin and MVECs from 

early stage SSc, suggesting a role in the pathogenesis of 

SSc microvascular abnormalities. Epidermal growth 

factor-like domain 7 (EGFL7) is a proangiogenic molecule 

which is predominantly expressed and secreted by ECs 

and their progenitors that control vascular development 

and integrity during both physiological and pathological 

vasculogenesis and angiogenesis. Increasing evidence 

suggests that EGFL7 regulates blood vessel development 

by creating a permissive environment for angiogenesis. 

The principal mechanism by which this occurs is by 

promoting EC proliferation, migration, sprouting and 

invasion. The loss of EGFL7 expression in ECs and their 

progenitors play a role in the development and progres-

sion of peripheral microvascular damage and the defective 

vascular repair process characteristic of SSc (Manetti et al, 

2013). 

Systemic sclerosis is considered a disease dominated by 

a ‘loss of angiogenesis’, although in its early phases evidence 

indicates a disturbed angiogenic response only. In fact, 

microvascular changes are primarily due to endothelial 

cell injury, triggering downstream significant enlargement 

of the capillary in an inflammatory environment, followed 

by capillary rupture (microhaemorrhages). Subsequent 

proangiogenic efforts lead to an aberrant angiogenesis 

and, eventually, to a total loss of vessel repair and regen-

eration (loss of angiogenesis). This clearly suggests that 

the pathogenetic process has a steady progression: from an 

early excessive proangiogenesis, to aberrant microvascular 

regeneration, then ending with a late loss of angiogenesis 

(Matucci-Cerinic et al, 2017).

In early SSc pathogenesis, inflammatory cells have 

a significant role. In fact, in the oedematous tissues, 

where fibrosis is still absent but inflammation domi-

nates, a significant number of immune cells surround the 

microvessels. The role of these cells is pivotal in triggering 

the activation of cells present in the tissues, in particular 

myofibroblasts, through the release of TGFβ and other 

cytokines and growth factors. However, other questions 

remain unanswered. The first is whether autoantibodies 

are pathogenic, contributing to endothelial damage and 

thus an expression of disease activity, or are just innocent 

bystanders. The second is whether endothelial circulating 

progenitors as well as the resident mesenchymal cells 

and the cells surrounding the vessel (pericytes, telocytes) 

participate in the endothelial dysfunction and the loss of 

angiogenesis, and foster the endothelial to mesenchymal 

transition (endoMT) process (Manetti et al, 2016; Matuc-

ci-Cerinic et al, 2017).

Recent findings indicate that the formation of new 

blood vessels in postnatal life not only results from angio-

genesis but also involves the recruitment of bone marrow 

derived EPCs. Conflicting results have been published 
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concerning the presence and role of EPCs in SSc. Avouac 

et  al (2008) demonstrated increased circulating EPCs 

levels in SSc, supporting their mobilisation from bone 

marrow. Furthermore, the subset of patients with digital 

vascular lesions and high severity score displayed lower 

EPC counts, suggesting increased homing or defective 

mobilisation in this stage. Nonetheless, other studies 

showed impaired vasculogenesis in SSc. This was demon-

strated by the presence of a substantially reduced number 

of bone marrow-derived circulating EPCs as compared 

with either healthy subjects or patients affected with 

rheumatoid arthritis. The lowest values were observed in 

SSc patients with active fingertip ulcers, suggesting that 

the inadequate recruitment of EPCs may lead to impair-

ment of the vascular repair mechanism. The first study 

by Kuwana et  al (2004) demonstrated reduced absolute 

numbers of circulating CD34+/CD133+/VEGFR-2+ EPCs 

with impaired functions in SSc. The lowest numbers of 

EPCs were observed in SSc patients with pitting scars and 

active fingertip ulcers, and early-outgrowth EPCs showed 

faint or no expression of markers for mature endothelium, 

such as vascular endothelium cadherin (VE-cadherin), 

CD146 and von Willebrand factor, thus suggesting a 

defective capacity to differentiate into mature ECs. Similar 

results were also reported by Zhu et  al (2008) which 

demonstrated substantial depletion of circulating CD34+/

CD133+/VEGFR-2+ EPCs in SSc, regardless of disease 

subtypes, disease stage and different methodologies used 

to quantify early-outgrowth EPCs. In contrast, Del Papa 

et  al (2005) reported significantly increased numbers of 

circulating CD34+/CD133+/VEGFR-2+ EPCs, as well as 

a negative correlation between EPC counts and disease 

duration. Nevskaya et al (2008) also found that early stage 

SSc and high disease activity were accompanied by a rise 

in circulating EPC levels that correlated positively with the 

severity of peripheral vascular manifestations. Therefore, 

the overwhelming data suggest defective mobilisation and 

recruitment of EPCs particularly in the advanced stages of 

the disease. 

Mesenchymal stem cells (MSCs) are potentially a major 

source of endothelial progenitor cells. MSCs show a normal 

pattern of biological markers and functional properties in 

SSc, but the angiogenic potential of endothelial-like MSCs 

is reduced. These cells, when seeded on Matrigel, have a 

lower ability to form capillary-like structures, giving rise 

to endothelial networks that appear incomplete and form 

thinner vessels, even after VEGF and SDF-1 stimulation, 

suggesting that endothelial repair may be affected in SSc 

starting from the bone marrow.

Role of perivascular cells
Pericytes are located on the abluminal side of ECs in capil-

laries, pre-capillary arterioles, and post-capillary venules. 

They are involved in vascular stabilisation and regulation of 

microvascular blood flow and permeability, and are consid-

ered to be progenitor cells with the potential to differentiate 

into different cell types such as fibroblasts and myofibro-

blasts. Microvascular pericytes express PDGFβ receptor in 

the early stages of SSc. Two markers of myofibroblast differ-

entiation are expressed in both pericytes and myofibroblasts 

in SSc, but not control tissues, suggesting a potential role for 

pericytes in both the vascular and fibrotic processes in SSc.

Vascular wall remodelling in SSc
Vascular remodelling follows microvascular injury and 

damage. Intimal and medial thickening and adventitial 

fibrosis are the common forms of remodelling found in SSc 

patients. Intimal lesions change the function of vascular 

cells and alter the composition and organisation of the 

ECM that is aided by infiltrating monocytes and lympho-

cytes. Increased ECM deposition has been suggested to be a 

consequence of inflammatory and immune processes clus-

tered around small vessels in the dermis (Scharffetter et al, 

1988). The interactions of leucocytes with ECs and fibro-

blasts are highly dependent on the expression and function 

of cell surface adhesion molecules. A number of studies 

have suggested that aberrant expression of adhesion mole-

cules on leucocytes and ECs may result in the accumulation 

of specific subsets of activated leucocytes in the tissues 

of SSc patients, which may trigger the fibrotic process by 

the release of a large array of cytokines, chemokines and 

growth factors that stimulate the transdifferentiation of 

resting fibroblasts into myofibroblasts and the synthesis 

of ECM components (Manetti et  al, 2008). Increased 

levels of soluble adhesion molecules released by ECs, such 

as soluble E-selectin, vascular cell adhesion molecule 1 

(VCAM-1) and intercellular adhesion molecule 1 (ICAM-

1), may reflect the ongoing EC activation state in early 

stages of SSc and correlate with the presence and severity 

of specific organ complications (Kuryliszyn-Moskal et  al, 

2005). Leucocyte transendothelial cell migration involves 

a number of adhesion molecules, the expression of which 

is highly concentrated at junctions between adjacent ECs. 

These molecules include CD31, VCAM-1, ICAM-1, CD99, 

and members of the junctional adhesion molecule (JAM) 

family, such as JAM-A and JAM-C (Bradfield et al, 2007). 

Since they are strategically located at interendothelial cell 
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tight junctions, JAMs are ideally suited to facilitate or direct 

the passage of leucocytes across the EC barrier. Besides 

inflammation, the altered expression and subcellular local-

isation of JAMs in SSc MVECs may also have implications 

for angiogenesis (Manetti et al, 2013).

The recruitment of immune cells to peripheral tissues 

depends largely on chemokine gradients. Several chemo-

kines show upregulated expression in SSc skin: CXCL9 

(MIG) and CXCL10 (IP-10), which recruit T cells; CCL2 

(MCP-1), which recruits macrophages; and other chemok-

ines such as CCL5 (RANTES), CCL7 (MCP-3) and CCL20, 

which recruit many immune cell types, including T cells 

and macrophages (Tao et  al, 2011). Increased expression 

of CXCL9, CXCL13, CCL2, CCL5, CCL18 and CCL19 

suggests a complex mechanism by which immune cells are 

recruited to the SSc skin. Many of these chemokines have 

redundant roles, possibly to ensure recruitment of specific 

cell types. For example, CXCL9 recruits T cells and CCL2 

recruits macrophages, while CCL19 and CCL5 are chemo-

tactic for both, in addition to dendritic cells. Studies have 

shown a synergistic effect of combinations of these chemo-

kines in cell recruitment, emphasising the importance of 

understanding global chemokine expression. It is likely that 

this complex pattern of chemokine expression is responsible 

for the perivascular inflammation seen in the early stages 

of SSc (Mathes et al, 2013). The majority of cytokines that 

may be involved in SSc pathogenesis have an effect on or are 

derived from cells of the immune system, including both 

the innate and adaptive compartments. Novel therapies 

that block key mediators that drive the fibrotic response 

are being developed and appear to be potential therapeutic 

tools in the treatment of SSc, highlighting the importance 

for an effective therapy targeted towards the molecular and 

cellular pathways.
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Endothelial dysfunction is a contributing factor to 

vascular remodelling in PAH, including SSc-PAH, which is 

characterised by the cellular expansion and accumulation 

of a-SMA and collagen type I-positive cells. These cells were 

proposed to originate from activated medial pulmonary 

artery SMCs (PASMCs) and lung fibroblasts (Burton et al, 

2011); however, it was hypothesised that ECs undergoing 

endoMT may contribute to endothelial dysfunction and 

the population of activated mesenchymal cells in fibrotic 

and chronic inflammatory disorders, including inflamma-

tory bowel disease, cardiac fibrosis and portal hypertension 

(Jimenez et al, 2013). Good et al (2015) demonstrated the 

presence of transitional endoMT cells in the pulmonary 

vasculature of patients with SSc-PAH and in the hypoxia/

SU5416 model of PAH in a small proportion of vessels.

Elevated endothelin-1 levels were shown to induce endo-

thelial cell activation, fibroblast differentiation and vascular 

remodelling. This discovery allowed for the therapeutic 

targeting of the ET-1 pathway, which led to a real clinical 

benefit in patients with PAH and digital ulcers. Fractal-

kine (chemokine (C-X3-C motif) ligand 1 (CX3CL1)) 

is an endothelial membrane-bound adhesion molecule 

and a soluble chemokine after metalloprotease cleavage. 

Increased endothelial cell surface expression and circulating 

s-fractalkine levels have been described in the inflamma-

tory context of vascular injury, such as atherosclerosis and 

immune diseases, including SSc. The upregulation of frac-

talkine on activated ECs allows for the recruitment and 

activation of immune cells expressing chemokine (C-X3-C 

motif) receptor 1 (CX3CR1). Polymorphisms of CX3CR1 

have been associated with SSc-associated PAH. Benyamine 

et al (2017) identified a specific signature of inflammatory 

endothelial activation that encompasses high levels of endo-

thelial microparticles (EMPs), CFU-ECs, endothelin-1, 

VEGF and s-fractalkine and links the levels of s-fractalkine 

with the mobilisation of CD34+CD45− EPCs. s-Fractalkine 

and CD34+CD45− EPCs seem to be associated with lung 

involvement (Benyamine et al, 2017). 

α2-antiplasmin (α2AP) functions as the main inhibitor 

of plasmin, resulting in the formation of a stable inactive 

complex, plasmin-α2AP, and inhibits fibrinolysis. α2AP is 

known to play a critical role in angiogenesis, tissue repair 

and vascular remodelling, and may also be associated with 

vascular alteration in SSc. Blocking of α2AP improved 

vascular damage in an SSc mice model and SSc dermal fibro-

blast-induced vascular dysfunction. Additionally, α2AP 

regulated vascular alteration by inhibiting VEGF signalling 

through the ATGL/SHP2 axis (Kanno et al, 2017).

Hypoxia in the pathogenesis of SSc
It is postulated that the enlargement of capillaries or 

the proangiogenic process may be a localised regula-

tory response to tissue hypoxia. Indeed, severe hypoxia is 

present in SSc and intradermal oxygenation measurements 

have verified hypoxic conditions in SSc patients with more 

advanced disease as compared with those with early disease 

and controls. Interestingly, expression of HIF-1α, a hypoxia 

inducible transcriptional factor that upregulates VEGF, 

in the skin of SSc patients is paradoxically lower than in 

control patients. 

Peripheral microvasculopathy in SSc results from a 

complex dysregulation of angiogenic signalling networks 

including the VEGF and the Ang/Tie2 system. An excess 

of Ang-2 over Ang-1 is known to induce vascular remod-

elling by blocking Tie2 signalling on ECs. Interestingly, 

SSc patients with digital ulcers showed a significantly 

lower Ang-1/-2 ratio as compared with those without, 

which further underlines the potential clinical relevance 

of the observed alterations, although the small number of 

patients and the heterogeneity of the disease warrant some 

caution in the interpretation of these results. Depending 

on the absence/presence of VEGF, the destabilisation of 

vessels might then lead to regression or (disorganised) 

sprouting, both well-described events in SSc microvascu-

lopathy. Moreover, the substantial loss of mbTie2 on dermal 

microvessels in SSc with concomitant increase in sTie2, 

which also competes with Ang-1, further impairs Tie2 

signalling (Moritz et al, 2017).

Relationship of vasculopathy to 
fibrosis
SSc is a connective tissue disease with markedly increased 

levels of collagen deposition that mediate tissue fibrosis. 

Fibroblasts acquire abnormal characteristics that include 

increased proliferation, a switch to an activated state, and 

synthesis of abnormally high levels of collagen and other 

ECM proteins. Excessive ECM deposition and accumu-

lation in the heart, lung, vessels, skin and kidney results 

in uncontrolled organ fibrosis and organ dysfunction; 

the defective vasculature response to injury is consid-

ered to occur before and lead to tissue fibrosis. There are 

various hypotheses on how vascular alterations may lead to 

fibrosis; one proposes that cytokines secreted by ECs form a 

gradient that attracts fibroblasts to the blood vessels that in 

turn stimulate fibroblast proliferation, activation, synthesis 
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and secretion of collagen. Another proposed mechanism 

is that ECs become permeable, which results in a leak of 

factors that stimulate fibroblast proliferation, activation and 

production of collagen.

Scleroderma fibroblasts display an activated phenotype 

characterised by overproduction of collagen, secretion of 

profibrotic cytokines and chemokines, and expression of 

cell surface integrin adhesion molecules and receptors for 

TGFβ, PDGF and CCL2. Furthermore, SSc fibroblasts show 

increased expression of α-SMA and resistance to apop-

tosis (Bhattacharyya et al, 2012). SSc has a poor prognosis 

because no therapy has been shown to reverse or arrest 

the progression of fibrosis, representing a major unmet 

medical need. Recently, antifibrotic effects of peroxisome 

proliferator-activated receptor γ (PPARγ) ligands have 

been studied in vitro and in vivo and some theories have 

emerged leading to new insights. Aberrant PPARγ function 

seems to be implicated in pathological fibrosis in the skin 

and lungs. This antifibrotic effect is mainly related to the 

inhibition of TGFβ/Smad signal transduction, but other 

pathways can be involved (Dantes et  al, 2015). Reduced 

expression of PPARγ mRNA and protein was demonstrated 

in SSc skin biopsies, as well as in explanted skin fibroblasts 

(Gonzalez et al, 2012). Although the cause underlying the 

PPARγ deficit in SSc and other fibrosing conditions is not 

yet known, multiple factors implicated in the pathogenesis 

of fibrosis, such as TGFβ, connective tissue growth factor 

(CTGF) and IL-13, potently inhibit PPARγ expression and 

function (Wei et al, 2011).

Conclusions
The pathogenesis of vascular disease in SSc appears to 

involve many cell types and signalling pathways. A complex 

interaction between ECs, immune cells, SMCs, fibroblasts, 

pericytes and the ECM contribute to the vascular reactivity, 

remodelling and occlusive vascular disease in SSc. EC 

injury is an early and probably initiating event in disease 

Summary points

Definition

•	 The current hypotheses in systemic sclerosis (SSc) vascular pathogenesis suggest an environmental 

trigger leading to immune activation directed at the small vessels.

•	 Some studies suggest that the cytotoxic effect of SSc sera on endothelial cells (ECs) is mediated 

by natural killer (NK) cells and anti-EC antibody.

•	 Anti-EC antibodies binding to EC leads to activation of the cells with increase expression of adhe-

sion molecules.

•	 Impaired endothelial-dependent vasodilatation may be due to over expression of endogenous 

vasoconstrictor endothelin-1 and reduced production of vasodilator nitric oxide.  

•	 Autoantibodies in the sera of SSc patients bind and activate platelet-derived growth factor 

receptor resulting in reactive oxygen species (ROS) accumulation in target cells that can poten-

tially account for tissue injury.

•	 Abnormalities in bone marrow-derived mononuclear cell responsiveness and function may 

account for some of the vascular disease in SSc patients.

•	 In SSc, there is evidence for defective angiogenesis in association with progressive loss of capillary 

vessels.

•	 There is a potential role for pericytes in both the vascular and fibrotic processes.

•	 Intimal and medial thickening and adventitial fibrosis are the common forms of remodelling 

found in SSc patients.

•	 Vascular mediators and their pathways could become targets for novel specific therapies, aiming 

to prevent further vascular injury and to stimulate vascular repair.
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pathogenesis. The exact mechanism for the widespread SSc 

vascular disease is still unknown, but EC injury induced 

by an infectious agent, immune-mediated cytotoxicity, 

anti-endothelial antibodies and/or ischaemia-reperfu-

sion have all been implicated. The downstream effects of 

vascular dysfunction adversely effect organ function and 

determine clinical outcomes. Understanding the mecha-

nisms underlying these processes provides the rationale for 

novel therapeutic strategies and specific targeted therapy. 

The definition of pre-fibrotic vascular lesions may have 

future therapeutic and preventive implications for SSc. 

Development of means to quantify endothelial injury and 

the activity of the vascular lesions is essential for the moni-

toring of therapies designed to block further vascular injury.
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Tissue fibrosis is a hallmark of SSc

The hallmark finding of SSc is widespread fibrosis involving 

the skin and multiple internal organs, including the lungs, 

the gastrointestinal tract and the heart, as well as tendons 

and ligaments. The progressive fibrotic process disrupts 

the physiological structure of affected tissues and leads to 

significant organ dysfunction. Therefore, tissue fibrosis 

causes significant morbidity, and is also a major cause of 

death in patients with SSc (Gabrielli et  al, 2009; Ho et  al, 

2014; Allanore et al, 2015; Denton and Khanna, 2017).

Based on the extent of skin fibrosis, clinicians categorise 

patients with SSc into two subsets: the limited cutaneous 

subset (lcSSc) and the diffuse cutaneous subset (dcSSc). 

In both subsets, fibrosis usually starts at the distal ends of 

the extremities (ie, fingers and toes) and then progresses 

centripetally. Whereas patients with lcSSc do not show skin 

fibrosis beyond the elbows and knees, dcSSc is characterised 

by skin fibrosis that also affects the proximal extremities or 

the trunk. The fibrotic process often progresses rapidly in 

patients with dcSSc, while the disease course is protracted in 

patients with lcSSc. In patients with SSc (especially in those 

who will develop dcSSc), oedematous swelling of fingers and 

hands, which may extend to the forearms, arms, face, trunk 

and lower extremities, precedes the development of fibrosis. 

Over time, the oedema evolves into progressive fibrotic 

thickening of the skin that becomes firmly adherent to the 

underlying soft tissues, eventually leading to deformities of 

the digits with fixed-flexion contractures. In the majority of 

patients with dcSSc, the onset of oedema and fibrosis takes 

place soon after the first episode of Raynaud’s phenomenon. 

In contrast, Raynaud’s phenomenon may precede the onset 

of fibrosis and other symptoms by several years in patients 

with lcSSc.

In the early times of SSc research, great efforts were 

made to describe the histopathological features of affected 

SSc skin. While histological analysis is still a cornerstone of 

modern fibrosis research, major efforts are currently being 

taken to understand the molecular signatures of the fibrotic 

tissues. 

The early histopathological investigations suggested a 

general concept that changes seen in the affected SSc skin 

depend to a significant degree on whether the lesions are 

early or late. According to this concept, early disease stages 

are characterised by microvascular abnormalities, oedema 

and perivascular inflammatory infiltrates composed of 

8 Synthesis: fibrosis in systemic 
sclerosis

Mirko Manetti, Alina Soare

Learning objectives

•	 To understand the pathogenesis of tissue fibrosis in systemic sclerosis (SSc or scleroderma) and 

the interactions between the vascular and immune systems and fibroblasts.

•	 To understand the role of fibroblasts and their transition to profibrotic myofibroblasts. 

•	 To become familiar with the profibrotic factors and mechanisms involved in SSc.
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lymphocytes and monocytes in the papillary and reticular 

dermis (figure 1A). While these inflammatory changes may 

fade during the disease course, increasing accumulation of 

extracellular matrix components, obliteration and loss of 

the microvasculature and atrophy of skin appendages, such 

as the eccrine sweat glands, can be observed in later disease 

stages (figure 1B). Although still appealing, the concept 

of sequential stages of fibrotic disease in SSc is challenged 

by studies deciphering the molecular signatures of fibrotic 

tissues in SSc patients. As discussed in more detail later, 

these studies suggest the existence of different types of 

fibrotic skin disease among patients with SSc, which persist 

over time and remain characteristic for the individual 

patients (Pendergrass et al, 2012; Martyanov and Whitfield, 

2016).

The fibrotic tissue that accumulates in SSc skin appears 

compacted with a homogeneous, hyalinised pattern that 

extends from the papillary dermis to the hypodermis, 

replacing the subcutaneous fat. Biochemical analysis of 

affected skin biopsy specimens demonstrates increased 

accumulation of type I and type III fibrillar collagens, and 

appearance of type VII collagen. Moreover, lesional skin has 

abundant fibronectin, proteoglycans, fibrillin and elastin 

fibrils and raised levels of collagen-modifying enzymes such 

as lysyl hydroxylase which are responsible for increased 

formation of aldehyde-derived collagen cross-links.

Apart from affecting the skin, fibrosis can occur in 

virtually any other organ in patients with SSc. Clinically 

significant lung fibrosis develops in >20% of patients 

with SSc. The hallmark histological lesion is non-specific 

interstitial pneumonia characterised by moderate inflam-

mation and fairly uniform interstitial fibrosis (figure 2A). 

Less commonly, patients with SSc present with a histolog-

ical picture of usual interstitial pneumonia characterised 

by scattered fibroblastic foci and patchy fibrosis. In early 

lung disease, patchy inflammatory infiltrates composed of 

lymphocytes, plasma cells, eosinophils and macrophages 

are commonly seen in the alveolar walls. During the course 

of the disease, pulmonary fibrosis manifests as progressive 

thickening of the alveolar septa, ultimately resulting in 

air-space obliteration. 

Gastrointestinal involvement is one of the earliest clin-

ical manifestations and is found in up to 90% of patients 

with lcSSc and dcSSc. The distal oesophagus is virtu-

ally always affected, although the exact pathogenesis of 

oesophageal dysmotility remains unclear. While vascular or 

autoimmune processes may lead to the failure of smooth 

muscles in the early stages of disease, fibrotic changes of 

Figure 1 Skin histopathology in systemic sclerosis (SSc). (A) In early stage SSc, a relevant dermal inflammation characterised by perivascular 

mononuclear cell infiltrates composed of monocytes and lymphocytes (arrows), with oedema around the microvessels and a variable extent 

of fibrosis in the papillary and reticular dermis, are seen. (B) In late-stage SSc, a prominent collagen accumulation leads to dermal thicken-

ing and the deposition of dense and tightly packed collagen bundles throughout the papillary and reticular dermis (note the intense and 

diffuse green staining), with flattening of the epidermal–dermal junction, loss of microvasculature and atrophy of skin appendages. Skin 

sections are stained with Goldner’s Masson trichrome with light green. Original magnification × 100.
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the oesophagus may predominantly manifest in later stages 

of SSc. During the course of the disease, the entire gastro-

intestinal tract can be affected, showing fibrotic lesions in 

the lamina propria, submucosa and mostly in the muscle 

layers together with smooth muscle cell atrophy (figure 

2B) (Manetti et  al, 2007). Clinically, gastrointestinal tract 

dysmotility is a major visceral manifestation, ranging from 

an asymptomatic form to severe paresis. 

Myocardial fibrosis (figure 2C) and cardiomyopathy may 

be clinically silent or associated with diastolic dysfunction 

and arrhythmias. SSc cardiomyopathy is still poorly under-

stood despite being a major cause of death in patients with 

SSc. Recent studies have investigated the histopathological 

features of SSc cardiomyopathy and also evaluated model 

systems for this serious disease manifestation. Tissue from 

autopsies demonstrated endothelial cell apoptosis with 

reduced capillary density, perivascular inflammatory cell 

infiltration, myofibroblast differentiation and accumula-

tion of collagen in the myocardium of SSc patients even in 

the absence of clinical signs of heart disease. Of note, two 

murine models, fos-related antigen 2 (Fra-2) transgenic 

mice and urokinase-type plasminogen activator receptor 

(uPAR) deficient mice, both reflect the histopathological 

features of the SSc heart and may become valuable tools to 

study SSc cardiomyopathy and myocardial fibrosis (Venalis 

et al, 2015; Manetti et al, 2016).

Cellular players in fibrosis during the 
course of SSc
Despite numerous recent advances in understanding the 

molecular regulation of genes encoding collagens and other 

extracellular matrix proteins, the fundamental mechanisms 

responsible for the pathogenesis of fibrosis in SSc remain 

incompletely understood. 

Researchers in our field often look on SSc fibrosis as a 

dysregulated and generalised wound healing process, in 

which failure to restrain the normal tissue repair response 

culminates in chronic scar formation. Nevertheless, an 

initial tissue injury that triggers the fibrotic response has 

not been identified (Wynn, 2008).

Fibroblasts are the key players of fibrosis in SSc and 

other fibrotic diseases, in which they appear to be chron-

ically activated (Hinz et  al, 2012). Chronic dysregulation 

of SSc fibroblasts may result in resistance to pro-apoptotic 

stimuli, increased transformation into profibrotic myofi-

broblasts and excessive production of collagens and other 

extra cellular matrix components. Moreover, impaired 

degradation and turnover of extracellular matrix proteins 

might also contribute to the pathogenesis of fibrosis in SSc 

(Gabrielli et al, 2009; Ho et al, 2014; Allanore et al, 2015).

Several other cell types are dysregulated in SSc and play 

important roles in tissue damage, fibroblast activation and 

fibrosis. These include endothelial cells, vascular pericytes 

and cells of both the adaptive and innate immune systems, 

such as T and B lymphocytes, dendritic cells, natural killer 

cells, monocytes, macrophages (eg, alternatively activated 

(M2) macrophages), mast cells and eosinophils (Gabri-

elli et  al, 2009; Allanore et  al, 2015; Manetti, 2015a). The 

fibrotic process results from a complex interplay among 

these different cell types through a number of soluble medi-

ators.

Under normal conditions, fibroblasts produce limited 

amounts of extracellular matrix. Tissue injury induces local 

release of profibrotic cytokines and growth factors from 

inflammatory and immune cells, platelets and endothelial 

cells. Profibrotic mediators that appear to be strongly asso-

ciated with the pathogenesis of SSc include transforming 

growth factor β (TGFβ), connective tissue growth factor 

(CTGF/CCN2), platelet-derived growth factor (PDGF), 

Wnt proteins, interleukin (IL)-4, IL-6, IL-13, monocyte 

chemoattractant protein-1 (MCP-1/CCL2), endothelin-1 

(ET-1) and serotonin (Wynn, 2008; Gabrielli et  al, 2009; 

Ho et  al, 2014; Allanore et  al, 2015). Increasing evidence 

also suggests that an altered balance between Th1 and Th2 

Figure 2 Fibrosis of internal organs in systemic sclerosis. (A) 

Non-specific interstitial pneumonia characterised by moderate in-

flammation and uniform interstitial fibrosis with thickening of the 

alveolar septa. (B) Fibrotic lesions in the muscle layers of the gastric 

wall. (C) Myocardial fibrosis. Tissue sections are stained with Mas-

son’s trichrome with aniline blue (red colour: cytoplasm and muscle 

fibres; blue colour: collagen). Original magnification × 100.
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cytokines, towards a Th2-polarised immune response, may 

play a pivotal role in the pathogenesis of fibrosis in SSc 

(Wynn, 2011; Allanore et  al, 2015). IL-13, the major Th2 

cytokine driving collagen production, is also secreted by 

activated type 2 innate lymphoid cells (ILC2s). Recently, it 

has been shown that activated ILC2s are increased in the 

skin of SSc patients and are positively correlated with disease 

phenotype and skin thickening assessed by the modified 

Rodnan skin score (mRSS) (Wohlfahrt et al, 2016). 

The resulting microenvironment ultimately leads to a 

constitutive activation of fibroblasts, which transdiffer-

entiate towards a contractile and secretory myofibroblast 

phenotype, produce a large amount of collagens and other 

extracellular matrix proteins, and themselves secrete 

growth factors and fibrogenic cytokines (eg, TGFβ) that 

perpetuate the fibrotic process in autocrine and paracrine 

manners (figure 3). Although these profibrotic processes 

are strictly regulated and restrained during normal wound 

healing, they persist in pathological fibrosis in patients with 

SSc, suggesting the failure of molecular checkpoints and 

regulatory loops to turn off the fibrotic wound response.

Myofibroblasts are activated fibroblasts expressing 

α-smooth muscle actin (α-SMA) and displaying a chron-

ically activated phenotype. Skin biopsies from patients 

with SSc show significant increases in the number of 

myofibroblasts compared with skin from healthy subjects. 

Interestingly, myofibroblasts are in an intermediate state 

between fibroblast and smooth muscle cell phenotypes, 

combining the structural features of both cell types that 

are critical for connective tissue contraction and remodel-

ling during wound healing and pathological fibrosis (Hinz 

et  al, 2012). In contrast to physiological wound healing, 

where myofibroblasts occur only transiently within the 

granulation tissue, they persist in SSc, leading to excessive 

contraction of the extracellular matrix with chronic scar-

ring. Moreover, myofibroblast contraction contributes to a 
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Figure 3  In systemic sclerosis, the activation of fibroblasts and their transition to contractile and secreting myofibroblasts is triggered by 

growth factors and cytokines produced by different cell types, including activated endothelial cells, inflammatory cells and immune cells, 
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large extent to a progressive increase in extracellular matrix 

stiffness, a recently recognised potent profibrotic stimulus 

(Hinz, 2015).

Myofibroblasts may arise from different sources. 

Traditionally, myofibroblasts were considered to derive 

from proliferating tissue resident fibroblasts, a hypoth-

esis supported by recent findings (LeBleu et  al, 2013). 

Other evidence suggests that myofibroblasts may originate 

from blood vessel wall pericytes, bone marrow-derived 

circulating fibroblast-like cell precursors, also known as 

fibrocytes, CD14+ circulating monocytes, transformation 

of white adipocytes, and transdifferentiation of epithelial 

cells via epithelial-to-mesenchymal transition or endothe-

lial cells via endothelial-to-mesenchymal transition (Binai 

et  al, 2012; Duffield, 2012; Ebmeier and Horsley, 2015; 

Marangoni et al, 2015; Manetti et al, 2017). The relevance of 

these findings for SSc has not been definitely confirmed, and 

the numbers of myofibroblasts that originate from one or 

another source may vary between different fibrotic diseases. 

In this context, epithelial-to-mesenchymal transition may 

play a central role in models of pulmonary fibrosis, while it 

appears to be less important in skin fibrosis. Of note, a very 

recent study demonstrated the presence of transitional cells 

simultaneously expressing endothelial and myofibroblast 

markers in dermal microvessels of SSc patients and mouse 

models of the disease (Manetti et  al, 2017). Moreover, 

dermal microvascular endothelial cells isolated from SSc 

skin were found to be in an intermediate state combining 

endothelial and myofibroblast-like contractile phenotypes 

(Manetti et  al, 2017). Another recent study demonstrated 

that adipose tissue loss and adipocyte-myofibroblast tran-

sition might be primary events in the pathogenesis of 

cutaneous fibrosis in mice with bleomycin-induced sclero-

derma (Marangoni et al, 2015). Despite substantial research 

efforts, however, the exact origins of the myofibroblasts that 

initiate and sustain the fibrotic reaction in patients with SSc 

have yet to be definitely established.

Explanted dermal fibroblasts from lesional SSc skin 

retain an abnormal phenotype in vitro, with enhanced 

extracellular matrix synthesis and expression of the myofi-

broblast marker α-SMA (LeRoy, 1972). Gene expression of 

in vitro expanded fibroblasts, however, may not perfectly 

reflect the fibroblast phenotype in the skin of patients 

with SSc. Gene expression profiling using microarrays has 

shown strikingly altered patterns of gene expression in skin 

from patients with SSc compared with healthy controls. 

The most relevant differences were found in genes asso-

ciated with extracellular matrix, TGFβ signalling, innate 

immunity and hypoxia. The number of genes differentially 

expressed in skin biopsy microarrays greatly exceeded the 

number in explanted dermal fibroblasts (Gardner et  al, 

2006; Farina et  al, 2010; Pendergrass et  al, 2012). Collec-

tively, these findings emphasise the great influence of the 

local micro environment, including endothelial and inflam-

matory cells as well as extracellular matrix components 

and soluble mediators, which may have a pivotal role in the 

maintenance of the SSc skin gene expression signature.

As mentioned previously, another lesson learnt from 

the gene expression profiling studies was the presence of 

different types of fibrotic skin disease characteristic for 

the individual patient, in contrast to the classical view of 

sequential stages (ie, early inflammation, late-stage fibrosis) 

during the fibrotic process. In this context, the following 

types of fibrotic skin disease in SSc have been proposed: (1) 

diffuse-proliferative, associated with biological processes of 

cytokinesis, cell cycle checkpoint, regulation of mitosis, cell 

cycle, DNA repair, S phase, and DNA replication, consis-

tent with the presence of dividing cells; (2) inflammatory, 

associated with biological processes of immune response, 

response to pathogens, humoral defence, lymphocyte 

proliferation, chemokine binding, chemokine receptor 

activity, and response to viruses; (3) limited, comprising 

mainly patients with lcSSc demonstrating a strong vascular 

phenotype; and (4) normal-like, a group of patients showing 

a skin gene profile similar to that of healthy individuals 

(Gardner et al, 2006; Farina et al, 2010; Pendergrass et al, 

2012; Martyanov and Whitfield, 2016). 

Besides fibroblasts and myofibroblasts, recent evidence 

indicates that other stromal cell types may be implicated 

in the pathophysiology of SSc. Telocytes, formerly called 

interstitial Cajal-like cells, are a distinct population of 

stromal (interstitial) cells that are characterised by very long 

 cytoplasmic processes. Telocytes may act as supporting cells 

and form a scaffold to define the correct three- dimensional 

organisation of tissues/organs during prenatal life, or their 

repair/renewal in postnatal life, and participate in inter-

cellular signalling, either by cell-to-cell contacts or by 

secreting paracrine signalling molecules. Telocytes display 

severe ultrastructural damage and are progressively lost 

from the clinically affected skin of patients with SSc, in 

particular patients with dcSSc (Manetti et al, 2013). More-

over, there is also evidence that, in SSc, the loss of telocytes 

is not restricted to the skin, but is a widespread process 

affecting multiple organs targeted by the fibrotic process, 

such as the gastrointestinal tract, myocardium and lungs 

(Manetti et al, 2014a). It has been proposed that, in SSc, the 

progressive loss of telocytes might contribute to impaired 

tissue homeostasis and consequent fibrosis favouring an 
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altered three-dimensional organisation of the extracellular 

matrix and reducing the control of fibroblast and myofibro-

blast activity.

Mediators of fibrosis in SSc

TGFβ and related profibrotic pathways 
TGFβ is a master regulator of tissue repair and fibrosis, 

and abnormalities in TGFβ signalling are well-established 

in SSc. TGFβ may promote the development of fibrosis 

by both stimulating the production, and suppressing the 

degradation, of extracellular matrix (Wynn, 2008; Bhat-

tacharyya et al, 2011; Allanore et al, 2015). Fibrosis research 

usually focuses on mechanisms leading to an excessive 

release of collagens by fibroblasts, and less is known about 

the inhibition of matrix degrading processes, including the 

upregulation of tissue inhibitors of matrix metalloprotein-

ases.

TGFβ is produced and released by various cell types, 

including fibroblasts, myofibroblasts, T cells, monocytes, 

macrophages and platelets. It is synthesised as a latent 

precursor that is sequestered in the extracellular matrix as 

a biologically inactive molecule to be activated by prote-

ases, thrombospondin-1 or integrins, which are expressed 

by fibroblasts and other cells. TGFβ activation and signal-

ling cascades are extremely complex and involve multiple 

primary and accessory receptors, as well as various intra-

cellular molecules, such as signalling intermediates, 

transcriptional factors, co-activators and repressors. Bio -

active TGFβ in a dimeric form binds to a constitutively 

active serine/threonine transmembrane kinase known as 

TGFβ receptor type II (TGFβRII). The classic pathway 

of TGFβ signal transduction involves the ligand-bound 

TGFβRII, which recruits and then transphosphorylates 

TGFβRI. Signalling from phosphorylated TGFβRI to 

the nucleus may then occur through the Smad family of 

proteins or through different non-Smad pathways, such as 

the activation of the non-receptor protein tyrosine kinase 

c-Abl, p38, JNK, the focal adhesion kinase, TGFβ-activated 

kinase-1 and lipid kinases such as PI3K and its downstream 

target AKT. TGFβ/TGFβR signalling ultimately leads to the 

increased expression of many target genes, including type I 

collagen, plasminogen activator inhibitor type 1, CTGF and 

α-SMA (Wynn, 2008; Bhattacharyya et  al, 2011; Allanore 

et al, 2015).

Levels of TGFβ receptors, particularly TGFβRI, are 

upregulated on SSc fibroblasts, which may explain, at least 

in part, the constitutively enhanced response of these cells to 

TGFβ. Moreover, different studies have reported a dysregu-

lation of both the Smad and non-Smad TGFβ downstream 

pathways in SSc fibroblasts, which may contribute to the 

abnormal fibrogenic response. Smad2 and Smad3 proteins, 

which are phosphorylated on activation of TGFβRI, are 

important regulators of TGFβ signalling. In both normal 

and SSc fibroblasts, TGFβ induces Smad2/3 activation and 

heteromeric complex formation, with subsequent stim-

ulation of collagen gene transcription via binding of the 

activated Smad complex to the proximal collagen gene 

promoter—a process that also involves other transcrip-

tion factors (eg, Sp1 and AP1) and co-activators (eg, p300, 

which promotes the binding of the Smad2/3 complex to 

the target gene promoter). Multiple abnormalities in the 

Smad signalling pathways have been reported in SSc fibro-

blasts, including increased expression or phosphorylation 

of Smad2/3, constitutive ligand-independent association 

of p300 with Smad2/3 and defective function of Smad7, 

the endogenous inhibitor of Smad signalling. Studies in 

explanted SSc fibroblasts or preclinical animal models of 

SSc have shown that pharmacological inhibition of Smad2/3 

activation abrogated TGFβ-induced fibrotic responses. 

Besides Smad proteins, numerous so-called non-canonical 

pathways including tyrosine kinases such as Src or c-Abl, 

the Hedgehog transcription factor Gli-2 or members of 

the early growth response family of transcription factors 

may also promote profibrotic responses induced by TGFβ 

in SSc fibroblasts (Bhattacharyya et  al, 2011). Aside from 

fibroblasts, it has been recently reported that transgenic 

mice with constitutive endothelial cell-specific activation of 

TGFβ signalling develop severe cutaneous, pulmonary and 

microvascular fibrosis resembling the fibrotic and micro-

vascular alterations characteristic of SSc (Wermuth et  al, 

2017).

The central role of TGFβ in SSc prompted clinical inves-

tigations of TGFβ-blocking agents early on. A first clinical 

trial testing the anti-TGFβ antibody CAT-192, however, 

failed to show significant antifibrotic effects (Denton et al, 

2007). While several hypotheses might explain the failure of 

this trial, including an insufficient affinity of CAT-192 anti-

body to all TGFβ isoforms, a recent uncontrolled trial using 

fresolimumab, a high-affinity antibody that targets all three 

TGFβ isoforms, suggested that direct TGFβ-targeting strat-

egies might be indeed very effective in reducing the excess 

of TGFβ signalling and treating tissue fibrosis in patients 

with SSc (Rice et al, 2015). 

Recent evidence suggests that the innate immune system 

may have a major impact on TGFβ-driven profibrotic 
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responses. Activation of Toll-like receptor 4 (TLR4) 

enhances Smad signalling in fibroblasts on stimulation with 

TGFβ. Vice versa, genetic or pharmacological blockade of 

TLR4 signalling reduces the TGFβ-dependent collagen 

release from fibroblasts in vitro and bleomycin-driven 

dermal fibrosis in vivo. In addition to modifying TGFβ-

driven responses, TLR4 signalling exacerbates fibrosis via 

suppression of antifibrotic microRNAs (Bhattacharyya 

et  al, 2013). Besides a fibroblast-centred mode of action 

of TLR4 activation, other data suggest that TLR4 might 

indirectly activate fibroblasts through TGFβ-release from 

inflammatory cells, such as macrophages (Stifano et  al, 

2014). Epstein-Barr virus infection has also been implicated 

in aberrant TLR activation pathway and fibroblast−myofi-

broblast transition in SSc, mainly via the induction of the 

expression of selected interferon (IFN) regulatory factors, 

IFN-stimulated genes, TGFβ, and several markers of fibro-

blast activation such as α-SMA and ET-1 (Farina et al, 2014).

Additional TGFβ-modulating pathways are still being 

discovered with some of them potentially offering trans-

lational potential for the treatment of vascular and fibrotic 

manifestations. The soluble guanylate cyclase (sGC), the 

target of nitric oxide, which has long been known in the 

treatment of cardiovascular effects, has been shown to inhibit 

fibrosis by blocking non-canonical TGFβ signalling. In detail, 

sGC activity reduces the phosphorylation of extracellular 

signal regulated kinases (ERK) to block the release of matrix 

proteins from fibroblasts (Beyer et al, 2012; Beyer et al, 2015b; 

Dees et al, 2015). sGC stimulators have already demonstrated 

potent therapeutic effects in the treatment of pulmonary 

arterial hypertension (Ghofrani et al, 2013), a major cause of 

mortality in SSc. Additional clinical studies to investigate the 

antifibrotic effects and vasoactive activity of sGC stimulators 

on Raynaud’s phenomenon and digital ulcers in patients with 

SSc are in the pipeline (www.clinicaltrials.gov).

Other profibrotic mediators
Other important profibrotic mediators that have been 

implicated in the pathogenesis of fibrosis in SSc include 

CTGF, ET-1, PDGF, IL-6, serotonin and chemokine (C-X-C 

motif) ligand 4 (CXCL4)/platelet factor-4. CTGF and ET-1 

are induced by TGFβ, and evidence supports the existence 

of autocrine loops that involve TGFβ, CTGF and ET-1 as 

contributors to the persistent activation of fibroblasts in 

SSc. Increased levels of CTGF have been detected in lesional 

tissues from patients with SSc. Recombinant CTGF can 

upregulate collagen, fibronectin and integrin expression in 

fibroblasts, and CTGF may coordinate the actions of TGFβ 

by stimulating fibroblast proliferation and extracellular 

matrix protein production. ET-1 is also overexpressed by 

SSc fibroblasts and may have important profibrotic effects. 

Indeed, blockade of the endothelin receptors ETA and ETB 

with bosentan significantly reduced α-SMA overexpression 

and extracellular matrix synthesis and contraction by SSc 

fibroblasts (Bhattacharyya et al, 2011). 

PDGF is another growth factor implicated in SSc and 

other fibrosing diseases; it is produced by fibroblasts, 

endothelial cells, macrophages and platelets on activation. 

PDGF is a strong mitogen and chemoattractant for fibro-

blasts, and can activate the synthesis of extracellular matrix 

compounds and the secretion of the profibrotic media-

tors TGFβ, MCP-1 and IL-6. Increased expression and 

phosphorylation of PDGF receptors have been seen in the 

lesional skin of patients with SSc. Stimulatory anti-PDGF 

receptor-specific autoantibodies have been identified in 

the serum of patients with SSc. These antibodies activate 

the Ha-Ras-ERK1/2 cascade, which leads to the generation 

of reactive oxygen species (ROS), followed by increased 

synthesis of extracellular matrix molecules in SSc fibro-

blasts (Baroni et  al, 2006). Nevertheless, two subsequent 

reports were unable to confirm the presence of stimulatory 

anti-PDGF receptor antibodies in SSc sera. Differences in 

the methodologies of these studies likely account for the 

discrepant results (Classen et  al, 2009). Clinical studies 

of one of the earliest tyrosine kinase inhibitors, imatinib 

mesylate, a small molecule that inhibits signalling of PDGF 

receptor and c-Abl as a non-canonical downstream medi-

ator of TGFβ, did not show significant effects on progression 

of different fibrotic diseases. However, nintedanib, by 

blocking PDGF receptor α/β, fibroblast growth factor 

receptor, VEGF receptors, macrophage colony-stimulating 

factor 1 receptor (CSF1R) and Src-family kinases, signifi-

cantly reduced disease progression in two clinical studies 

of patients with idiopathic pulmonary fibrosis. Moreover, 

it has been shown that nintedanib has antifibrotic effects in 

various in vivo models of SSc (Huang et al, 2016). A phase 3 

clinical trial of nintedanib in patients with SSc-related lung 

fibrosis started recruiting patients in November 2015 and is 

still ongoing (www.clinicaltrials.gov).

Platelets are a rich source of profibrotic mediators. 

Besides TGFβ and PDGF, platelet granules contain large 

amounts of serotonin (5-hydroxytryptamine (5HT)). 

Vascular injury can activate platelets to release serotonin 

and other profibrotic mediators, which ensures efficient 

and self-limited wound healing under physiological 

conditions. By contrast, chronic SSc vasculopathy might 
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cause a persistent increase in serotonin levels and perpet-

uate profibrotic tissue repair processes. Indeed, serotonin 

stimulates fibroblasts to release excessive amounts of 

extracellular matrix proteins. The profibrotic effects of 

serotonin are mediated via 5HT
2B

 receptors. 5HT
2B

 recep-

tors are overexpressed in SSc, suggesting an increased 

sensitivity of SSc fibroblasts to the profibrotic effects of 

serotonin. Of note, serotonin acts indirectly via TGFβ 

signalling. Binding of serotonin to 5HT
2B

 receptors on 

fibroblasts leads to the release of profibrotic TGFβ. Taken 

together, activation of platelets with release of serotonin 

promotes the development of fibrosis and, thus, links 

vascular disease and fibrosis in SSc (Dees et al, 2011).

IL-6, which is released by macrophages, B cells and other 

cell types, appears to have a profibrotic role in SSc since it 

can directly stimulate fibroblasts to release collagens. More-

over, it has been demonstrated that IL-6 trans-signalling 

drives a signal transducer and activator of transcription 

3 (STAT3)-dependent pathway that leads to hyperactive 

TGFβ signalling promoting Smad3 activation and fibrosis 

via Gremlin protein (O’Reilly et  al, 2014). In bleomy-

cin-driven experimental dermal fibrosis, knockout of IL-6 

or blocking antibodies against IL-6 receptors ameliorate 

the profibrotic response (Kitaba et  al, 2012). In line with 

these preclinical findings, a phase 2 clinical study using the 

anti-IL-6 receptor antibody tocilizumab has shown prom-

ising results. Although the primary endpoint, which was 

the improvement of the mRSS at week 24, was not met, the 

results of the phase 2 trial prompted the launch of a larger 

phase 3 clinical trial to demonstrate the antifibrotic activity 

of tocilizumab in SSc (www.clinicaltrials.gov).

A recent study highlighted an important role of plasma-

cytoid dendritic cell-derived CXCL4 in the pathogenesis of 

SSc (van Bon et al, 2014). Proteome-wide analysis showed 

that CXCL4 is the predominant protein secreted by 

 plasmacytoid dendritic cells in SSc, both in the circulation 

and in skin. Of note, CXCL4 levels correlated with skin and 

lung fibrosis and predicted the risk and progression of SSc. 

In vitro, CXCL4 down-regulated the expression of Friend 

leukaemia integration 1 (Fli1), a transcriptional repressor 

of type I collagen, induced markers of endothelial cell acti-

vation, and potentiated responses of TLRs. In vivo, CXCL4 

induced the influx of inflammatory cells and skin transcrip-

tome changes, as in SSc.

Finally, abnormalities in the fibrinolytic system have 

also been implicated in the pathogenesis of fibrosis in 

SSc. Indeed, it appears that persistent fibrin deposition is 

involved in the mechanism underlying pathological dermal 

fibrosis in animal models (de Giorgio-Miller et  al, 2005). 

In particular, uPAR is a key component of the fibrinolytic 

system playing a role in extracellular matrix remodelling 

and angiogenesis. In vitro studies have demonstrated that 

uPAR cleavage/inactivation in fibroblasts is necessary for 

TGFβ-induced transition to α-SMA-expressing profibrotic 

myofibroblasts, and that downregulation of the uPA/uPAR 

system results in increased cell surface integrin expression 

and adhesion to the extracellular matrix required for the 

assembly of α-SMA into stress fibres, thus promoting a 

persistent myofibroblast phenotype (Bernstein et al, 2007; 

Wang et  al, 2012). Of note, uPAR-deficient mice sponta-

neously develop important histopathological hallmarks 

of SSc, such as dermal fibrosis, dermal microvascular 

endothelial cell apoptosis with reduced capillary density, 

progressive pulmonary fibrosis with non-specific interstitial 

pneumonia-like features, and myocardial fibrosis (Manetti 

et al, 2014b; Manetti et al, 2016). Moreover, recent studies 

have implicated a matrix metalloproteinase-12-mediated 

cleavage/inactivation of uPAR in SSc microvasculopathy, 

impaired angiogenesis, and endothelial-to-mesenchymal 

transition (Manetti et  al, 2017). Thus, uPAR inactivation 

may be an important mechanism linking fibrosis and 

peripheral vasculopathy in SSc.

Mediators of cytokine activity
Janus kinases (JAKs) are receptor-associated tyro-

sine kinases with central roles in cytokine- and growth 

factor-mediated signalling. In analogy with other receptor 

tyrosine kinases (eg, PDGF receptor), cytokine binding 

induces autophosphorylation and activation of JAKs. In 

turn, JAKs recruit and phosphorylate STAT proteins. On 

activation, STAT proteins dimerise and translocate into the 

nucleus, where they activate the transcription of several 

target genes. JAK2 is a key regulator of cytokine signalling, 

and alterations of JAK2 signalling cause profound changes 

in response to cytokine stimulation. Point mutations in 

the JAK2 gene, which result in constitutive activation of 

JAK2, are key events in the pathogenesis of myeloprolifera-

tive diseases, characterised by fibrotic changes in the bone 

marrow among other features. In SSc, TGFβ signalling can 

induce phosphorylation and activation of JAK2, which then 

interacts with phosphorylated STAT3 to induce fibrotic 

responses. Interestingly, JAK2 may be a downstream target 

of TGFβ in fibroblasts and also amplify TGFβ signalling 

by stimulating the expression of TGFβ. Both inhibition 

of STAT3 and overexpression of SOCS1, an endogenous 

suppressor of STAT signalling, reduced the expression of 
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TGFβ. Finally, selective inhibition of JAK2 was effective 

in inhibiting the development of fibrosis in several exper-

imental models, suggesting that JAK2 inhibitors might be 

promising treatments for patients with fibrotic diseases 

(Dees et al, 2012; Beyer and Distler, 2013b). Later studies 

have shown that the efficacy of JAK2 inhibitors decreases 

over time, mainly due to an escape mechanism mediated by 

transphosphorylation of JAK2 by JAK1. By using pan-JAK 

inhibitors, such as ruxolitinib, the persistent inhibition of 

JAK2 was achieved and effective downregulation of TGFβ 

signalling and more potent antifibrotic effects were reached 

in animal models of SSc (Zhang et al, 2017). 

The AP1 signalling complex is emerging as a key 

 profibrotic player that may be activated by the Smad- 

dependent canonical TGFβ pathway and other profibrotic 

signalling cascades. The central role of the AP1 complex is 

highlighted by the spontaneous development of fibrosis in 

the skin and internal organs of Fra-2 transgenic mice, which 

overexpress the AP1 transcription factor Fra-2 (Beyer 

et al, 2010; Reich et al, 2010). Of note, these mice exhibit 

fibrotic lesions and also vascular manifestations, including 

pulmonary hypertension and reduced numbers of dermal 

capillaries, closely resembling features of SSc vasculopathy 

(Maurer et al, 2009; Beyer et al, 2010). Although targeting 

of AP1 signalling by highly selective small molecules can 

inhibit experimental fibrosis (Avouac et  al, 2012), it is 

currently unclear whether this approach might be effective 

to treat vascular features of SSc.

Finally, in addition to the increased activity of pro -

fibrotic mediators, there is also evidence that an impaired 

expression of negative regulators of fibroblast activation 

and collagen synthesis, such as the Fli-1 transcription factor 

(Manetti, 2015b) and microRNAs (Vettori et al, 2012), may 

trigger fibrosis in SSc.

Nuclear receptors: master regulators of 
normal wound healing
Taking up again the hypothesis of fibrosis being the result 

of an uncontrolled wound healing process, it appears 

appealing to identify and target molecular regulators that 

control normal wound healing and that might be turned 

off or down in fibrotic diseases. So far, however, only a few 

studies have worked on strategies to (re-)activate endoge-

nous antifibrotic mechanisms.

Nuclear receptors are emerging as a master class of 

molecular regulators of wound healing whose failure to 

keep wound healing within its physiological limits might 

result in profibrotic processes. The nuclear receptor 4a1 

(NR4a1) has been identified as an endogenous regulator of 

TGFβ signalling by creating a negative feedback loop via 

the increase of its bioavailability and activity. At the molec-

ular level, NR4a1 recruits a repressor complex comprising 

SP1, SIN3A, CoREST, LSD1 and HDAC1 to TGFβ target 

genes to interfere with the profibrotic effects of TGFβ 

signalling. This negative feedback loop works perfectly 

well in temporary, acute upregulation of TGFβ but fails 

to downregulate persistent, chronic upregulation of TGFβ 

as present in fibrotic conditions. Of note, small molecule 

agonists of NR4a1 can overcome the lack of upregulation 

of active NR4a1 and restore antifibrotic activity in various 

model systems of fibrosis (Palumbo-Zerr et al, 2015).

Besides NR4a1, the nuclear receptors 1H2 and 1H3 (also 

called liver X receptors), the nuclear receptor NR1I2 (also 

called pregnane X receptor) as well as the nuclear receptor 

1I1 (representing the vitamin D receptor) and peroxisome 

proliferator-activated receptor (PPAR)-γ (Wei et  al, 2012) 

are emerging as molecular regulators controlling wound 

healing and preventing fibrosis (Beyer et  al, 2013; Beyer 

et al, 2015a; Zerr et al, 2015). In a recent study, the pan-PPAR 

agonist IVA337 demonstrated efficacy in preventing and 

treating experimental skin fibrosis in the bleomycin- 

induced mouse model of scleroderma (Ruzehaji et al, 2016).

Morphogen pathways
Recent work has established a central role of several 

morphogen pathways in fibroblast activation and tissue 

fibrosis in SSc. These include the Notch, Wnt and 

Hedgehog pathways, all of which are important regulators 

of embryonic development and adult tissue homoeostasis. 

For Notch signalling, lesional skin from patients with SSc 

shows upregulation of several mediators of this pathway 

(eg, Jag-1), which also persist in explanted SSc fibroblasts 

in vitro. Interestingly, treatment of healthy dermal fibro-

blasts with the Notch agonist Jag-1-Fc induces an activated, 

SSc-like phenotype, with enhanced release of extracellular 

matrix proteins and expression of contractile proteins. By 

contrast, blocking Notch signalling by pharmacological or 

genetic approaches inhibited the development of skin and 

lung fibrosis in different experimental models of SSc (Beyer 

and Distler, 2013a).

Wnt signalling has pleiotropic functions for physiolog-

ical tissue homeostasis, while dysregulation of this pathway 

is associated with various pathological conditions, including 

cancer, arthritis and degenerative neuronal diseases. In SSc 

there is growing evidence of an enhanced activity of the so 

called ‘canonical’ Wnt signalling. Patients with SSc show 
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increased levels of several Wnt ligands and target genes. Over-

expression of Wnt proteins can mimic classic features of SSc 

both in vitro and in vivo. In this context, Wnt10b transgenic 

mice show accumulation of collagen, dermal thickening 

and loss of subcutaneous fat tissue. Fibroblasts with active 

canonical Wnt signalling produce large amounts of extra-

cellular matrix components in vitro. As for many other 

profibrotic pathways, there is a close link to TGFβ signal-

ling. In fact, TGFβ stimulates the canonical Wnt pathway in 

a Smad-independent manner by decreasing the expression 

of the Wnt antagonist Dickkopf-1 (Dkk-1). Of note, trans-

genic overexpression of Dkk-1 inhibits experimental fibrosis, 

demonstrating that activation of canonical Wnt signalling 

significantly contributes to the profibrotic effects of TGFβ 

(Akhmetshina et al, 2012; Beyer and Distler, 2013a).

Finally, Hedgehog signalling also appears to be upreg-

ulated in lesional skin from patients with SSc. This is 

shown by overexpression of the ligand sonic Hedgehog 

(Shh), accumulation of the transcription factor Gli-2 and 

increased transcription of target genes. Similar to over-

expression of Wnt10b, overexpression of Shh is sufficient 

to stimulate collagen production in cultured fibroblasts and 

induce fibrosis. Vice versa, pharmacological and genetic 

inhibition of canonical Hedgehog signalling can block 

the development of fibrosis in different animal models 

(Beyer and Distler, 2013a). Hedgehog signalling is also a 

key profibrotic player in chronic graft-versus-host disease 

after allogeneic bone marrow transplantation, which shares 

many clinical and pathological features with dcSSc (Zerr 

et al, 2012). Moreover, non-canonical Hedgehog signalling 

is also required for the profibrotic effects of TGFβ. Gli-2 

binds to the promoters of TGFβ target genes and its inhibi-

tion may offer benefits over canonical Hedgehog pathway 

inhibition for the treatment of fibrosis, as targeted Gli-2 

inhibition simultaneously interferes with either canonical 

or non-canonical Hedgehog signalling and reduces the 

profibrotic effects of TGFβ (Liang et al, 2017). 

Epigenetic regulators of fibrosis
Epigenetics comprises cellular variations that are not 

caused by changes in the DNA sequence but by a plethora 

of non-encoded mechanisms that modulate the gene tran-

scription within a cell. Although this field is still emerging, 

a couple of investigations have already demonstrated a role 

of specific epigenetic mechanisms that play central roles in 

fibrotic processes.

DNA methyltransferases (DNMTs) regulate DNA tran-

scription by modifying the accessibility of genes to the 

transcription machinery. Hypermethylation of the anti-

fibrotic transcription factor gene Fli1 (Wang et  al, 2006), 

for example, results in enhanced profibrotic processes. Of 

note, hypermethylation can be reversed by the DNMT 

inhibitor 5-aza-2-deoxycytidine (5-aza) to treat fibrosis. As 

shown for renal fibrosis, DNMTs and associated signalling 

pathways may contribute to the profibrotic effects of DNA 

hypermethylation (Bechtel et al, 2010). 

An elegant study further highlights that epigenetic 

silencing of Fli1 as well as Krüppel-like factor 5 has important 

consequences for the development of fibrosis in SSc. Double 

heterozygous deficiency of both factors in mice, mimicking 

the epigenetic phenotype of SSc skin, spontaneously recapit-

ulates the three cardinal features of SSc, including fibrosis, 

vascular disease and B cell activation with autoantibody 

formation (Noda et al, 2014). Moreover, increasing evidence 

suggests that widespread Fli1 deficiency in multiple cell 

types, such as dermal fibroblasts and endothelial cells, may 

represent a unique mechanism linking dermal fibrosis and 

peripheral vasculopathy in SSc (Manetti, 2015b).

Similar to DNMT inhibitors, histone deacetylase 

(HDAC) inhibitors can reduce the development of TGFβ- 

and PDGF-induced fibrosis in experimental models of SSc. 

In particular, the non-selective HDAC inhibitor trichostatin 

A (TSA) inhibits TGFβ signalling by preventing the nuclear 

translocation and DNA binding of the Smad3/Smad4 

complex. Upregulation of the cell cycle inhibitor p21 on 

treatment with TSA may also inhibit the pathologic activa-

tion of fibroblasts (Huber et al, 2007). 

ROS and hypoxia in SSc
ROS and hypoxia may also have a crucial role in driving 

the fibrotic process in SSc (Gabrielli et  al, 2009). It is 

well known that in SSc repeated episodes of vasocon-

striction and chronic ischaemia and reperfusion lead to 

the generation of ROS and oxidative stress, which are 

strongly implicated in SSc pathogenesis. Several studies 

have shown decreased serum levels of antioxidants and 

increased markers of oxidative damage in patients with 

SSc. Interestingly, ROS can stimulate fibroblasts via acti-

vation of TGFβ and PDGF signalling (Baroni et al, 2006). 

Furthermore, the oxidative damage induced by ROS 

can lead to activation of Wnt signalling and thereby to 

fibrosis (Svegliati et  al, 2014). Recent findings highlight 

that mitochondrial DNA damage and respiratory chain 

defects might be involved in ROS-induced activation of 

TGFβ signalling (Gazdhar et  al, 2014). Moreover, tissue 

hypoxia occurring as a consequence of vascular damage 
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and capillary loss may directly contribute to the fibrotic 

process in SSc. Thus hypoxia acting primarily through the 

hypoxia-inducible transcription factor-1 may serve as a 

potent stimulus for the synthesis of extracellular matrix 

molecules, including collagen and fibronectin. Hypoxia 

stimulates the expression and secretion of TGFβ and 

CTGF, as well as the differentiation of myofibroblasts from 

their cellular precursors. During progression of fibrosis, 

the distances between blood vessels and interstitial cells 

increase, and this further decreases oxygen supply to 

resident fibroblasts. With tissue hypoxia becoming more 

severe, the profibrotic stimuli on fibroblasts increase 

further. This may result in a vicious circle of hypoxia and 

fibrosis in patients with SSc (Beyer et al, 2009).

Conclusion
Although the pathogenesis of SSc remains elusive, several 

studies published over the past few years have substan-

tially enhanced our understanding of the cellular and 

molecular basis of fibrosis in SSc, which hopefully will 

aid investigators in developing more targeted treatments 

for this devastating disease (Wynn and Ramalingam, 

2012). Indeed, identifying new mechanisms of pertur-

bation in signalling pathways and molecular mediators 

implicated in the fibrotic process of SSc will allow their 

selective targeting. This, in turn, opens the door for treat-

ments using new compounds, or innovative uses of drugs 

already approved. However, in view of the heterogeneous 

clinical presentation and unpredictable course of SSc, 

only robust clinical trials will clarify the clinical useful-

ness of these innovative approaches.
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Introduction
Why is systemic sclerosis (SSc) considered to be an 

autoimmune disease? The main reason is that almost 

all individuals in whom SSc is being diagnosed harbour 

autoantibodies directed against nuclear components, a 

hallmark of autoimmunity. Furthermore, some individuals 

may present with clinical features typical of SSc overlapping 

with features of other systemic autoimmune disorders such 

as systemic lupus erythematosus, rheumatoid arthritis, 

polymyositis, etc, which undoubtedly reinforces the 

thought of SSc being of autoimmune origin. If this were 

true, then we should be capable of reproducing the disease 

in animal models in which the immune response could be 

manipulated, in order to initiate events ultimately leading 

to the typical SSc features, including fibrosis of the skin 

and internal organs and the vasculopathy (Del Galdo and 

Matucci-Cerinic, 2014). Furthermore, we should be able 

to transfer the essential clinical features of the disease with 

the passive transfer of cells (or their products) belonging 

to the immune system. We should admit, however, that we 

are still quite a way from having identified such a model 

for SSc. Indeed, among the many autoimmune systemic 

disorders, SSc occupies the end of a spectrum with both 

fibrosis and vasculopathy being loosely explained by 

autoimmune events. Should we consider at all that SSc is 

an autoimmune disorder? Well, distinct direct and indirect 

evidence provides grounds for thinking that SSc is indeed 

an autoimmune disorder (Chizzolini et al, 2011) (box 1).

First, the large majority of individuals with SSc carry 

autoantibodies (autoAb) directed against nuclear anti-

gens. Furthermore, distinct autoAb specificities found 

in SSc typically associate with distinct clinical subsets. 

9 Immunological changes in 
systemic sclerosis

Carlo Chizzolini, Francesco Del Galdo

Learning objectives

•	 To understand the role of innate immunity in systemic sclerosis (SSc).

•	 To understand the role of the adaptive immune response in SSc.

Box 1 Direct and indirect evidence of the 
autoimmune nature of systemic sclerosis.

•  Presence of disease-specific autoantibodies.
•  Presence of oligoclonal T cell infiltrates charac-

teristic of early skin lesions.
•  Increased collagen synthesis in fibroblasts adja-

cent to inflammatory infiltrates rich in T cells.
•  Unbiased screening of the gene polymor-

phisms associated with systemic sclerosis (SSc) 
has predominantly identified genes relevant 
to innate and acquired immune responses, in-
cluding human leucocyte antigen (HLA) genes.

•  Skin and microvascular improvement has been 
observed in some SSc patients after very inten-
sive immunosuppression followed by autolo-
gous stem cell transplantation.
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For example, autoAb against the centromere, particu-

larly the centromeric protein B (Cenp-B), are associated 

with the limited cutaneous form of SSc in which skin 

involvement typically does not extend proximally to 

the elbow or knee, while antibodies directed against 

DNA topoisomerase-1 (anti-Topo-1, also known as 

anti-Scl-70) are associated with the diffuse form of SSc 

in which skin involvement extends proximal to the elbow 

and knee. Furthermore, less frequent autoAb specificities 

such as anti-RNA polymerase III are associated with an 

increased risk of developing scleroderma renal crisis, and 

anti-U3-RNP antibodies (also known as anti-fibrillarin 

Ab) are prevalent in individuals developing pulmonary 

arterial hypertension. Of further interest, autoantibody 

specificities are associated with demographic and genetic 

characteristics. Thus, the clinical-serological associations 

suggest—but do not prove—that the quality of the auto-

immune response may influence the disease phenotype, 

arguing for a causal relationship.

Second, it is known that very early in the disease 

course, sometime before overt vasculopathic changes 

can be appreciated, when fibrosis is preceded by the 

oedematous phase, an inflammatory infiltrate is charac-

teristically present in the dermis. Of interest, increased 

numbers of activated tissue macrophages, and T and B 

cells, are present in this infiltrate. Furthermore, type I and 

III collagen synthetic activity is increased in fibroblasts 

adjacent to the inflammatory infiltrate, thus suggesting 

that mediators released by inflammatory cells in general 

and T cells in particular may enhance collagen deposition 

by fibroblasts. T cells infiltrating the skin bear an oligo-

clonal T cell receptor (TcR) repertoire, suggestive of an 

(auto)antigen driven expansion. Similarly, oligoclonal T 

cells arise in vitro when T cells are co-cultured with fibro-

blasts.

Third, when gene associations with SSc were searched 

for with an unbiased approach, as permitted by genome 

wide association scans (GWAS), the gene polymorphisms 

that were identified to be in a relationship with SSc mostly 

belonged to genes involved in the immune response, 

whether of the adaptive or innate arms. In this respect, it is 

important to stress that the human leucocyte antigen (HLA) 

region bears the strongest linkage to SSc susceptibility and 

confirms data generated almost 30 years ago indicating that 

specific HLA alleles are associated with distinct disease 

clinical presentations. It is useful here to stress that HLA 

alleles are in general strongly associated with autoimmunity, 

which further support similarities between SSc and other 

systemic autoimmune diseases.

Fourth, while no cure is available for SSc, clinical studies 

indicate that very profound immunosuppressive regimens 

followed by rescue of haematopoiesis by transplantation of 

autologous haematopoietic stem cells not only decrease skin 

fibrosis but also seem to decrease microvascular abnormali-

ties and prolong overall survival in SSc patients. 

These data suggest that the immune system is deeply 

involved in events related to both fibrosis and vasculo- 

pathy, and that by wiping out the cells of the immune system 

and particularly those belonging to the adaptive arm, one 

can relieve fibroblasts and endothelial cells from signals 

favouring their dysfunction.

In this chapter we will review the evidence illustrating 

immunological abnormalities characteristic of SSc, partic-

ularly focusing on T cells and cells involved in the innate 

immunity response. We will also address, to some extent, 

the role of B cells, while the role of humoral immunity and 

autoAb is addressed elsewhere in this publication.

Role of innate immunity in SSc
Advances in the understanding of innate immunity have 

shed some light on the interpretation of autoimmunity in 

scleroderma. For more than a decade it has been known that 

a specific profibrotic T cell function polarisation is present 

in SSc, and it has become apparent that an abnormal acti-

vation of cells like macrophages/dendritic cells and natural 

killer cells may be crucial in driving this T cell polarisation 

into a profibrotic function. Indeed, cells of innate immu-

nity represent a first line of defence against pathogens and 

true or false ‘non-self ’ and their dysfunction may indeed 

promote and sustain autoimmunity. Recently plasmacytoid 

dendritic cells (pDCs) have been shown to play a crucial 

role in the production of type I interferon (IFN) following 

exposure to necrotic or nuclear bodies present in SSc sera. 

Production of IFN is known to prime the inflammatory 

response and upregulate expression of HLA, ultimately 

promoting and sustaining the adaptive immune response 

(Brkic et al, 2016).

Although monocytes/macrophages are key cellular 

elements of the innate immune response, ultimately all cells 

carrying the ability to recognise danger or non-self-signals 

through pattern recognition receptors, and in turn activate 

the inflammasome, can be considered as part of an innate 

immunity and play a role in the onset of autoimmunity. 
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These include fibroblasts, microvascular endothelial cells 

and keratinocytes. 

Pattern recognition receptors in SSc
The most important class of sensors in innate immunity are 

pattern recognition receptors (PRRs), of which Toll-like 

receptors (TLRs) represent the best known family. TLRs 

drive inflammation and control the immune response 

by detecting common molecular motifs, including RNA 

ligands (TLR 3–7–8), DNA ligands (TLR9) and bacterial 

cell surface molecules (TLR2, 4, 5, 6).

Activation of TLRs, like the other PRRs, stimulates 

cytokine production (including interleukins (IL)-1, IL-18, 

IL-33, IL-6 and class I IFNs), massive chemokine produc-

tion and antigen presentation, and ultimately promotes 

development of a specifically polarised adaptive immune 

response.

The aberrant activation of the innate immune system in 

scleroderma is suggested by several studies mainly reporting 

increased levels of expression/production of molecules 

classified as IFN responsive genes such as IL-18, allograft 

inflammatory factor-1, Siglec-1 and others. These genes 

are induced by innate system activation and their increased 

concentration reflects activation like autoantibodies reflect 

the activation of B cells. Though the links with fibrosis are 

not totally elucidated, the involvement of TLR2, 3 and 4 

has been suggested by most of the published studies. Stim-

ulation of dendritic cells from patients with early lcSSc 

and dcSSc with ligands for TLR2, TLR3 or TLR4 resulted 

in higher secretion of IL-6 and tumour necrosis factor α 

(TNFα) compared with those having late disease or healthy 

controls, suggesting a hyperactivation status of these cells in 

SSc patients. Human SSc monocytes activated by the TLR8 

ligand ssRNA (and to a lesser extent by LPS/TLR4) produce 

enhanced levels of tissue inhibitor of matrix metallopro-

teinases 1 (TIMP-1) (Ciechomska et al, 2013). Furthermore, 

chronic Epstein-Barr virus infection, specifically demon-

strated in human SSc fibroblasts, results in TLR7 and TLR9 

enhanced expression leading to interferon-regulatory factor 

(IRF) signalling and enhanced collagen production (Farina 

et al, 2014). In vivo studies indicated that mice with genetic 

ablation of TLR4 are protected from bleomycin induced 

fibrosis and display a reduced tissue fibrosis when crossed 

with tight skin 1 (TSK-1) mice. Concordantly, TLR4 has 

been shown to be involved in the production of CCL2 by 

fibroblasts in response to stimulation with SSc specific anti-

fibroblast antibodies. 

Chemokines
Chemokines are chemotactic cytokines with homeostatic 

and inflammatory functions, which not only direct the 

movement of inflammatory cells in our tissues, but also 

actively participate in a variety of biological processes 

including organogenesis, vasculogenesis, tumour devel-

opment, fibrosis, etc. They are one of the major products 

of activation of the innate immune system; thus it is no 

surprise that in SSc profound alterations of the chemokine 

network have been described. 

Chemokines are divided into two larger families whose 

sequence is characterised by the presence of two contiguous 

cysteines (CC chemokines) or two cysteines separated by an 

intervening amino acid (CXC chemokines). Chemokines 

bind to, and signal through, G-protein-coupled 7-trans-

membrane receptors. CC chemokines bind to CC receptors 

(CCR) and CXC chemokines to CXCR. It is beyond the 

scope of the present chapter to review all the alterations 

described in the chemokine network in SSc. We will high-

light a few of them, which we find particularly interesting 

because evidence acquired in animal models makes it 

possible to link their pro- or antifibrotic activity to their 

pro- or antiangiogenic activity, an interesting perspective in 

SSc, in which vasculopathy coexists with fibrosis. 

Monocyte chemotactic protein-1 (MCP-1/CCL2) binds 

to CCR2, is produced by a large variety of cells, and high 

serum levels are associated with early diffuse SSc and inter-

stitial lung disease (ILD). In bronchoalveolar lavage fluid 

(BALF), higher levels are associated with worse lung func-

tion and CT score for lung fibrosis. SSc fibroblasts show 

higher production when compared with control fibroblasts. 

Furthermore, MCP-1 enhances the fibroblasts’ production 

of both type I collagen and interstitial collagenase. Mice defi-

cient in CCR2 are resistant to bleomycin-induced fibrosis, 

an effect that has been related to the pro- angiogenic activity 

of MCP-1. Furthermore, MCP-1 favours the expansion of 

Th2 cells and IL-4 in its turn enhances MCP-1 production, 

thus favouring a profibrotic loop. 

Interleukin-8 (CXCL-8) has been found elevated in SSc 

serum and BALF, and its raised levels are associated with 

ILD, active alveolitis and lower forced vital capacity. In the 

mouse, the neutralisation of the IL-8 equivalent (MIP-2) 

protects from bleomycin-induced lung fibrosis, an effect 

that has been related, at least in part, to the proangiogenic 

activity of MIP-2. Indeed, IL-8 and MIP-2 favour angio- 

genesis, a characteristic shared by CXC chemokines 

harbouring the ELR (glutamic acid-leucine-arginine) motif. 
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IFN-induced protein 10, IP-10 (CXCL-10), lacks 

the ELR motif, and is mainly produced by neutrophils, 

monocytes, endothelial cells and epithelial cells. In SSc 

high serum levels are associated with pulmonary hyper-

tension and vascular manifestations. Interestingly, IP-10 

neutralisation as well as the lack of CXCR3 (the receptor 

for IP-10, CXCL-9 and CXCL-11) enhances fibrosis 

development in bleomycin mouse models, an effect 

thought to be related to the antiangiogenic activity of 

this family of chemokines.

CXCL-4, which is also known as platelet factor 4 

(PF4), has been recently shown to be elevated in SSc sera 

correlating with the extent of skin and lung fibrosis as well 

as the presence of pulmonary arterial hypertension. Mech-

anistically, it was shown to be produced by plasmacytoid 

dendritic cells (pDC) and to enhance the production of 

IFNα induced by TLR ligands, particularly in pDC from 

SSc patients. Furthermore, by enhancing the production 

of endothelin-1 (ET-1) and decreasing the expression of 

Fli-1, CXCL-4 could participate in SSc vasculopathy (van 

Bon et  al, 2014). Although these results need replication, 

they may provide further evidence for a tight relationship 

between inflammation, fibrosis and vasculopathy. 

NK cells 
Natural killer (NK) cells are fundamental in bridging the 

innate and adaptive immune response. NK cells are circu-

lating cells from the lymphoid lineage, larger than B and T 

cells and characterised on their surface by the co-expression 

of CD16 (a low affinity Fcγ receptor III) and CD56. The 

sole expression of these two receptors makes them a poten-

tially very important cell type in the interplay between the 

immune system and fibroblasts for their ability to directly 

bind tissue fibroblasts. Indeed, NK cell abnormalities have 

been reported in SSc, but with often conflicting results 

regarding their number, their activation status and their 

killing ability. For this reason, their potential role in the 

pathogenesis of SSc remains largely unknown. 

Like CD8+ T cells, NK cells have distinctive cytotoxic 

cytoplasmic granules, and they owe their name to their 

ability to kill other cells by releasing these granules, without 

the need for prior immunisation or activation. In this sense, 

their physiological function is to kill cells infected by virus 

or other intracellular pathogens, or with mutated intra-

cellular antigens (see neoplastic cells), while the adaptive 

immune response generates antigen-specific cytotoxic T 

cells that can clear the same target. The killing ability of NK 

cells is mediated by the signalling downstream of a class of 

receptors called killer cell immunoglobulin-like receptors 

(KIR). KIRs are polymorphic receptors which recognise 

specific HLA class I ligands, and can exert both an anti-

killing (long cytoplasmatic chain: KIR2DL, KIR3DL) and 

pro-killing activity (short cytoplasmatic chain: KIR2DS, 

KIR3DS). KIR2DS positive cells have been found to be 

increased in number in SSc, suggesting a potential role 

in inducing apoptosis in cells not displaying the adequate 

HLA class I ligand in SSc.

This same killing function and surface marker expres-

sion of NK cells are shared by a small proportion of 

CD3-positive T cells bearing a specific TCR repertoire, 

indicated as NK-T cells. These cells can recognise glyco-

lipid antigens in the context of CD1d, to which they 

respond by releasing immunoregulatory cytokines and 

serving as potent immunomodulators. 

In general, NK-T and NK cells can polarise into at least 

two functionally distinct subsets, NK type 1 (NK1) and 

NK2, analogous to T cell subsets Th1 and Th2. Given their 

ability to produce immunomodulatory cytokines very early 

in the immune response, they exert a crucial immuno- 

regulatory function and are crucial in regulating the balance 

between tolerance and autoimmunity by modulating the 

activation status of antigen presenting cells.

Both the killing ability and the cytokine production of 

NK cells are potently activated in response to IFNs and 

IL-12 and in this regard they may play a very important role 

in SSc, bridging the innate immune response with auto- 

immunity.

ILCs (innate lymphoid cells) 
Innate lymphoid cells (ILCs) have been recently identified. 

They are endowed with the capacity to produce IFNγ, or 

IL-4/IL-13 or IL-17/IL-22 under the control of differ-

entially expressed master transcription factors. In this 

perspective, they resemble T helper cells with a polarised 

capacity to produce cytokines. However, they are activated 

on PAMP (pathogen-associated molecular pattern) or 

DAMP (damage-associated molecular pattern) binding to 

PRR and do not possess TcR. On activation, ILCs are fast 

producers of cytokines. Therefore, they may anticipate 

and shape the adaptive T cell response. Little is known yet 

about ILCs in SSc; however, some evidence points to an 

expansion of ILC2 (producing IL-4/IL-13) in the blood or 

in the skin. Thus, they may contribute to a dysregulated 

environment favouring fibrosis.
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Role of adaptive immune response in 
SSc

T cells
T cells are fundamental actors of the adaptive immune 

response; they are identified by their surface expression 

of the T cell receptor (TcR) and CD3 and are extremely 

heterogeneous in terms of phenotype and function. There 

are two families of TcRs. One larger family in which the 

heterodimeric TcR is composed of one α and one β chain, 

while the other smaller family is composed of one γ and 

one δ chain. α/β TcR use classical major histocompati-

bility complex (MHC) molecules to recognise peptides 

processed by antigen-presenting cells. CD4+ T cells are 

mostly cells that help B cells, permitting the affinity matu-

ration and isotype switch of the immunoglobulin that they 

use as antigen receptor (BcR), which on terminal differen-

tiation will be produced and released in very large amounts 

by plasma cells. CD4+ T cells also directly contribute to 

inflammatory reactions by releasing a vast array of distinct 

cytokines. A subset of CD4+ T cells has the capacity to 

regulate the immune response and is named Treg. One 

other major subset is characterised by the expression of 

the CD8 accessory molecule and is endowed with cyto-

lytic function fundamental for the killing of virus-infected 

cells. CD4+ T cells recognise peptides derived from the 

processing of antigens within MHC class II molecules, 

while CD8+ T cells use MHC class I molecules to recog-

nise their nominal antigen. 

CD4+ helper T cells

On passing positive and negative selection, naïve CD4+ 

T cells emerging from the thymus do not produce cyto-

kines. The micro-environmental circumstances within the 

secondary lymphoid organs in which they first encounter 

the antigen (peptide) will direct their cytokine produc-

tion, which ultimately will impact on their function. Thus, 

if a naïve T cell initiates cell proliferation upon antigen 

encounter in the presence of IL-12 and/or IFNs, this T 

cell will polarise toward a preferential production of IFNγ 

and will be named Th1. If the differentiation process takes 

place in the presence of IL-4, the CD4+ T cells will prefer-

entially produce IL-4, IL-5 and IL-13 and be named Th2. 

In the case of antigen encounter in the presence of inflam-

matory cytokines such as IL-1 and IL-6 with transforming 

growth factor β (TGFβ) and IL-23, then the CD4+ T cells 

will preferentially produce IL-17 and be named Th17. 

Additional subsets with preferential production of IL-9 

or IL-22 to IL-10 have been identified and named Th9, 

Th22 and Tr1, respectively. Of interest, naïve CD4+ T cells 

may be induced to become cells with regulatory functions 

(iTreg) when encountering the antigen in the presence of 

TGFβ and IL-2. As shown in figure 1A, Th1, Th2, Th17 

and other subsets not only produce different types of 

cytokines, but also express distinct master transcription 

factor and use different signal transduction pathways 

during their differentiation process and most importantly 

they play distinct roles in pathophysiological processes 

(Zhu et  al, 2010). To which extent these cell subsets are 

terminally differentiated rather than examples of transient 

states that may dynamically modify their characteris-

tics and the pattern of cytokines they produce according 

to modified environmental situations is still a matter of 

debate. This uncertainty is particularly true for the Th9, 

Th17, Th22 and Treg subsets (figure 1B). Nonetheless, the 

identification of these subsets and the demonstration of 

their involvement in animal models of immunopathology 

represent a substantial advancement in our understanding 

of the characteristics of the immune response. It should 

further be stressed that while most of our knowledge 

on polarised patterns of cytokine production has been 

obtained in CD4+ T cells, it is also clear that CD8+ T 

cells may, under some circumstances, acquire a polarised 

cytokine production pattern, which allows their differen-

tiation in discrete subsets named Tc1 and Tc2 or Th1-like 

and Th2-like.

T cell cytokines in animal models of fibrosis

Transcriptome analyses in animal models performed 

before the identification of Th17 cells have shown that 

genes involved in wound healing and fibrosis are associ-

ated with Th2 polarised responses and are characterised by 

the production of IL-4, IL-5, IL-13 and IL-21 as opposed 

to IFNγ. Considerable evidence indicates that type 2 

polarised responses are indeed important for fibrosis devel-

opment (Wynn, 2004). Interestingly, IL-4 and IL-13 have 

been shown to enhance collagen synthesis by fibroblasts 

while IFNγ has an inhibitor effect. The in vivo relevance 

of IL-4 in fibrogenesis has been documented in several 

animal models including among others TSK-1 mice, where 

a targeted mutation of the IL-4 receptor α-chain or IL-4 

gene can prevent development of fibrosis. Additional data 

indicate that IL-13 interaction with the IL-13Rα2 receptor 

induces in macrophages the production of TGFβ  and 

drives enhanced collagen synthesis and fibrosis. Therefore, 

the dichotomous view of the adaptive immune response 

condensed in the Th1 and Th2 paradigm can appropri-

ately be translated in the field of fibrosis as Th2/Tc2 cells 
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being profibrotic and Th1/Tc1 cells being antifibrotic. More 

recently, a predominant role for IL-17A in conjunction with 

IL-1β has been defined in bleomycin-induced lung fibrosis, 

as opposed to the Schistosoma mansoni eggs mouse model 

where a Th2 cellular response predominates. Taking a 

different approach, dermal fibrosis induced by bleomycin 

has been assessed in mice deficient or sufficient in STAT-4, 

a transcription factor whose polymorphism has been asso-

ciated with autoimmunity including SSc and is important 

for Th1 polarised responses (figure 1A). Strikingly, STAT-4 

deficient mice were protected against bleomycin-induced 

fibrosis, thus suggesting that the inflammatory response 

induced by bleomycin could enhance fibrosis through a 

Th1-like response. It should be noted, however, that the 

fibrotic reaction observed in response to bleomycin treat-

ment may develop in the absence of functioning T cells, 

thus an unequivocal interpretation of these results is not at 

hand.

Cytokine production by T cells in SSc

It is thought that the cytokines produced by T cells may 

have a major impact on endothelial cells and fibroblast 

function, and can yield effects favouring or inhibiting 

vascular disease and development of fibrosis. Therefore, 

attention has been focused on the identification of the 

pattern of cytokines produced by the T cells in SSc. 

Most of the studies performed in SSc patients have 

investigated the characteristics of T cells present in the 

peripheral blood. Although this is justified because access 

is easier, it is worth noting that the peripheral compartment 

may not reflect the ongoing inflammatory process present 

in different target organs such as the skin or the lungs, and 

it may imperfectly represent the complexity associated with 

T cell responses in SSc. In addition, it has not been demon-

strated that the mechanisms leading to fibrosis in different 

tissues and organs or in different SSc subsets (ie, lcSSc vs 

dcSSc) are uniformly the same. Finally, the T cell contribu-

tion to disease development may vary substantially in the 

first few years of disease development, when it progresses, 

or later during the atrophic phase.

Not surprisingly, there is a functional heterogeneity 

among T cells present in the peripheral blood and those 

infiltrating the skin or the lungs in SSc patients. While a 

few studies suggest the predominance in SSc of polar-

ised T cells preferentially producing IFNγ and therefore 

belonging to the Th1 subset, the large majority report a 

preferential expansion of T cells producing high levels of 

IL-4 and therefore belonging to the Th2 subset, particularly 

in subjects with early active or severe disease. Accordingly, 

in SSc patients IL-4 and IL-13 serum levels are increased 

(table 1), inflammatory skin infiltrates exhibit high IL-4 

and low IFNγ mRNA expression, and the number of 

CD30+ T cells in the skin and the levels of serum soluble 

CD30 are higher (CD30 being preferentially expressed by 

Th2 cells). Furthermore, the frequency of IL-13 producing 

CD8+ T cells in the peripheral blood is associated with 

severity of skin fibrosis, while that of IL-4 producing CD8+ 

Figure 1 T helper subsets, the cytokines important for their differentiation from naïve CD4+ T cells, their master transcription factors and 

key intracellular signalling molecules, and main functions. Panel A represents a model illustrating the four classical terminally differen-

tiated major T helper subsets. (This figure is inspired by  Zhu and Paul, 2008). Panel B represents a model in which are included newer T 

helper subsets and in dotted lines pathways followed for conversions from one to another subset. This model stresses the possibility that Th 

subsets do not represent terminally differentiated cell types, but rather transient states which under the influence of cytokines present in 

the microenvironment may modify the pattern of cytokines they produce and therefore their function (figure author: Nicolò C Brembilla). 

IFNγ, interferon γ; IL, interleukin; TGFβ, transforming growth factor β.
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T cells quantitatively predict a faster decline in lung func-

tion, and the presence of CD4+CD8+ double positive T 

cells with very high IL-4 production potential clearly distin-

guish SSc skin from controls. The recent demonstration 

that the enhanced production of IL-13 in SSc depends on 

the intrinsic expression of the master transcription factor 

GATA-3 in CD8+ T cells further stresses dysregulation at 

the T cell level in SSc (Fuschiotti et al, 2013). Of interest, 

microchimeric T cells of male origin recovered from the 

peripheral blood and skin of an SSc-affected woman prefer-

entially produce IL-4. In keeping with a preferential skewed 

Th2 pattern, the stimulation of dendritic cells by TLR 

agonists was shown to result in less IL-12 production when 

SSc were compared with control dendritic cells, which may 

hint at a decreased polarisation force toward Th1 differen-

tiation in SSc. Further support in favour of a profibrotic role 

of Th2-like responses has been obtained by showing that 

thymic stromal lymphopoietin (TSLP) is highly expressed 

in SSc skin, where it induces, among others, the expres-

sion of IL-13 and TGF-β, particularly in response to TLR3 

ligands. Furthermore, TSLP receptor knock-out mice are 

partially protected against bleomycin-induced skin fibrosis.

While Th2 cytokines directly favour collagen produc-

tion by fibroblasts (figure 2), and consequently the presence 

of Th2-like cells may be directly linked to fibrosis devel-

opment, the reality in human SSc appears more complex. 

For example, a higher frequency of Th1 cells in the periph-

eral blood and increased serum levels of IL-12, a cytokine 

favouring Th1 cell differentiation, have been reported in 

SSc patients. Interestingly, this was detected especially in 

subjects with later stages of the disease, when fibrosis tends 

to regress. Consistent with these findings, profound phar-

macological immunosuppression followed by autologous 

haematopoietic stem cell transplantation results, in most 

patients, in improved skin scores, which are paralleled by 

an increase in Th1/Th2 cell ratios.

Adding to the complexity of our knowledge about T cell 

function in SSc, recent findings indicate a role for IL-17 and 

the cytokines promoting Th17 cellular subset differentiation 

Figure 2 Schematic representation of the effect of Th1, Th2 and 

Th17 cells on the production of type I collagen and proliferation in 

fibroblasts (figure author: Nicolò C Brembilla). ECM, extracellular 

matrix; IFN, interferon; IL, interleukin.

Table 1 Evidence indicating a preferential Th2 response in SSc and relevant animal models.

IL-4 Increased levels in the serum of SSc individuals
Enhanced expression in SSc skin
Enhanced production in BALF correlates with greater decline in lung functions
Presence of CD8+ T cells producing IL-4 in BALF
Presence of CD8+ and CD4+CD8+ double positive T cells producing IL-4 in SSc skin
Presence of microchimeric alloreactive CD4+ T cells producing IL-4 in blood and skin
Presence in SSc skin of Treg producing IL-4 and expressing high levels of the receptor for IL-33
Involved in skin fibrosis in TSK-1/+ mice

IL-13 Increased levels in the serum of SSc individuals, correlates with mRSS
Presence of CD8+ T cells with enhanced expression of GATA-3 and production of IL-13 in the peripheral blood and 
skin of SSc which correlate with skin score and lung involvement 
IL-13 inhibition attenuates bleomycin-induced lung fibrosis
IL-13 over expression causes lung fibrosis
IL-13 deficiency protects against FITC-induced lung fibrosis
IL-13 mediates fibrosis induced by bleomycin in T bet null mice

TSLP Increased expression in SSc, induces the expression of IL-13 and TGFβ on stimulation with TLR3 ligands

BALF, bronchoalveolar lavage fluid; FITC, fluorescein isothiocyanate; IL, interleukin; mRSS, modified Rodnan Skin Score; SSc, systemic 
sclerosis; TGFβ, transforming growth factor β; TLR, toll-like receptor, TSLP, thymic stromal lymphopoietin.
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and expansion. Increased levels of IL-17 have been detected 

in the sera of SSc patients. The frequency of Th17 cells 

appears to be increased in the peripheral blood of SSc indi-

viduals and in BALF obtained from patients suffering from 

SSc-ILD. IL-17A+ cells are increased in the dermis of SSc 

individuals compared with controls. While IL-17A has 

been reported to induce IL-6 and IL-8 production, as well 

as intercellular adhesion molecule 1 (ICAM-1) expression 

in human fibroblasts and to enhance their proliferation, it 

also directly enhances the production of matrix metallopro-

teinase-1 (MMP-1) and inhibits type I collagen induced by 

TGFβ in fibroblasts (table 2). Furthermore, the number of 

IL-17A+ cells inversely correlates with skin thickness. Thus, 

it is well possible that in humans, IL-17, whose increased 

production is associated with autoimmunity, may act as 

an antifibrotic inflammatory mediator. In this respect, it 

is worth mentioning that prostanoids currently used to 

treat SSc vasculopathy, including prostaglandin I2 (PGI2), 

increase in vivo the number of Th17 cells. Therefore they 

could not only be beneficial to the vascular compartment, 

particularly to endothelial cells, but also more widely 

modulate the inflammatory response (Brembilla and Chiz-

zolini, 2012). In addition to IL-17A, other members of 

the IL-17 family have been documented in SSc, including 

IL-17F, IL-17C and IL-17E (also known as IL-25). High 

IL-17E and low IL-17C dermal expression characterises SSc 

as well as morphoea when compared with healthy skin, thus 

suggesting that this expression pattern may be functionally 

linked to skin fibrosis.

Regulatory T cells

Regulatory T cells (Tregs) are thought to be critical in 

maintaining immunologic self-tolerance and preventing 

autoimmunity. For some authors, the number of Tregs 

is markedly increased in all clinical SSc phenotypes, but 

these Tregs exhibit a diminished capacity to control CD4 

effector T cells. Furthermore, this defective function seems 

to correlate with lower expression of CD69 and TGFβ. For 

others, there is a quantitative reduction of Tregs in the 

skin but not in the peripheral blood of affected patients. 

Keeping in mind that the identification of T cells with 

regulatory function in humans remains problematic, it is 

important to emphasise that T cell homeostasis may be 

profoundly altered in SSc. Recently, it has been reported 

that X-chromosome inactivation is more skewed in SSc 

Table 3 Dysregulated cytokines found in humans affected by SSc with potential for polarising T cell responses.

Cytokine Polarising 

towards

Findings in SSc

IL-1 Th17 Constitutively upregulated in SSc fibroblasts with a nuclear localisation

IL-4 Th2 See table 1

IL-6 Th17 Increased in SSc serum and BALF, correlates with mRSS

IL-12 Th1 Increased in SSc, increases with disease duration, increases concomitantly with reduced skin 
fibrosis

IL-23 Th17 Increased in SSc serum

IFNα Th1 Increased serum levels, correlate with ILD and DU

TGFβ iTreg, Th17 Considered a master profibrotic cytokine involved in SSc fibrosis, upregulated in the skin of a 
subset of SSc individuals as detected by microarray

BALF, bronchoalveolar lavage fluid; DU, digital ulcer; IFNα, interferon α; IL, interleukin; ILD, interstitial lung disease; mRSS, modified 
Rodnan Skin Score; SSc, systemic sclerosis; TGFβ, transforming growth factor β.

IFNγ Serum levels lower in SSc than in CRTL; produced by T cells infiltrating the SSc skin; IFNγ mRNA present in SSc-
ILD

IL-2 Increased in SSc serum, correlates with disease progression

IL-10 Increased in SSc serum, correlates with mRSS and ILD

IL-17 Increased in SSc serum, increased frequency of Th17 cells. Decreases type I collagen production induced by TGFβ, 
IL-17A+ cell numbers in the dermis correlate inversely with mRSS

CTRL, controls; IFNγ, interferon γ; IL, interleukin; ILD, interstitial lung disease; mRSS, modified Rodnan Skin Score; SSc, systemic sclerosis; 
TGFβ, transforming growth factor β.

Table 2 Dysregulated T cell cytokines found in humans affected by SSc other than prototypical Th2 cytokines.
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than in the general population, and that this is not related 

to age. In addition, skewed X chromosome usage correlates 

with lower FoxP3 expression in the CD25+high Treg cells. 

An intriguing twist to this topic has been brought about 

by the demonstration that FOXP3-positive cells with high 

IL-4 and IL-13 production are enriched in the skin of SSc 

patients compared with normal controls. The authors 

concluded that these FOXP3+ T cells may indeed be 

Tregs with a functional Th2-like phenotype, which could 

contribute to enhancing a profibrotic response in dermal 

fibroblasts. Of interest, this study also found that skin- 

infiltrating FOXP3+ T cells express high levels of the 

IL-33 receptor ST2 (64), and that the number of IL-13- 

producing FOXP3+ T cells is increased by culturing SSc 

skin biopsies in the presence of IL-33 (MacDonald et al, 

2015). This, together with the fact that only skin but not 

peripheral blood FOXP3+ T cells manifested this aberrant 

Th2-like behaviour, further support the possibility that 

the skin of SSc patients provides the appropriate environ-

ment for trans differentiation of Tregs (CD4+FOXP3+ T 

cells) toward a Th2-like phenotype with the consequent 

amplification of a profibrotic loop.

Fibroblasts carry CD40 on their surface and can respond 

on engagement with its ligand CD40L (CD154) expressed 

on activated T cells. Interestingly, CD40 is upregulated 

on SSc fibroblasts, and T cells from SSc patients exhibit a 

higher expression of CD40L. In addition, serum levels of 

both soluble CD40 and CD40L molecules are increased in 

SSc. All these findings, together with the fact that blockade 

of the CD40-CD40L interaction attenuates fibrosis in 

the TSK-1 mouse model, indicate a possible role for this 

biologic axis in fibrogenesis. The interaction of T cells with 

fibroblasts may occur also through membrane bound cyto-

kines. T cell membranes from activated Th1 and Th2 cells 

have been shown to inhibit fibroblast collagen I production 

through different molecular mechanisms. In fact, Th1- 

mediated inhibition was shown to depend on IFNγ func-

tion, while Th2 cell-dependent inhibition was essentially 

mediated by TNFα. In addition, T cell contact inhibition 

was dominant over profibrotic IL-4 and TGFβ cytokines, 

and was specific for collagen I, since mRNA levels of 

COL1A1 were decreased, while mRNA levels of MMP-1 

were strongly increased. 

As previously mentioned, the detection in the SSc 

skin or lungs (BALF) of an oligoclonal expansion of T 

cells belonging to the α/β T cell receptor (TcR) subset 

supports the concept of an antigen-driven local recruit-

ment. In addition, topoisomerase-1-specific T cells also 

appear to utilise a very restricted α/β TcR. Of further 

interest, it has been shown that a higher proportion of 

SSc women have circulating male cells compared with 

controls, and that male cells can be recovered from 

tissues undergoing fibrosis. The hypothesis that this 

microchimerism may be relevant to the pathogenesis 

of SSc has been raised in analogy with fibrotic skin 

lesions observed in graft-versus-host disease (GVHD) 

after allogeneic bone marrow transplantation. In fact, 

murine models of fibrosis have been developed based 

on microchimerisms and GVHD. More recently, a close 

temporal association between the onset of SSc and 

the detection of cancer has been described in a subset 

of patients positive for anti-RNA polymerase III anti-

bodies. This observation has led to the discovery that 

mutated autoantigens (RNApol3) are present in the 

tumours obtained from these patients and result in 

mutant-specific T cell immune responses as well as in 

the generation cross-reactive autoantibodies (Joseph 

et al, 2014). These findings support the possibility that, 

at least in some patients, an abnormal (mutated) cancer 

antigen may be the initial trigger for the autoimmune 

response in SSc. Overall these data support the concept 

that T cells on nominal antigen recognition may initiate 

an adaptive immune response that ultimately results in 

fibrosis. However, it remains possible that T cells may 

only be bystanders of the fibrotic process and that their 

functional characteristics may depend on it and not be 

the cause. Furthermore, the possibility that T cells, at 

least in certain phases of the disease, may restrain rather 

than favour fibrosis cannot be disregarded as well.

B cells
B cells are obviously important contributors to the immuno-

logical abnormalities characteristic of SSc, since these cells are 

the precursors of plasma cells producing SSc-specific autoAb. 

In addition, B cells are important players in antigen presenta-

tion, cytokine secretion, modulation of T cells and dendritic 

cell activation. In SSc patients, B cells are present in lesional 

skin and lung tissues from subjects with ILD, and B cell genes 

are upregulated in affected SSc skin. Analysis of circulating 

B cells has shown expansion of naïve B cells and the concur-

rent decline of memory B and plasma cells. These memory 

B cells retain a strong immunoglobulin secretory function 

and exhibit upregulation of co-stimulatory molecules (CD80 

and CD86) and CD95, suggesting a chronic activation state. 

The expression of molecules capable of enhancing BcR 

signalling such as CD19 and the associated molecule CD21 
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(complement receptor type 2) are increased in naïve as well 

as memory B cells of SSc patients compared with healthy 

controls. Furthermore, the loss of CD19 expression atten-

uates skin and lung fibrosis in the bleomycin-induced SSc 

mouse model (Yoshisaki et al, 2008).

Several cytokines impact on B cell survival, proliferation, 

maturation as well as on plasma cell survival and immuno-

globulin production. We have already mentioned (tables 1 

and 3) that IL-4, IL-6, IL-10 and IL-13 which are important 

in this function are increased in SSc sera. In addition, two 

members of the TNF superfamily exerting important func-

tions on B cell responses are increased in SSc serum and 

are likely to play an important role, namely a proliferation- 

inducing ligand (APRIL) and B cell activating factor (BAFF, 

also known as B lymphocyte stimulator: Blys). Their serum 

levels are associated with specific clinical manifestations 

such as extent of skin involvement (BAFF) and presence 

of pulmonary fibrosis (APRIL). Secretion of APRIL from 

peripheral blood mononuclear cells (PBMCs) is signifi-

cantly higher in SSc patients compared with controls, and 

is associated with diffuse skin phenotype, presence of ILD, 

and anti-Topo-1 positivity among other SSc clinical features. 

Interestingly, BAFF serum levels are increased in the TSK-1 

(TSK/+) mouse model of SSc, and blockage of the BAFF/

BAFF-receptor interaction can prevent the development of 

skin fibrosis, inhibit autoantibody generation and increase 

the production of antifibrotic cytokines (ie, IFNγ). All these 

data indicate that B cell activation is an important feature 

of the immune response in SSc, and that it may contribute 

to the amplification of the inflammatory as well as fibrotic 

process in this disease. 

Conclusions
Major advances have been made in our understanding of 

the immune response abnormalities which characterise 

Summary points

•	 Monocyte/macrophages and dendritic cells are key cellular elements of the innate immune 

response, able to recognise danger signals affecting the onset of autoimmunity. 

•	 Though the links with fibrosis are not totally elucidated, Toll-like receptors and interferon secre-

tion is increasingly suggested as a key early step in the pathogenesis of disease.

•	 Monocyte chemotactic protein-1 (MCP-1/CCL2) binds to CCR2, is produced by a large variety of 

cells including mononuclear cells, fibroblasts, epithelial cells and endothelial cells, and its high 

serum levels are associated with early diffuse systemic sclerosis (SSc) and interstitial lung disease 

(ILD).

•	 Interleukin-8 (CXCL8), produced by macrophages, fibroblasts, epithelial cells and endothelial 

cells, has been found to be elevated in SSc serum and bronchoalveolar lavage fluid (BALF), and 

its levels are associated with ILD, active alveolitis and lower forced vital capacity.

•	 The dichotomous view of the adaptive immune response condensed in the Th1 and Th2 para-

digm can appropriately be translated in the field of fibrosis as Th2/Tc2 cells being profibrotic 

and Th1/Tc1 cells antifibrotic. IL-4 and IL-13 have been shown to enhance collagen synthesis by 

fibroblasts while interferon γ (IFNγ) has an inhibitor effect. 

•	 IL-17A levels and Th17 cell numbers are increased in SSc blood, skin and lung. IL-17A participates 

in the inflammatory response and in humans shows antifibrotic properties.

•	 The detection in the SSc skin or lungs (BALF) of an oligoclonal expansion of T cells belonging to 

the α/β T cell receptor (TcR) subset supports the concept of an antigen-driven local recruitment.

•	 Mutated autoantigens (RNA polymerase III) arising in the context of tumours may drive auto- 

immune T and B cell responses, which may lead to scleroderma.

•	 B cell activation is an important feature of the immune response in SSc, and may contribute to 

the amplification of the inflammatory as well as the fibrotic process in this disease. 

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



EULAR Textbook on Systemic Sclerosis     

108

SSc. Particularly during the last decade the integrated 

knowledge generated through studies in vitro and in animal 

models of fibrosis has highlighted how cells and mediators 

of the innate response may ignite inappropriate adaptive 

responses and participate in maintaining inflammation 

which results in fibrosis and vasculopathy. We should admit, 

however, that important questions remain unanswered. 

They include the identification of the cause of autoimmune 

response initiation in SSc, the reasons for preferential type 2 

T cell responses, the differences at the immunological level 

between the limited and the diffuse form of the disease, 

and the reasons for a gradual attenuation of the inflam-

mation which takes place with time and characterises the 

late atrophic phase of SSc. Answers to these questions will 

undoubtedly allow us to identify better targets for interven-

tions based on the harnessing of the immune response. The 

challenge in the near future will be to integrate the knowl-

edge, which is being acquired through genetic studies with 

the identification of the functional relevance of the poly-

morphisms associated with SSc. We also need to identify 

novel animal models in whom to explore the tripartite 

interplay between fibroblasts, endothelial cells and cells of 

the immune system, which would lead to a clinical picture 

resembling SSc. The potent analytical technologies avail-

able these days allow for the rapid acquisition of thousands 

of data based on the study of a large number of samples. An 

additional challenge will be to extract from these data the 

relevant ones for the individuals who suffer from SSc, in 

order to offer them personalised approaches to their illness.
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Overview
Systemic sclerosis (SSc) is characterised by excessive fibrosis, 

microangiopathy and the presence of circulating autoanti-

bodies to various cellular and extracellular components. The 

pathogenesis of SSc is still not completely understood. In 

particular, the role of autoimmunity in generating the clin-

ical and pathologic phenotypes in SSc remains uncertain. 

Distinct specificities of antinuclear antibodies (ANAs) are 

selectively detected in SSc patients and are associated with 

unique disease manifestations, but do not have a proven 

pathogenic role. A new group of autoantibodies reactive 

with cell surface receptors or extracellular matrix (ECM) 

proteins has been identified in SSc patients. They seem to 

directly activate pathways that may contribute to tissue and 

vascular damage. A series of studies suggest that lympho-

cyte activation promotes vascular damage and a profibrotic 

environment, but there is no evidence supporting involve-

ment of autoreactive T cells in these processes.

SSc-related ANAs
ANAs are the hallmark of SSc, and are detected in >95% 

of the patients. Many investigators have made an effort to 

identify autoantigens specifically recognised by SSc sera. 

Anti-topoisomerase I (topo I) antibody and anticentromere 

antibody (ACA) are the classic ANAs discovered in the late 

1970s. At this point, at least 10 ANA specificities associated 

with SSc are well characterised. These SSc-related ANAs 

target various nuclear components involved in essential 

cellular processes, such as cell division and transcription 

(table 1). These autoantibodies are rarely seen in patients 

with other connective tissue disease without having SSc 

features and thus are important diagnostic markers. In this 

regard, the presence of ACA, anti-topo I, or anti-RNA poly-

merase (RANP) III antibody is included in one of the criteria 

domains of a new classification system for SSc, which has 

been proposed by the American College of Rheumatology 

and the European League against Rheumatism (van den 

Hoogen et  al, 2013). In addition, detection of SSc-related 

ANAs is clinically useful in classifying SSc patients into 

subtypes that are almost exclusively associated with charac-

teristic clinical phenotypes (table 2) (Steen, 2008).

SSc-related ANAs are usually present at onset of SSc 

symptoms and do not switch from one antibody to a 

different one during the course of the disease. Patients 

rarely have two or more SSc-related ANAs together, indi-

cating mutual exclusiveness. These autoantibodies remain 

throughout the course of the disease regardless of whether 

the patients receive treatment or not. It is generally believed 

10 Autoantibodies, autoimmunity

Gianluca Moroncini, Masataka Kuwana, Armando Gabrielli

Learning objectives

•	 To know the systemic sclerosis (SSc)-related antinuclear antibodies (ANAs).

•	 To understand the potential pathogenic role of specific autoantibodies in SSc.
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that serial measurement of antibody titres is not useful for 

assessment of disease severity and activity.

A conventional method for ANA detection is an indirect 

immunofluorescence on cultured human cells. This tech-

nique is recommended as the first ANA screening because 

it is highly sensitive and provides additional information 

on the antibody titre and staining pattern (figure 1). The 

speckled staining is often detected in patients with diffuse 

cutaneous SSc (dcSSc) and suggests the presence of anti-

topo I antibody in case of a high antibody titre (≥1:320) or 

anti-RNA polymerase (RNAP) III antibody in case of a low 

titre (<1:160). Anti-U1 ribonucleoprotein (RNP), anti-Ku, 

and anti-RuvBL1/2 antibodies, which are associated with 

SSc overlap, also produce the high titre speckled pattern. 

Anti-U11/U12 RNP antibody also produces speckled 

nuclear staining, but its titres vary among the positive sera. 

An isolated nucleolar pattern is fairly specific to SSc, and 

three major SSc-related anti-nucleolar antibodies include 

anti-U3 RNP, anti-Th/To, and anti-PM-Scl antibodies. 

Anti-RNAP III antibody also produces a nucleolar pattern 

when anti-RNAP I antibody coexists, but the concomitant 

speckled pattern is always present. The discrete speckled 

pattern is often detected in patients with limited cutaneous 

SSc (lcSSc) and indicates the presence of ACA, which 

recognises kinetochore proteins located at the centromeric 

regions of individual metaphase chromosomes. It is of note 

that SSc-related anti-nucleolar antibodies and anti-RNAP 

III antibody are principally not identified with commer-

cial solid-phase ANA assays, and thus are reported as “a 

negative ANA”. Therefore, it is currently recommended 

to use the conventional indirect immunofluorescence for 

screening SSc-related ANAs.

Identification of individual SSc-related ANAs requires 

additional techniques, including double immunodiffusion, 

immunoprecipitation assay, and specific immunoassays 

such as ELISAs utilising recombinant autoantigens as an 

antigen. Of these, immunoassays for detection of ACA, 

anti-topo I, anti-U1 RNP, and anti-RNAP III are currently 

available in many countries, but up to 20% of sera positive 

for known SSc-related ANAs will be missed. A recently 

developed line-blot immunoassay (LIA) is able to detect 

anti-U3 RNP, anti-Th/To, anti-PM-Scl, and anti-Ku anti-

bodies, but side-by-side comparisons with the gold standard 

immunoprecipitation assay have never been done.

Anticentromere antibody
The frequency of ACA in SSc patients has been reported to 

be 20–30% overall, but it varies among ethnic groups: higher 

frequency in Caucasians than in African Americans or Asians. 

ACA is sometimes detected in patients with primary Sjögren’s 

Table 1 SSc-related ANAs and their targets.

ANA specificity Target autoantigens Localisation Function

Anticentromere antibody CENP-A, B, and C Chromatin Chromosome separation 
during cell division

Anti-topoisomerase I
(Anti-Scl-70)

DNA topoisomerase I Chromatin Relaxation of super-coiled 
DNA

Anti-RNA polymerase III RNA polymerase III multiprotein complex Nucleoplasm Transcription of small RNAs

Anti-U3 RNP U3 RNP complex  
(U3 RNA, fibrillarin, and other components)

Nucleoli Processing of ribosomal RNA

Anti-Th/To RNase P, and RNase MRP Nucleoli Processing of transfer 
RNA and primer RNA for 
mitochondrial DNA

Anti-PM-Scl Exosome protein complex (PM-Scl-100, PM-
Scl-75)

Nucleoli Processing of ribosomal RNA

Anti-U1 RNP U1 RNP complex 
(U1 RNA, 70K, A, B/B’, C, D-G)

Nucleoplasm mRNA splicing

Anti-U11/U12 RNP U11/U12 RNA and related components Nucleoplasm Regulation of mRNA splicing

Anti-Ku Ku80 and Ku70 Nucleoplasm DNA repair

Anti-RuvBL1/2 Double hexamer consisting of RuvBL1 and 
RuvBL2

Nucleoplasm DNA repair and chromatin 
remodelling

ANA, antinuclear antibody; CENP, centromeric protein; MRP, myeloid-related protein; RNP, ribonucleoprotein; SSc, systemic sclerosis.
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syndrome or primary biliary cirrhosis as well as in individ-

uals without an apparent connective tissue disease, who are 

almost always elderly. The natural history of ACA-positive 

SSc patients includes longstanding Raynaud’s phenomenon 

followed by the appearance of puffy fingers. The presence of 

ACA in patients with Raynaud’s phenomenon and/or nailfold 

capillary abnormalities is predictive of future development of 

SSc. Patients with ACA are often classified as having lcSSc. 

Severe interstitial lung disease (ILD) or renal crisis almost 

never occurs in ACA-positive patients, but 10–20% of them 

develop pulmonary arterial hypertension (PAH) later in the 

course of the disease. The presence of ACA is an indepen-

dent risk for developing PAH (Coghlan et al, 2014). Overall 

survival in SSc patients with ACA is better than those without, 

but PAH is the major cause of death in this subset.

Anti-topo I antibodies
Anti-topo I antibodies are detected in 20–30% of SSc 

patients in many ethnic groups. The majority of anti-topo 

I-positive patients have dcSSc, but progression of skin 

thickening is slower than those with anti-RNAP III. Anti-

topo I antibody is associated with a high risk for severe ILD, 

cardiomyopathy and peripheral vascular complications, 

such as digital ulcer and gangrene, particularly early in the 

disease course. Anti-topo I antibody is considered to be a 

marker for poor prognosis, and patients typically die of ILD 

an average of 10 years after onset of SSc.

Anti-RNAP III antibodies
A subset of SSc patients have antibodies to RNAP III, and some 

of them also have antibodies to other classes of RNAP, such 

as RNAP I and II. Sera positive for anti-RNAP III antibody 

produce a speckled staining pattern with or without nucleolar 

staining. Frequency of anti-RNAP III antibody in SSc patients 

varies among ethnic groups: a higher frequency in North 

American Caucasian and British patients (20–25%) in compar-

ison with French, German, Italian or Japanese patients (~5%) 

(Sobanski et  al, 2014). Nearly all patients with this antibody 

have dcSSc with rapidly progressive skin thickening. Patients 

with anti-RNAP III antibody have the highest risk for renal 

ANA specificity Staining 

pattern on IF 

(ANA test)

Assay for 

identification

Disease subset Clinical phenotype

Anticentromere antibody Discrete 
speckled

IF, IA, LIA lcSSc PAH
Severe peripheral vascular 
disease

Anti-topoisomerase I
(Anti-Scl-70)

Speckled 
(with or without 
nucleolar 
staining)

IA, DID, IP, LIA dcSSc Severe ILD
Severe peripheral vascular 
disease

Anti-RNA polymerase III Speckled 
(with or without 
nucleolar 
staining)

IA, IP, LIA dcSSc Rapid progressive skin 
thickening
Renal crisis
Malignancy at SSc onset

Anti-U3 RNP Nucleolar IP, LIA dcSSc>lcSSc ILD, PAH, renal crisis, 
small bowel disease

Anti-Th/To Nucleolar IP, LIA lcSSc ILD, PAH

Anti-PM-Scl Nucleolar DID, IP, LIA lcSSc 
(myositis overlap)

Mild myositis

Anti-U1 RNP Speckled IA, DID, IP, LIA lcSSc 
(overlap, ‘MCTD’)

Inflammatory arthritis, 
myositis, PAH

Anti-U11/U12 RNP Speckled IP dcSSc/lcSSc Severe ILD

Anti-Ku Speckled DID, IP, LIA lcSSc (myositis overlap) Mild myositis

Anti-RuvBL1/2 Speckled IP dcSSc (myositis overlap) Mild myositis

ANA, antinuclear antibodies; dcSSc, diffuse cutaneous SSc; DID, double immunodiffusion; IA, immunoassay; IF, indirect 
immunofluorescence; ILD, interstitial lung disease; IP, immunoprecipitation; lcSSc, limited cutaneous SSc; LIA, line-blot immunoassay; 
MCTD, mixed connective tissue disease; PAH, pulmonary arterial hypertension; RNP, robonucleoprotein; SSc, systemic sclerosis.

Table 2 Methods for detection and clinical associations with SSc-related ANAs.
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crisis, but they do not develop severe ILD. Usually, no sign of 

peripheral vascular disease, including digital pitting scars or 

digital ulcer, is detected at presentation. There is an association 

with cancer among SSc patients with anti-RNAP III antibody 

in close temporal relationship to onset of SSc, which supports 

the paraneoplastic phenomenon in this subset (Joseph et  al, 

2014; Moinzadeh et  al, 2014). Rigorous cancer screening is 

highly recommended in patients with anti-RNAP III antibody 

at the time of SSc diagnosis (Lazzaroni et al, 2017). In many 

patients, skin thickening regresses over time even without 

treatment. Survival in patients with anti-RNAP III antibody is 

better than those with anti-topo I antibody since renal crisis is 

more easily treated with angiotensin-converting enzyme (ACE) 

inhibitors than ILD. Several reports indicate that patients with 

anti-RNAP III antibody have better long-term survival rates 

compared with those with ACA or anti-Th/To antibody.

Anti-U3 RNP antibodies
Anti-U3 RNP antibody reacts with a nucleolar protein 

fibrillarin, which is complexed with U3 RNA. This antibody 

is found in 4–10% of patients with SSc, and is most frequent 

in patients with African ancestry (Kuwana et al, 1994). One 

third of the patients have lcSSc, but the remaining patients 

have typical features of dcSSc. Severe internal organ involve-

ment, including ILD, PAH, renal crisis, and small bowel 

involvement with pseudo-obstruction and malabsorption, 

is fairly common. Prognosis in this subset is comparable 

to that in patients with anti-topo I antibody. An unusual 

combination of PAH and renal crisis is occasionally found 

in dcSSc patients with anti-U3 RNP antibody.

Anti-Th/To antibodies
Anti-Th/To antibody is one of the SSc-related anti- 

nucleolar antibodies, and occurs in patients with lcSSc, 

although its frequency in overall SSc patients is only 

2–5%. Like ACA-positive patients, anti-Th/To-positive 

patients are predominantly Caucasian, but tend to have a 

shorter duration of Raynaud’s phenomenon before onset 

of other symptoms such as puffy fingers. Severe periph-

eral vascular disease (eg, digital ulcers and gangrene) is 

Figure 1 Typical staining patterns on indirect immunofluorescence (antinuclear antibody test) observed in patients with systemic sclerosis. 

Chromatin is counterstained with 4’,6-diamidino-2-phenylindole (DAPI).
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infrequent, but patients with anti-Th/To antibody can 

have significant ILD or PAH, which occurs early in the 

disease course. This increased frequency and severity of 

pulmonary complications results in a decreased survival 

compared with lcSSc patients without this antibody 

(Mitri et al, 2003).

Anti-PM-Scl antibodies
Anti-PM-Scl antibody produces a homogenous nucleolar 

pattern, and is rarely found in non-Caucasian patients. The 

anti-PM-Scl-positive patients often present with the acute 

onset of inflammatory muscle disease, but also have typical 

Raynaud’s phenomenon and scleroderma skin changes, 

usually lcSSc. This antibody is found in approximately 

25% of SSc patients with myositis overlap, but in 2% of SSc 

patients overall. Serious internal organ involvement is rare, 

leading to a favourable prognosis. In addition, myositis is 

usually mild and shows a good response to moderate-dose 

corticosteroids. In a recent large cross-sectional study of 

patients with idiopathic inflammatory myopathies, 9% 

had anti-PM-Scl antibody in the absence of any SSc skin 

changes.

Anti-U1 RNP antibodies
Anti-U1 RNP antibody produces a pure speckled pattern 

with a high antibody titre. This antibody is preferentially 

detected in African Americans and East Asians. Anti-

U1RNP antibody was first described as a serologic marker 

for mixed connective tissue disease. Disease onset in 

these patients is younger than others. The patients usually 

present with inflammatory problems, such as myositis and 

arthritis. Raynaud’s phenomenon and puffy fingers occur 

early in the disease, but later these patients develop typical 

manifestations of SSc. Most of them have lcSSc, although 

approximately 20% develop dcSSc. Serious complications 

are less common, but pulmonary complications, including 

PAH and ILD, are sometimes life-threatening. Prognosis is 

favourable, but PAH is the most common cause of death in 

this patient population.

Anti-U11/U12 antibodies
Anti-U11/U12 RNP antibody is a rare antibody specificity 

found in 1–3% of patients with SSc (Fertig et al, 2009). This 

antibody produces speckled nuclear staining, and some-

times is associated with low-titre anti-U1 RNP antibodies. 

Patients with this antibody are classified as having either 

dcSSc or lcSSc. A characteristic feature of the patient with 

anti-U11/U12 RNP antibody is a high frequency of severe 

ILD, which is associated with a 2.25-fold greater risk of 

death in comparison with anti-U11/U12 RNP-negative 

patients with ILD.

Anti-Ku antibodies
Anti-Ku antibody is primarily detected in patients with SSc 

in overlap. The majority of patients have typical Raynaud’s 

phenomenon and SSc skin changes, usually lcSSc. Concom-

itant myositis is common, but some have additional features 

of lupus. Internal organ involvement is infrequent and 

usually mild if present, but arthritis is common. Myositis is 

usually mild and shows a good response to moderate-dose 

corticosteroids, leading to favourable prognosis.

Anti-RuvBL1/2 antibody
This newly identified antibody recognises a double hexamer 

consisting of RuvBL1 and RuvBL2, which is located in 

nucleoplasm (Kaji et  al, 2014). Anti-RuvBL1/2 antibody 

is a rare antibody specificity detected in 1–2% of patients 

with SSc. This antibody produces speckled nuclear staining 

with a high antibody titre. Patients with this antibody have a 

unique combination of clinical features, including myositis 

overlap and diffuse cutaneous involvement. Internal organ 

involvement is mild in general, but some patients develop 

severe myocardial dysfunction.

Over the past decade, many studies have confirmed a 

strong association between ANA specificities and unique 

clinical phenotypes in SSc. However, it remains uncertain 

whether these autoantibodies play a direct pathogenic role 

or merely represent markers of particular disease manifes-

tations. Nevertheless, recent studies suggest a possible role 

of anti-topo I antibodies in driving the pathogenic process 

of SSc. Specifically, in vitro experiments have shown that 

anti-topo I antibodies derived from SSc patients are able to 

stimulate adhesion and activation of monocytes (Hénault 

et  al, 2006), although the downstream pathways remain 

incompletely defined. In contrast, immunisation of topo I 

in mice results in anti-topo I autoantibody response, but 

fails to induce the SSc phenotype.

Autoantibodies to functional 
molecules
Recently, a new group of autoantibodies reactive with cell 

surface receptors or ECM proteins have been reported in 

SSc patients (table 3).
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Autoantibodies against vascular and 
mesenchymal cells
Anti-endothelial cell antibodies

Anti-endothelial cell antibodies (AECA) are not specific 

to SSc. They have been described in other connective 

tissue diseases as well as in patients with diabetes mellitus, 

multiple sclerosis and pre-eclampsia (Belizna et al, 1997). 

Depending on the detection method and the patient 

population, AECA have been observed in a variable 

proportion of SSc patients, apparently defining patients 

with lung and vascular involvement (Salojin et al, 1997). 

All attempts to identify the target antigen(s) of AECA have 

failed, raising doubts about their role as important patho-

genetic agents in the induction of endothelial dysfunction 

and damage observed in SSc. The only study which has 

identified a potential target antigen of AECA is the study 

conducted by Lunardi et al (2000). Using a sophisticated 

experimental approach, they were able to identify in SSc 

patients circulating antibodies recognising human cyto-

megalovirus (CMV) late protein UL94 that were capable 

of inducing endothelial cell apoptosis in vitro by cross- 

reaction with the cell surface tetraspanin transmembrane 

4 superfamily member 7 (TM4SF7 or Nag-2) molecule. 

More recently, the same group showed that Nag-2 is also 

expressed on dermal fibroblasts and that anti-Nag-2 

antibodies, on binding to fibroblasts, induce up-regula-

tion of 989 transcripts including genes involved in ECM 

deposition and encoding growth factors, chemokines 

and cytokines (Lunardi et  al, 2006). These findings are 

of interest because: (1) they show a molecular target of 

AECA; (2) they indicate a possible link between a viral 

agent and SSc; (3) they suggest a novel pathogenic mech-

anism by which human CMV may cause vascular injury; 

(4) they support the molecular mimicry model of auto-

immunity.

A potential pathogenic role of AECA has been suggested 

by their ability to induce apoptosis in human dermal micro-

vascular endothelial cells, but not in human umbilical vein 

endothelial cells, in the presence of activated natural killer 

(NK) cells via the Fas pathway (Sgonc et  al, 2000). The 

pro-apoptotic effect of AECA in vivo has been demon-

strated in the UCD 200 chicken model of SSc. Binding of 

AECA to and apoptosis of the endothelial cells of the chorio-

allantoic membrane of normal chicken embryos has been 

observed after the transfer of AECA-positive serum from 

UCD 200 chicken, but not with AECA-negative serum. In a 

recent study aimed at defining the functionality of AECA of 

patients with connective tissue diseases, immunoglobulin 

G (IgG) from AECA-positive SSc patients induced signifi-

cantly higher expression of intercellular adhesion molecule 

1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), 

and E-selectin and production of interkeukin (IL)-6, IL-8 

and chemokine ligand 2 (CCL2) compared with IgG from 

AECA-negative patients and normal donors (Arends et al, 

2013). Using a quantitative immunoblotting technique, it 

has been reported that the main target of AECA in patients 

with lcSSc is the nuclear centromeric protein B (CENP-B) 

(Servettaz et al, 2006). Their data are in agreement with the 

study of Hill et al (1996) in patients with lcSSc. The func-

tional relevance of this finding remains elusive, however, 

given the nuclear localisation of the antigen. Laplante et al 

(2005) have indicated a general mechanism by which AECA 

may cause SSc lesions linking endothelial cell apoptosis and 

fibrosis: apoptotic endothelial cells would release soluble 

mediators responsible for the induction of an anti-apop-

totic phenotype in fibroblasts. Besides resistance to 

Anti-endothelial cell antibodies Mihai and Tervaert, 2010

Anti-Nag-2 antibodies Lunardi et al, 2000

Anti-fibroblast antibodies Chizzolini et al, 2002

Anti-PDGFR antibodies Baroni et al, 2006

Anti-muscarinic-3 receptor (M3R) antibodies Singh et al, 2009

Anti-fibrillin-1 antibodies Tan et al, 1999

Anti-MMP-1 and MMP-3 antibodies Sato et al, 2003; Nishijima et al, 2004

Anti-angiotensin II type I and endothelin-1 type A receptor antibodies Riemekasten et al, 2011

Antibodies against peroxiredoxin 1 Iwata et al, 2007

Antibodies against methionine sulfoxide reductase A Ogawa et al, 2010

Antibodies against oestrogen receptor α Giovannetti et al, 2013

MMP, matrix metalloproteinase; PDGFR, platelet-derived growth factor receptor.

Table 3 Putative pathogenetic autoantibodies.
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apoptosis, dermal fibroblasts would acquire a myofibroblast 

phenotype that constitutes the cellular basis of a persistent 

profibrotic response. Interestingly, human fibroblasts 

derived from SSc skin lesions were found to be more sensi-

tive to the anti-apoptotic activities of mediators produced 

by apoptotic endothelial cells than normal fibroblasts. The 

molecular pattern of resistance to apoptosis in fibroblasts 

was reproduced by a synthetic peptide containing an endo-

thelial growth factor (EGF) motif present on the C-terminal 

fragment of perlecan. Thus, persistent apoptosis of endo-

thelial cells would induce and maintain fibrosis in SSc.

Anti-fibroblast antibodies

Other cell types that have been extensively investigated 

are the fibroblasts. Autoantibodies to fibroblasts have been 

shown to be capable of inducing the expression of ICAM-1 

and the preferential transcription of chemokines with profi-

brotic and proangiogenic potential in a proteasome- and 

Toll-like receptor 4-dependent manner and Fc-inde-

pendent mechanism that allows internalisation of the 

antibodies (Chizzolini et al, 2002). Autoantibodies against 

fibroblasts have also been found in patients with PAH and 

in a subgroup of patients with SSc-associated PAH (Tamby 

et al, 2006). Using a proteomic approach combining two- 

dimensional electrophoresis and immunoblotting, 13 target 

antigens of anti-fibroblast antibodies have been identified 

from SSc patients, with α-enolase being the main target 

antigen (Terrier et al, 2010). α-enolase is a glycolytic enzyme 

which can be expressed at the cell surface of many eukary-

otic cells or intracellularly as myc-binding protein involved 

in the regulation of cell growth and differentiation. Anti-

α-enolase antibodies have been described in a large variety 

of disorders. If their diagnostic relevance appears limited, 

their use as a prognostic marker remains to be established.

Antibodies against cell surface receptors
Anti-muscarinic-3 receptor antibodies

Gastrointestinal (GI) involvement leading to dysmotility 

is frequent in SSc as a result of disturbance of cholin-

ergic neurotransmission and smooth muscle atrophy. 

Acetylcholine via the muscarinic-3 receptor (M3R) is the 

principal excitatory mediator of GI tract motility acting 

on intrinsic neurons in the myenteric plexus. Antibodies 

blocking M3R would therefore inhibit excitatory enteric 

neurotransmission causing dysmotility. Following this 

hypothesis previous studies had found a high incidence of   

anti-myenteric neuronal antibodies in the sera of SSc 

patients with GI symptoms (Howe et al, 1994), and demon-

strated that passive transfer of these antibodies into a rat 

model significantly disrupted intestinal myoelectric activity 

(Eaker et al, 1999), further supporting a neuropathic aeti-

ology to dysmotility in SSc patients. The precise targeted 

neuronal antigen in these studies, however, remains to be 

determined. More recently, Goldblatt et  al (2002) showed 

that SSc IgG inhibit animal colonic smooth muscle contrac-

tion caused by carbachol-induced activation of M3R, 

suggesting that M3R antibodies from the sera of SSc patients 

may lead to failure of the cholinergic neurotransmission 

and, in turn, result in GI motility dysfunction. These results 

were confirmed and expanded by Kawaguchi et al (2009), 

who used an enzyme immunoassay and found higher levels 

of anti-M3R antibodies in a small group of early-onset SSc 

patients with severe GI tract involvement, and by Singh et al 

(2009) who provided evidence that IgG from SSc patients 

attenuated the muscarinic receptor activation in smooth 

muscle cells of a rat internal anal sphincter. More recently, 

Preuss et al (2014), using a novel luminescence-based test 

to detect functionally active antibodies to M3R, could not 

find antibodies inhibiting carbachol-induced activation of 

M3R in a cohort of 47 SSc patients.

Antiplatelet-derived growth factor receptor 

antibodies

Back in 2006 Baroni and co-workers reported the detec-

tion of serum antibodies that recognise and activate the 

platelet-derived growth factor receptor (PDGFR), thus 

stimulating reactive oxygen species (ROS) and collagen 

production. The relevance of these antibodies is the 

agonistic nature of their biological action on an important 

receptor linked to fibrosis. They are the first identified 

link between the immune system and tissue fibrosis. Anti-

PDGFR antibodies found in SSc patients induce oxidative 

DNA damage, thus enabling Wnt activation and contrib-

uting to fibrosis (Svegliati et al, 2014). Recently, stimulatory 

anti-PDGFR α antibodies have been cloned from memory 

B cells of an SSc patient. The epitope recognised by the 

collagen-inducing monoclonal autoantibody is a discon-

tinuous motif recognised only in its native conformation 

and localised between the second and third extracellular 

domains of the PDGF receptor (Moroncini et  al, 2015). 

Before this report, the presence of anti-PDGFR antibodies 

had not been confirmed by other authors probably due to 

the different assays employed (Classen et al, 2009; Gabri-

elli et  al, 2009; Loizos et  al, 2009) and to the absence of 

specific information on the epitope mapping. In the wait for 
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a definitive epitope-based assay for detection of agonistic 

antibodies in the serum of patients with different disease 

stages, serum anti-PDGFR antibodies with receptor affinity 

as high as the collagen-inducing monoclonal autoantibody 

could be detected by ELISA (Moroncini et al, 2017). Impor-

tantly, this collagen-inducing monoclonal autoantibody has 

been demonstrated to induce skin fibrosis in vivo when 

injected into a bioengineered human skin transplanted in 

mice (Luchetti et al, 2016).

Moreover, Arts et  al (2014) reported that IgG purified 

from SSc serum (SSc-IgG) can induce growth of vascular 

smooth muscle cells (VSMC). Although SSc-IgG could 

immunoprecipitate the PDGFR, the activation of down-

stream signalling was independent of PDGFR activity but 

required a functional epidermal growth factor receptor. 

Indeed, agonistic anti-PDGFR autoantibodies (both total 

IgG and the collagen-inducing monoclonal antibody 

mentioned previously) have been recently demonstrated to 

induce proliferation and migration of human pulmonary 

VSMC in vitro (Svegliati et al, 2017).

Anti-angiotensin II type 1 receptor and 

endothelin-1 type A receptor antibodies

Vascular dysfunction is one of the main features of SSc, and 

Riemekasten et al (2011) found autoantibodies against angio-

tensin II type 1 receptor (AT1R) and endothelin-1 type A 

receptor (ETaR) by solid phase assay. Higher levels were asso-

ciated with severe disease manifestations. Interestingly the 

autoantibodies induced extracellular signal-regulated kinase 

1/2 phosphorylation and increased transforming growth 

factor β (TGFβ) gene expression in endothelial cells. Further-

more, when exposed to anti-AT1R and anti-ETaR antibodies, 

human microvascular endothelial cells (HMEC) showed 

evidence of increased expression of IL-18 and VCAM-1 

(Günther et al, 2014). The activation of HMEC induced in 

such a way was responsible for increased neutrophil migra-

tion through an endothelial cell layer. More recently, AT1R 

and ETaR were also detected on human peripheral T cells, B 

cells and monocytes, and their interaction with IgG from SSc 

patients was responsible for increased production of IL-8 and 

CC-chemokine ligand 18 (CCL18) (Kill et  al, 2014). More 

recently Becker et al (2014) reported that anti-AT1R and anti-

ETaR antibodies are more frequent in PAH associated with 

SSc or other connective tissue diseases compared with other 

forms of pulmonary hypertension and may serve as prog-

nostic and predictive biomarkers. Nevertheless, it remains to 

be established how these autoantibodies are responsible for 

the development of SSc vascular lesions.

Antibodies to enzymes and other 
molecules
Anti-fibrillin-1 antibodies

Fibrillins are major components of microfibrils in the 

ECM and are important in cell adhesion and growth factor 

sequestration. Circulating antibodies targeting the prolin-

rich C region of the ECM protein fibrillin-1 have been 

detected in >50% of SSc patients and have been shown to be 

able to activate normal human fibroblasts in vitro (Tan et al, 

1999). In fact, normal human fibroblasts exposed in vitro 

to affinity-purified anti-fibrillin 1 antibodies have showed 

over-expression of several ECM components and nuclear 

translocation of phosphorylated Smad3, suggesting that 

immunity against fibrillin-1 causes the release of seques-

tered TGFβ1 from fibrillin-1-containing microfibrils in the 

ECM with subsequent fibroblast activation. However, auto-

antibodies against correctly folded, recombinant fibrillin-1 

have not been detected (Brinckmann et al, 2005).

Antibodies against extracellular matrix 

metalloproteinases

Matrix metalloproteinases (MMPs) are endopeptidases 

responsible for the degradation of ECM components. 

While MMP-1 mainly degrades collagen I and III, MMP-3 

has a broader action. Antibodies against MMP-1 and 

MMP-3 have been reported to be specific markers of SSc, 

being detected in 77% and 52% of patients, respectively. 

It has been speculated that they may promote fibrosis by 

hampering ECM degradation (Sato et  al, 2003; Nishijima 

et al, 2004).

Antibodies against enzymes of the oxidative 

stress cascade

Since SSc is characterised by increased oxidative stress, 

studies regarding interference with the redox state are 

particularly relevant. Autoantibodies against methi-

onine sulfoxide reductase A, one of the antioxidant repair 

enzymes, have been detected by ELISA in 33% of SSc 

patients (Ogawa et al, 2010). The serum levels were signifi-

cantly higher in patients with lung fibrosis and cardiac 

involvement and correlated positively with renal vascular 

damage and negatively with pulmonary function tests. 

These findings suggest that these autoantibodies may 

enhance the oxidative stress and contribute to the disease 

severity of SSc by inhibiting the enzyme activity. Autoanti-

bodies against another anti oxidant enzyme, peroxiredoxin 

I, have been demonstrated in 33% of SSc patients and found 

to be associated with longer disease duration, lung fibrosis 
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and heart involvement and correlated positively with serum 

levels of 8-isoprostane, a marker of oxidatine stress (Iwata 

et al, 2007). Interestingly, autoantibodies against peroxire-

doxin I inhibited the activity of the enzyme in vitro.

Anti-oestrogen receptor α antibodies

Since SSc predominantly affects women, Giovannetti et al 

(2013) investigated the role of oestrogen in SSc patho-

genesis. In particular they studied the presence of serum 

autoantibodies against intracellular oestrogen receptor α 

(ERα), which have been demonstrated as oestrogen agonists 

interfering with T lymphocyte homeostasis in other 

autoimmune diseases. Anti-ERα antibody serum immuno-

reactivity was detected in 42% of patients with SSc (30 out 

of 71 analysed). Importantly, a significant association was 

found between anti-ERα antibody values and key clin-

ical parameters of disease activity and severity. Anti-ERα 

antibody levels were also associated with abnormalities of 

immunological features of SSc patients, including increased 

T cell apoptotic susceptibility and changes in T regulatory 

cell homeostasis. The authors speculated that anti-ERα anti-

bodies can modulate the immune system of SSc patients, 

and be a marker of SSc activity.

Anti-ICAM-1 antibodies

Recently, Wolf et  al (2013), using ELISA, detected anti-

ICAM-1 antibodies in 10/31 (32%) patients with dcSSc and 

in 14/36 (39%) patients with limited scleroderma. Interest-

ingly, exposure of human umbilical vein endothelial cells 

(HUVEC) to anti-ICAM-1 antibodies induced increased 

generation of ROS and VCAM-1 expression. These find-

ings suggest that anti-endothelial cell antibodies include 

antibodies targeting ICAM-1 which cause pro-inflamma-

tory activation of HUVEC, and thus may contribute to SSc 

vascular lesions.

Cellular autoimmune responses

A series of studies suggest that lymphocytes are involved in 

the pathogenesis of SSc by playing roles in fibrosis as well 

as microvascular damage within target tissues (Boin and 

Rosen, 2007), but there is no evidence supporting involve-

ment of autoreactive T and B cells in these processes. On 

the other hand, features of SSc-related ANAs, including 

the presence of isotype-switch and affinity maturation, 

and associations with specific human leucocyte antigen 

(HLA) class II alleles strongly suggest that autoantibody 

production results from an antigen-driven, T cell- 

dependent process (Arnett, 1995). Significant effort has 

been made to identify autoreactive T cells recognising 

SSc-specific autoantigens, particularly topo I. To date, 

several studies using peripheral blood mononuclear cells 

from SSc patients have addressed the presence of topo 

I-reactive CD4+ T cells, which are capable of promoting 

anti-topo I antibody production from autologous B cells 

(Kuwana et al, 1995). Interestingly, topo I-reactive T cells 

are also detected in some anti-topo I-negative subjects, 

including SSc patients and healthy controls, indicating 

that topo I-reactive T cells are a component of the normal 

T cell repertoire. T cell receptor structures and cytokine 

Summary points

•	 Autoantibody research may help in understanding the pathogenesis of systemic sclerosis (SSc).

•	 Antinuclear antibody (ANA) is detected in >95% of SSc patients.

•	 At least 10 ANA specificities are selectively detected in SSc patients, and thus are important diag-

nostic markers.

•	 Individual SSc-related ANAs are associated with unique disease manifestations, and are useful in 

subgrouping SSc patients.

•	 SSc-related ANAs do not have a proven pathogenic role.

•	 The recently discovered functional autoantibodies may help identify clinical variants of SSc and 

shed light on their pathogenesis.

•	 Unravelling the signalling cascade triggered by the functional autoantibodies may pave the way 

for novel therapeutic approaches.
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profiles of topo I-reactive CD4+ T cells do not differ 

between SSc patients and healthy controls, suggesting that 

antigenic stimulation, rather than intrinsic abnormality 

in the immune system, is responsible for production of 

SSc-related ANAs. The sources and circumstances that 

provide antigen stimulation resulting in the activation of 

topo I-reactive T cells in SSc patients remain uncertain, 

but it is possible that topo I or its fragments released from 

apoptotic or damaged endothelium during early patho-

genic events is involved in initiating and propagating the 

specific autoimmune response.
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Introduction
The combination of environmental and stochastic factors 

converging on individuals of a particular genetic background 

seems to contribute to the development of systemic sclerosis 

(SSc). Similar to other polygenic diseases, the combination 

of several susceptibility genes with modest effect size builds 

the genetic basis of this disease. We will begin by consid-

ering various genetic approaches that can be applied to the 

study of polygenic diseases and then move on to the prin-

cipal factors implicated in SSc, which will be considered in 

greater detail. A glossary of the most commonly used terms 

in genetic studies is provided at the end of the chapter.

Genetic approaches to the study of 
polygenic diseases
There are several possible approaches to demonstrating the 

existence of a genetic component in the pathogenesis of a 

complex or polygenic disease. Genetic susceptibility to poly-

genic diseases is based on a combination of polymorphisms 

in several genes. These polymorphisms are variations of the 

coding (exons) and non-coding (introns) regions occurring 

at various frequencies in the general population. Genomic 

variations fall into three categories (Feero et al, 2010) : (1) 

single nucleotide polymorphisms (SNPs) which are single-

base-pair changes in nucleotide sequences; (2) insertion 

and deletions of nucleotides from the DNA; (3) structural 

rearrangements that reshuffle the DNA sequence (eg, 

chromosome 9 and 22 translocation in Philadelphia gene 

predisposing to chronic myelogenous leukaemia).

Single nucleotide polymorphisms
SNPs are biallelic, with a given individual carrying one allele 

inherited from each parent (figure 1). The nucleotide varia-

tions involved are classified as non-synonymous if they lead 

to modification of the amino acid sequence of the encoded 

protein. An SNP is considered ‘functional’ if the function of 

the resulting protein is altered in some way. Such alterations, 

which may involve a gain or a loss of function, are much less 

frequent in polygenic diseases than in monogenic diseases, 

and are generally not solely responsible for the phenotype 

in this context. However, such genetic variations may cause 
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Learning objectives:

•	 To describe the model that underlies the genetic basis of systemic sclerosis (SSc).

•	 To describe various approaches for investigating polygenic diseases.

•	 To list main biological pathways that represent susceptibility loci for SSc.

•	 To discuss the functional implications of identified susceptibility genetic variations including 

those located in non-coding regions.
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subtle differences in protein function or in expression of the 

corresponding gene with biological implications. They may 

also contribute to the variability used to define the thresh-

olds separating the normal and pathological ranges. These 

types of genetic variations are also known as quantitative 

trait loci. An example, relevant to rheumatic diseases, is the 

SNPs in urate transporter genes that affect serum uric acid 

concentrations (Vitart et al, 2008).

There are about 10 million SNPs in humans and the rarest 

SNP alleles have a frequency of at least 1%. SNPs located in 

close proximity to each other on the chromosome tend to 

remain linked or inherited together en block during hered-

itary transmission. Such a group of associated SNP alleles 

inherited together in a chromosomal region is known as a 

haplotype. In other words, these associated SNPs have a low 

frequency of recombination during meiosis. Most chromo-

somal regions have only a few common haplotypes (each 

with a frequency of at least 5%) accounting for most of the 

genetic diversity between the individuals of a population. 

A given chromosomal region may contain many SNPs, 

but the identification of only a few of these SNPs may be 

sufficient to capture the majority of the genetic variation in 

that region. These regions are called haploblocks.

General approaches to genetic studies
The first type of analysis to be used when investigating 

the possible existence of a genetic component of a poly-

genic disease is the family association study. This involves 

checking for a larger number of cases among the first-degree 

relatives of patients than occur in the general population. It 

is then possible to establish the relative risk of a first-de-

gree relative having the disease above the predicted risk for 

the general population. A higher frequency among mono-

zygotic twins rather than among dizygotic twins may also 

be sought. Monozygotic twins are genetically identical, 

whereas dizygotic twins are only as genetically similar as 

their siblings. Their environmental exposure during child-

hood may be considered identical, making it possible to 

attribute the resemblances or differences between mono- 

and dizygotic twins largely due to their genetic background.

Association studies are the most frequently used type of 

analysis in SSc. The association is sought either in so-called 

‘case-control’ studies or through a transmission disequilib-

rium test (TdT). In case-control studies, the frequency of 

the allele studied or of the genotype including the suspect 

allele is compared between patients and controls. Statistical 

tests are applied to compare the frequencies, after checking 

that the populations are in Hardy-Weinberg equilibrium 

(according to which the frequency of alleles and genotypes 

remains at equilibrium over successive generations). TdT 

tests require genetic material from both parents and from 

the affected child (trios). It is rare for all these samples to be 

available in cases of SSc due to the late onset of disease. This 

method compares the alleles transmitted to the affected 

child with the non-transmitted alleles, used as controls. 

Table 1 summarises the assumptions, advantages and disad-

vantages of the above mentioned study designs.

It is also recognised that differences in racial admixture 

(also known as population stratification) is a confounder 

that can lead to spurious associations. This is due to different 

degrees of recombination between genetic markers among 

the different racial groups. This concept is known as linkage 

disequilibrium (LD). For example, the extent of LD between 

groups of genetic markers in ancient populations such as 

African Yoruban are much lower than that of Northern 

European Caucasians. Therefore, many of the studies 

discussed examine subjects only from one racial group (eg, 

Northern European Caucasians), analyse each racial group 

separately, or utilise logistic regression models or other 

Figure 1 Schematic example of a single nucleotide polymorphism 

(SNP). Each person inherits one chromosome from the maternal 

site and another one from the paternal site. Each chromosome has 

a double helix structure consisting of complementary base pairs: 

guanine-cytosine (GC) or adenine-thymine (AT). The polymor-

phism in this example represents a single nucleotide genetic var-

iation between GC and AT base pairs. G is called the major allele 

because it is the more common variant in the study population, 

while A is called the minor allele. A. Both maternal and pater-

nal chromosomes carry the major allele G, therefore the carrier 

is homozygous for the major allele. B. The maternal chromosome 

carries the major allele (G) while the paternal chromosome carries 

the minor allele (A), thus the carrier is heterozygous for this ge-

netic locus. C. Both maternal and paternal chromosomes carry the 

minor allele A, thus the carrier is homozygous for the minor allele.
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methods to account for differences in race. Moreover, since 

different races may experience different migration patterns 

and selection pressures, some associations may not cross 

ethnic barriers. Therefore, it is paramount that patients and 

controls are selected from the same population for genetic 

studies.

Genome-wide versus candidate-gene 
studies
Genome-wide association studies (GWAS) use high-

throughput genotyping platforms to examine hundreds of 

thousands of common SNPs at the same time. The advan-

tage of GWAS is that it allows examination of common SNPs 

in the entire human genome. The genome-wide, non-hy-

pothesis-driven nature of GWAS is an unprecedented 

opportunity to discover novel, disease related pathways in 

an unbiased manner. GWAS relies on the ‘common disease, 

common variant’ hypothesis, which suggests that genetic 

influences in many common diseases will be at least in part 

explained by limited numbers of allelic variants present 

in more than 1−5% of the general population. Common 

variants are either present directly on GWAS arrays or 

are covered by representative SNPs (tag SNPs) that are in 

linkage disequilibrium with them. Typically, variation in 10 

million common SNPs are captured in sufficient density by 

1 million tag SNPs. However, the GWAS approach leads to 

a massive number of comparisons, raising the likelihood 

for false-positive results. Therefore, more stringent levels 

of significance are applied and replication in an indepen-

dent cohort is mandatory. Furthermore, it is possible that 

rare allelic variants (frequency <1%) or other types of 

genetic variants contribute to the genetic susceptibility of 

disease. In addition to GWAS, advent of next generation 

sequencing technology has enabled more cost-effective and 

timely sequencing of the human genome. The sequencing 

experiments can examine a specific area of genome, human 

exome, or the entire genome.

Finally, association studies can be used as part of a ‘candi-

date-gene’ approach. The candidate genes are identified on 

the basis of an understanding of, or hypotheses about, the 

physiopathology of the disease developed during or resulting 

from studies in vitro, in vivo or based on animal models of 

SSc. The aim is to look for differences in frequency between 

certain polymorphisms of these genes encoding proteins of 

interest. While this approach is hypothesis-driven, it suffers 

from the major limitation that we have an incomplete or 

limited knowledge of disease processes. Nevertheless, based 

on similarities with other autoimmune connective tissue 

diseases such as systemic lupus erythematosus (SLE) and 

rheumatoid arthritis (RA), this approach has been crucial 

in identifying multiple SSc associated genes.

A critical requirement for these genetic association 

studies is adequate sample size. For most non-human 

leucocyte antigen (HLA) susceptibility genes that have been 

identified thus far in SSc, SLE, RA and other autoimmune 

connective tissue diseases, the ORs conferred are usually 

modest (<1.5), with sample sizes of several thousand 

subjects required in order to detect significant associations.

Another fundamental notion in the genetic approach to 

complex diseases is the definition of a precise diagnostic 

profile (phenotype). This is of great importance when trying 

to optimise research on disease genes. The phenotype is the 

physical expression of the genotype (the genes responsible). 

Thus, the definition of genotypic variation depends on the 

Case-control Trio (family 

studies)

Assumptions Case and controls 
are recruited 
from the same 
population
Differences in 
allele frequencies 
relate to the 
disease rather 
than differences 
in background 
population

Disease-related 
alleles are 
transmitted in 
excess of 50% to 
affected offspring 
from heterozygous 
parents

Advantages Large numbers of 
case and control 
participants can 
be recruited in 
a relative short 
period of time
Optimal for 
studying late-
onset, rare 
diseases

Immune to 
population 
stratification
Does not require 
phenotyping of 
parents

Disadvantages Prone to biases 
arising from 
population 
stratification 
(systematic 
background 
differences) 
between case 
and control 
populations

Difficult to recruit 
both parents 
and offspring in 
disorders with 
older age of onset 
such as systemic 
sclerosis

Table 1 Designs for genetic studies in systemic sclerosis.
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correct definition of the phenotype. An imprecise defini-

tion increases the background noise in genetic analyses, 

limiting the likelihood of identifying genes involved in the 

disease. Furthermore, it is also important to point out that 

disease manifestations and characteristics (phonome) are 

only in part determined by genetic factors. Other factors 

such as the environment and stochastic events also have an 

impact on the physiology and morphology of diseases.

Another potential approach would be to deconstruct 

a complex disease phenotype into a simpler variable as a 

proxy for the disease which can be more precisely measured. 

This is readily applied for common disorders. For example, 

type II diabetes → haemoglobin A1C, or gout → serum uric 

acid level. This approach is known as quantitative trait loci 

analysis (Plomin et  al, 2009). In this type of analysis, the 

phenotype is assumed to be a continuous variable, ideally 

normally distributed in the population. The SNPs being 

studied are considered covariates in a polygenic linear 

regression model.

Application of these approaches to 
systemic sclerosis

Family association studies
Analyses of three American cohorts including 703 fami-

lies, 11 of which were multiplex for SSc, reported a risk for 

first-degree relatives of about 13 (10 to 16, depending on 

the cohort), with a recurrence rate of 1.6%, versus 0.026% 

for the general population (Arnett et al, 2001). For brothers 

and sisters, the risk was estimated at 15 (10 to 27, depending 

on the cohort). This risk is the strongest risk factor for the 

disease established to date but, as concerns individuals, 

the risk of first-degree descendants having the disease is 

nonetheless below 1% (Arnett et  al, 2001). A follow-up 

study showed that affected first degree relatives with SSc 

had significantly more concordance for the SSc related 

antibodies and class II HLA haplotypes than expected by 

chance (Assassi et al, 2007).

Twin studies
Only one twin study has been carried out to date (Fegh-

ali-Bostwick et  al, 2003). This study was based on 42 

pairs of twins (24 monozygotic twins) and showed poor 

concordance with clinical expression of the disease (4.7%). 

However, stronger concordance was observed for the pres-

ence of antinuclear antibodies: 40% for dizygotic twins 

and 90% for monozygotic twins. These results suggest 

that genetic predisposition alone is not sufficient for the 

development of this disease, but that susceptibility could 

lead to a profile of autoantibody production. However, in 

a complementary study based on the same cohort, molec-

ular concordance was found between the gene expression 

profiles of cultured dermal fibroblasts and a profibrotic 

phenotype involving, in particular, the overexpression of 

genes regulated by transforming growth factor β (TGFβ), 

including ACVR1B (activin A receptor, type IB), COL1A2 

(α2 chain of collagen I), COL8A1 (α1 chain of collagen 

VIII), SPARC (secreted protein acidic and rich in cysteine), 

CTGF (connective tissue growth factor), THY1 (Thy-1 cell 

surface antigen), AGTRL2 (angiotensin receptor-like 2), 

FHL2 (four and a half LIM domains 2) and ARHB (Ras 

homolog gene family, member B). The overexpression 

of COL1A2, SPARC and CTGF was subsequently inde-

pendently confirmed by RT-qPCR (Zhou et al, 2005).

Genome wide association studies

There are four GWAS published so far based on Korean and 

US populations (Zhou et  al, 2009), on European and US 

Caucasian populations (Radstake et  al, 2010), on a Euro-

pean population (Allanore et  al, 2011) (figure 2), and on 

a Japanese population in a transethic meta-analysis with a 

European population (Terao et al, 2017). 

Candidate gene approach and main biological 

pathways

Candidate gene studies have been conducted based on their 

relevance to SSc pathogenesis (ie, inflammatory, fibrotic or 

vascular pathways) or their relevance in other autoimmune 
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Figure 2 Manhattan plot of the genome-wide association studies 

(GWAS) of 564 Caucasian systemi sclerosis cases and 1776 healthy 

controls. (Reproduced from Allanore et al, 2011).
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diseases. Recently, two Immunochip studies in SSc have 

been also completed  : one investigated a large population 

of US/European Caucasian decent (Mayes et al, 2014), and 

another investigated an Australian Caucasian population 

(Zochling et al, 2014). Immunochip is an SNP microarray 

containing 195 806 SNPs and 718 insertion-deletions which 

provides dense coverage for gene regions that were relevant 

in 11 distinct autoimmune and inflammatory diseases.

Gene regions associated with SSc
In this section, we will discuss a selection of gene regions 

that have been robustly associated with susceptibility to SSc 

in GWAS or candidate gene studies. The vast majority of 

robustly replicated SSc susceptibility loci are involved in 

innate or adaptive immune systems. However, a few genes 

in apoptotic and fibrotic pathways are also emerging. For 

the non-HLA genes, we focused on a selected list of genetic 

loci that were associated with SSc, its clinical (limited vs 

diffuse) subtypes, or serological subtypes that fulfilled the 

following criteria:

1. The loci were verified in at least two independent 

cohorts (replication and confirmation cohorts) in one 

or more studies.

2. The association was not contradicted by a larger 

subsequent study.

Immune system regulatory genes

A.  The major histocompatibility complex (HLA) and antigen 

presentation

The association between HLA molecules and SSc was 

established in the 1970s. SSc is associated with class II HLA 

molecules for which strong genotypic variation has been 

found between ethnic groups and, in some cases, gender 

(DQA1*05:01 is more strongly associated with the disease 

in men than in women; Lambert et al, 2000). The genotype 

also varies particularly strongly as a function of the pres-

ence of different types of autoantibodies associated with 

SSc: anti-topoisomerase I (topo) with DRB1*11-*15:02 

(Kuwana et  al, 1999), DQB1*03-*04 (Ueki et  al, 2001), 

DPB1*13:01 and DPB1**09:01 (Gilchrist et  al, 2001) and 

anti-centromere antibodies (ACA) with DRB1*01:01, 

DRB1*01:04, DRB1*01:08, DQB1*05:01, DPB1*04:02 

(Kuwana et al, 1999; Gilchrist et al, 2001).

A large study of HLA class II genes (DRB1, DQB1, 

DQA1, DPB1) was recently carried out in 1300 SSc cases 

(961 Caucasians) and 1000 controls (Arnett et  al, 2010). 

The strongest associations identified were those with the 

DRB1*11:04, DQA1*05:01 and DQB1*03:01 haplotypes 

and the DQB1 allele. However, many other alleles or haplo-

types have also been associated with certain subtypes of 

the disease, particularly those defined on the basis of the 

presence of autoantibodies. For example, HLA-DPB1*13:01 

had an OR of 14 in the comparison of topo + SSc patients 

to controls. In a similar study, 944 Caucasian SSc patients 

and 1320 unaffected controls from Italy and Spain were 

examined. The association of DRB1*11:04, DQA1*05:01 

and DQB1*03:01 haplotype with SSc was confirmed in this 

study (Beretta et al, 2012). In the first GWAS (Zhou et al, 

2009), the strongest association (P=8.16 × 10−13) identified 

was that with five SNPs in the HLA-DPB1 and HLA-DPB2 

regions. A more detailed study of this region subse-

quently identified rs3128930, rs7763822 and rs7764491 

as responsible for this association, particularly in cases of 

anti-topoisomerase I antibody detection. In the American 

replication cohort, rs7763822 and rs7764491 were the most 

strongly associated with SSc. These findings confirm the 

relevance of HLA-DPB1 for SSc and especially topo-pos-

itivity. In the two additional, large-scale GWAS (Radstake 

et al, 2010; Allanore et al, 2011), the strongest association 

was also that with the class II HLA region on chromosome 

6 (figure 2).

These findings also reflect the considerable differences 

in HLA genetic background between ethnic groups and 

the tremendous heterogeneity of the disease itself. Finally, 

the complex genetic structure of the HLA system in terms 

of LD complicates fine analyses and the identification of 

causal variants. The advent of next-generation sequencing 

technology demonstrates a unique opportunity to investi-

gate this highly polymorphic genomic region.

B. Innate immunity

Interferon pathway (IRF5, IRF7, IRF8)

Type I interferon (IFN) is a key mediator of innate immunity 

and of the normal immune response triggered by microbial 

infection. IFN stimulates the maturation of monocytes to 

generate dendritic cells and plasmacytes, immunoglobulin 

class switching, the cytotoxic activity of natural killer (NK) 

cells and lymphocytes, and the synthesis of chemokines. 

Various studies, including some based on transcriptomics, 

have shown a prominent IFN-regulated gene signature in 

circulating immune cells and skin in SSc (Tan et al, 2006; 

York et  al, 2007; Higgs et  al, 2011). Recent studies have 

generated consistent results, but with several fine points of 

difference for SSc in terms of the magnitude and prevalence 

of the IFN signature in SSc compared with lupus patients 
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(Assassi et al, 2010). In general, the IFN signature is present 

in only ~50% of SSc patients, pointing to the molecular 

heterogeneity of the disease. The hypothesis underlying 

the presence of the IFN signature is inappropriate activa-

tion of the innate immune system during the pathogenesis 

of SSc. This could occur via activation of pathogen-associ-

ated molecular pattern receptors such as toll-like receptors 

(TLR) (Farina et al, 2010; Agarwal et al, 2011).

The IRF5 gene encodes IFN regulatory factor 5, a tran-

scription factor involved in signalling by TLRs and in the 

activation of type I IFN transcripts. A number of IFR5 vari-

ants have been shown to be associated with SSc, including 

rs2004640, which creates an alternative splice site leading 

to the generation of an alternative transcript (exon 1B). 

This variant was identified by a candidate gene approach 

(Dieudé et  al, 2009), and the homozygous genotype was 

found to be associated with SSc-related pulmonary fibrosis. 

Multivariate analyses also showed this association to be 

significant for the allele and the homozygous genotype, 

suggesting a role in the severe pulmonary fibrosis pheno-

type. This finding was also replicated in an independent 

population from Japan (Ito et al, 2009). In a GWAS of 2296 

cases and 5014 controls (Radstake et al, 2010), three SNPs 

in the TNPO3-IRF5 region showed associations with SSc 

at the genome-wide significance level. In a follow-up study, 

the minor allele of one of those SNPs (rs4728142) was asso-

ciated with longer survival and higher forced vital capacity. 

This gene variant was also associated with lower IRF5 tran-

script levels in monocytes of patients and controls (Sharif 

et al, 2012). These data definitively identify IRF5 as one of 

the major susceptibility factors for SSc, playing a key role in 

type I IFN production and innate immunity.

IRF8 is another IFN regulatory factor that represents a 

risk locus in SSc. In a GWAS follow-up study examining the 

susceptibility loci of SSc serological and clinical subtypes, 

IRF8 (rs11642873) was associated with limited cutaneous 

SSc (lcSSc) in the discovery and replication cohorts (OR 

0.75, P=2.32E-12) (Gorlova et  al, 2011). This finding has 

not yet been investigated in an independent study.

These results were corroborated by another study, 

using an independent sample, and showed an association 

between IRF8 rs11117432 SNP and SSc susceptibility and 

confirmed in a meta-analysis the association signal for 

rs11642873 (Arismendi et  al, 2015). Haplotype analyses 

suggested a stronger association for rs11117432 for a subset 

of our patients, but a denser genotyping would be required 

to better narrow a potential causal variant. Furthermore, 

the latter report indicates that the variant IRF8 rs11117432 

increases IFNγ, whereas it decreases IFIT1 gene expres-

sion. IRF8 is a nuclear protein, which on stimulation by 

pathogen-associated molecular pattern molecules (PAMPs) 

moves into the cytoplasm and activates nuclear factor κB 

(NF-κB) and TLR signalling pathways, leading to cytokine 

production and thereby regulating inflammatory responses. 

The consequences of unregulated inflammation are asso-

ciated with the development of pathologic fibrosis such as 

that seen in SSc (Lafyatis et al, 2009).

IFN regulatory factor 7 (IRF7) represents a susceptibility 

locus for SSc, specifically for an ACA positive subgroup. A 

non-synonymous SNP (rs1131665) located in the exonic 

region of IRF7 was associated with ACA positive SSc in US 

and European cohorts (overall OR 0.78, PFDR=6.14 x 10–4—

the minor allele is protective) (Carmona et  al, 2012). This 

IRF7 SNP is also associated with SLE in a concordant direc-

tion and the disease associated variant was associated with 

higher IRF7 activity (Fu et al, 2011). The association of IRF7 

with SSc has not been confirmed in an independent study.

Toll-like receptor 2 (TLR2)

Toll-like receptors as pattern recognition molecules are 

pivotal elements of innate immunity. A relatively rare, 

non-synonymous SNP in TRL2 (rs5743704) was associ-

ated with anti-topo + SSc in two European patient cohorts 

(overall OR 2.55, P<0.001). The dendritic cells of SSc 

patients carrying the risk allele also showed increased IL-6 

and tumour necrosis factor α (TNFα) production on TLR-2 

agonist stimulation (Broen et al, 2012). The association of 

TLR2 with SSc has not been confirmed in an independent 

study.

Interleukin 1 receptor associated kinase-1 (IRAK1) and 

methyl-CpG-binding protein 2 (MECP2)

SNPs in the IRAK1 and MECP2 have been linked to SSc. 

Both genes are located on the X-chromosome (Xq28 

genomic region) which raises the possibility that these 

risk loci might contribute to female predilection in SSc. 

IRAK1 has important immune modulatory function by 

modulating the IL-1-induced activation of NF-κB in the 

TLR pathway, whereas MECP2 encodes a nuclear protein 

that binds specifically to methylated DNA, playing a 

central role in the transcriptional regulation of the meth-

ylation-sensitive gene. A non-synonymous SNP in the 

IRAK1 (rs1059702) was associated with diffuse cutaneous 

SSc (dcSSc) and was topo positive in female patients and 

controls recruited from French and follow-up German/

Italian cohorts. Furthermore, this SNP was associated with 

AQ3
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SSc related fibrosing alveolitis in addition to dcSSc and 

topo positive SSc. These associations remained significant 

even in case-case comparisons (ie, dcSSc vs lcSSc, topo- vs 

ACA-positive SSc, SSc with vs without fibrosing alveolitis) 

(Dieudé et  al, 2011). A follow-up study investigated the 

above IRAK1 SNP and four additional SNPs on the MECP2 

gene. The IRAK1 SNP rs1059702 and MECP2 rs17435 were 

both associated specifically with dcSSc in female patients 

and controls recruited from Spain and follow-up European/

US cohorts. However, conditional logistic regression anal-

ysis indicated that the association of IRAK1 rs1059702 with 

dcSSc was explained by the effect of MECP2 rs17435. These 

two SNPs were in moderate LD (r2=0.6). However, only 

IRAK1 SNP rs1059702 was associated with the presence of 

fibrosing alveolitis in case-control and case-case compari-

sons (OR 1.3, PFDR=0.039; OR 1.26, P=0.025, respectively) 

(Carmona et al, 2012).

C. Adaptive immunity

CD247

An SNP in the CD247 gene (the rs2056626) was asso-

ciated with SSc in the first Caucasian GWAS SSc study 

(combined analysis: P=3.39E−9; OR 0.86; 95% CI 0.81 to 

0.90) (Radstake et  al, 2010). This gene encodes the zeta 

subunit of the T cell receptor (TCR), which is involved in 

the formation of the TCR/CD3 complex. This finding was 

subsequently confirmed in a French independent cohort 

(Dieudé et al, 2011).

Transcription factor signal transducer and activator of 

transcription 4 (STAT4)

The gene product of STAT4 is a member of the STAT 

family that regulates the expression of many genes. Studies 

on STAT4 have focused particularly on T lymphocytes 

and have demonstrated that this molecule is activated by 

interleukins 12 and 23 and by type I IFN. STAT4 plays an 

important role in the orientation of T helper cells towards 

the Th1 and Th17 proinflammatory phenotypes. Several 

genetic studies have identified associations between vari-

ants of the STAT4 gene and autoimmune diseases. Such an 

association has been identified, in particular, for an SNP 

within the third intron, rs7574865, which may induce alter-

native splicing or other changes to transcription, although 

its precise role remains to be established.

Two large studies of European populations have inde-

pendently demonstrated an association between this marker, 

rs7574865, and the disease (Dieudé et  al, 2009; Rueda 

et  al, 2010). However, one of these studies found that the 

association was restricted to the limited cutaneous subtype 

(Rueda et al, 2010), whereas the other found no restriction 

to a particular cutaneous subtype and instead showed an 

association with pulmonary fibrosis (Dieudé et  al, 2009). 

Complementary studies in North America (Gourh et  al, 

2009) and Japan (Tsuchiya et al, 2009) provide support for an 

association between the STAT4 gene and SSc, but the variants 

studied were principally susceptibility factors for the limited 

cutaneous form and for the presence of ACAs. As for IRF5, 

the association between STAT4 and the disease has recently 

been confirmed by the whole-genome approach (Radstake 

et al, 2010; Allanore et al, 2011), definitively placing STAT4 

on the list of susceptibility factors for SSc.

STAT4 may be a genetic susceptibility factor not only 

in SSc but also in other autoimmune diseases. One very 

challenging question is the real impact of STAT4 variants 

on the SScc phenotype. A first translational approach has 

been reported investigating the contribution of STAT4 in 

the development of a fibrotic phenotype in two different 

mouse models of experimental dermal fibrosis (Avouac 

et al, 2011). Mice deficient for stat4 (stat4(-/-)) and wild-

type littermates (stat4(+/+)) were injected with bleomycin 

or sodium chloride and the outcome of mice lacking STAT4 

was also investigated in the tight-skin (TSK-1) mouse 

model. Stat4(-/-) mice appeared to be protected from bleo-

mycin-induced dermal fibrosis with reduction of dermal 

thickening (65±3% reduction, P=0.03), hydroxyproline 

content (68±5% decrease, P=0.02) and myofibroblast 

counts (71±6% reduction, P=0.05). Moreover, the number 

of infiltrating leucocytes, and especially T cells, were signifi-

cantly decreased in lesional skin of stat4(-/-) mice (63±5% 

reduction of T cell counts, P=0.02). Stat4(-/-) mice also 

displayed decreased levels of inflammatory cytokines such 

as TNFα, IL-6, IL-2 and IFNγ in the lesional skin. Consis-

tent with a primary role of STAT4 in inflammation, STAT4 

deficiency did not ameliorate fibrosis in TSK-1 mice. These 

data demonstrate that the transcription factor STAT4 exerts 

potent profibrotic effects by controlling T cell activation, 

proliferation and cytokine release. These findings help vali-

date the results of the genetic studies on the role of STAT4 

in the development of SSc and open new avenues for poten-

tial innovative therapies.

Tumor necrosis factor ligand superfamily, member 4 

(TNFSF4)

TNFSF4 encodes OX40 antigen ligand, which is involved in 

interactions between T cells/antigen presentation and the 

activation of T and B cells. Variants of this gene are associated 

AQ4

AQ4

AQ3

AQ3

AQ5

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



EULAR Textbook on Systemic Sclerosis     

128

with lupus, and a case-control study of 1059 US Caucasian 

SSc cases and 698 controls revealed associations for several 

SNPs of this gene, with specific associations dependent on 

autoantibody status (Gourh et  al, 2010). This finding was 

replicated in a study based on a total of eight European popu-

lations of Caucasian ancestry comprising 3014 patients with 

SSc and 3125 healthy controls (Bossini-Castillo et al, 2010). 

A third study examined the association of TNFSF4 SNPs in 

1031 SSc patients and 1014 controls of French Caucasian 

ancestry and performed a meta-analysis of all three studies. 

The meta-analysis confirmed the overall association with 

SSc but also showed preferential association with the ACA+ 

subset. The strongest effect was seen with the TNFSF4 SNP 

rs2205960 (OR 1.33, P=0.00013) (Coustet et al, 2012).

Protein tyrosine phosphatase, non-receptor type 22 

(lymphoid) (PTPN22)

PTPN22 encodes the LYP protein, a tyrosine phosphatase 

expressed by lymphoid cell lines. This enzyme regulates 

T lymphocyte activation by interacting with the effector 

kinases. It can down-regulate the negative selection of T 

cells in the thymus. The T allele of non-synonymous SNP 

rs2476601 (PTPN22*620W) induces a gain of function, 

which may prevent the deletion of autoreactive T cells in 

the thymus or may lead to insufficient activity of Treg cells. 

The PTPN22*620W allele is thus involved in various auto-

immune diseases and has been shown to be associated, 

in particular, with type 1 diabetes, lupus and rheumatoid 

factor-positive RA. An allelic association was found in 

North American multi-ethnic patients (905 patients and 

656 controls) with topo and ACA antibodies (Gourh et al, 

2006). Subsequently, seven SNPs were studied in a French 

sample of 659 patients and 504 healthy controls. In 8% of 

the patients, an autoimmune disease known to be associ-

ated with PTPN22 (eg, thyroiditis) was discovered. These 

patients were excluded from the analysis. No allelic or geno-

type association was reported, but a haplotypic association 

was found: disease was associated with the haplotype that 

carried the PTPN22*620W allele (P=1.52 x 10–7) (Dieudé 

et  al, 2008). Finally, a meta-analysis study with inclusion 

of the above studies and additional European Caucasian 

patients showed that PTPN22*620W was associated with 

SSc (OR 1.15, PFDR 0.03) and ACA + SSc (OR 1.22, PFDR 

0.02) (Diaz-Gallo et al, 2011).

B cell-specific scaffold protein with ankyrin (BANK1)

Despite the specificity of certain autoantibodies in SSc, 

the role of B lymphocytes has not been clearly established. 

Genetic data confirm the probable role of these antibodies in 

the disease. The BANK1 gene encodes the B cell-specific scaf-

fold protein with ankyrin repeats, which acts as a substrate of 

the LYN tyrosine, phosphorylating the inositol 1,4,5-triphos-

phate receptors. Two non-synonymous and functional SNPs 

of BANK1 (rs10516487 and rs3733197) were associated with 

the diffuse cutaneous form of the disease in 1295 patients and 

11137 controls of French and German Caucasian ancestry 

(Dieudé et al, 2009), and in another European study of 2380 

patients and 3270 controls (Rueda et al, 2010).

Chemokine receptor 6 (CCR6)

CCR6 protein, the receptor of CCL20, is a surface marker 

for IL-17 producing Th17 cells. CCR6 is a key factor for 

recruiting Th17 into target tissue. CCR6 rs10946216 

was associated with topo+ SSc (OR 1.32, Padj=9E-5) in 

three European populations (France, Italy, and Germany) 

(Koumakis et  al, 2013). This genetic association has not 

yet been investigated in independent studies. This finding 

provides support for the potential role of Th17 pathways in 

SSc pathogenesis.

B lymphocyte kinase (BLK)

The protein encoded by BLK transduces the downstream B 

cell receptor (BCR) signal. Two variants of the C8orf13-BLK 

region (rs13277113 and rs2736340) were studied in 1050 

Caucasian cases and 694 controls from the USA, and a repli-

cation study was carried out in 589 cases and 722 controls 

from Spain. In the pooled analyses, BLK SNP rs2736340 

was associated with SSc and especially with the lcSSc and 

ACA+ subsets (Gourh et al, 2010). Furthermore, the SNP 

rs13277113 was found to be associated with SSc in a Japa-

nese study (Ito et al, 2010). In a meta-analysis that included 

the above studies and an additional 1031 patients and 1014 

controls from France, this SNP was associated with SSc and 

especially with dcSSc (Coustet et al, 2011).

Tumour necrosis factor α-induced protein 3 (TNFAIP3)

TNFAIP3 (6q23) encodes the A20 protein, a zinc-finger 

protein required for feedback control of the NF-κB  signal-

ling pathway. Furthermore, A 20 can negatively regulate 

NLRP3 inflammasome activity (Vande Walle et al, 2014) as 

well as Wnt/β-catenin signaling (Shao et  al, 2013). Three 

variants of this gene were genotyped in a European sample 

of 1656 patients and 1311 controls, and the rs5029939 (allele 

G) marker was identified as associated with the disease (OR 

2.08; P=1.16E-7) (Dieudé et al, 2010). Strong associations 

have also been found with certain phenotypes, including, 
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in particular, the diffuse cutaneous form of the disease (OR 

2.71, P=5.2E-9), pulmonary fibrosis (OR 2.26, P=2.5E-6) 

and pulmonary arterial hypertension (OR 3.11, P=1.3E-5), 

suggesting a possible role of TNFAIP3 in disease severity. 

The observed genetic association has not yet been investi-

gated in independent studies, although another TNFAIP3 

SNP was associated with ACA+ SSc in the US/European 

Immunochip study (Mayes et al, 2014).

TNFAIP3 interacting protein 1 (TNIP1)

TNIP1 protein down-regulates NFκB signalling in part by 

interacting with TNAIP3. TNIP1 SNP rs2233287 was associ-

ated with SSc in the discovery and replication cohorts of the 

European GWAS (pooled OR 1.31, P=4.7E-09). Furthermore, 

TNIP1 levels were lower at protein and mRNA levels in the 

skin tissue of SSc patients compared with unaffected controls. 

Recombinant TNIP1 abrogated collagen synthesis in SSc and 

control fibroblasts, showing relevance of this inflammatory 

molecule for fibrotic response (Allanore et al, 2011). The asso-

ciation of TNIP1 with SSc was confirmed in an independent 

US/European study (Bossini-Castillo et al, 2013).

PRDM1

An SNP located 20 kbp downstream of PRDM1, s4134466 

was associated with SSc in a recent Japanese GWAS in 

conjunction with a European GWAS meta-analysis (Terao 

et  al, 2017) showing a genome-wide significant associa-

tion in the overall cohort (overall OR 0.85, P=6.6 E-10). 

This gene encodes a transcription factor that regulates T 

cell proliferation and plasma cell differentiation (Ott et al, 

2013). This association has not been confirmed in an inde-

pendent study.

Autophagy-related 5 (ATG5)

ATG5 protein forms a complex with ATG12 and assists in 

autophagosomal elongation. Autophagy mediates pathogen 

degradation and allows cells to clear unwanted cytoplasmic 

material and to recycle nutrients. It plays a pivotal role in 

adaptive and innate immunity. ATG5 SNP rs9373839 was 

associated with SSc in the recently completed US/European 

Caucasian Immunochip study, linking SSc pathogenesis 

to autophagy (pooled OR 1.19, P=3.75 E-8) (Mayes et  al, 

2014). The observed genetic association has not yet been 

investigated in independent studies.

IL-12 signalling pathways

IL-12 levels are increased in the serum of SSc patients, 

as well as in the alveolar lavage fluid from patients with 

SSc-associated interstitial lung disease. IL-12 can trigger 

a pro-inflammatory cell-mediated immunity and Th1 

response. Three genes in IL-12 signalling pathway were 

reported to be associated with SSc, implying an important 

role for this cytokine in SSc pathogenesis.

IL12RB2 intronic SNP rs3790567 was associated with 

SSc in a GWAS follow-up study of US/European Cauca-

sian patients (OR 1.17, P=2.82 E-9) (Bossini-Castillo et al, 

2012). Similarly, an SNP in the intergenic region of SHIP1-

IL12A (rs7758790) was associated with SSc with a relatively 

high OR of 2.57 (P=1.22 E-11) in the US/European Cauca-

sian Immunochip study, providing further evidence for the 

importance of IL-12 signalling in SSc (Mayes et al, 2014). 

Furthermore, an Immunochip follow-up study revealed 

that IL-12 SNP rs436857 was associated with SSc (pooled 

OR 0.81, P=3.9 E-9) in combined US/European cohorts 

(López-Isac et  al, 2014). The above associations in IL-12 

signalling pathways have not yet been replicated in inde-

pendent studies.

IL-21

IL-21 protein is a potent regulatory cytokine that is 

expressed in Th2, Th17, and NK cells. The IL-21 SNP 

rs6822844, which is located in the flanking 3’-untranslated 

region of IL-21, was associated with SSc in patients of Euro-

pean/US Caucasian decent (pooled OR 0.86, P=6.6E-04) 

(Diaz-Gallo et  al, 2012). This genetic association has not 

been yet replicated in independent studies.

Apoptosis and cell fate

Two genes involved in apoptosis and determination of cell 

fate have been associated with SSc and its clinical subtypes. 

The prominent role of dysregulated apoptosis in vascular 

and immune components of SSc pathogenesis raises the 

importance of the genetic loci below for follow-up mech-

anistic studies.

Deoxyribonuclease I-like 3 (DNASEIL3)

DNASEIL3 protein plays an important role in DNA frag-

mentation during apoptosis and in the generation of resected 

double-strand breaks in immunoglobulin-encoding genes. 

The non-synonymous DNASEIL3 SNP rs35677470 was 

associated with SSc in the first SSc Immunochip study in 

patients of European/US Caucasian decent (pooled OR 

1.47, P=3.36E-16). The association was strongest in the 

ACA+ SSc (pooled OR 2.03, P=4.25 E-31) (Mayes et  al, 

2014). This gene variant results in an Arg-to-Cys amino 

acid substitution and loss of a hydrogen bond leading to 
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diminished DNase activity. This genetic association was 

confirmed in subsequent Australian Immunochip study 

(Zochling et al, 2014).

SRY (sex determining region Y)-box 5 (SOX5)

SOX5 protein is a transcription factor involved in determi-

nation of cell fate. A SOX5 SNP was associated with ACA+ 

SSc in a GWAS follow-up study in US/European Caucasian 

populations (pooled OR 1.36, P=1.39 E-7) (Gorlova et al, 

2011). This finding has not been investigated in indepen-

dent studies.

GSDMA

A missense SNP in GSDMA, rs3894194 was associated 

with SSc in a Japanese and European population GWAS 

meta-analysis (overall OR 0.85, P=1.4 E-10) (Terao et  al, 

2017). GSDMA is highly expressed in skin and is involved 

in the regulatory effect of gene expression in various cell 

types including skin fibroblast. This association has not 

been yet independently confirmed.

Fibrosis pathways

Fibrosis is the ultimate end-product of SSc in several prom-

inently affected organs such as skin and lung. Although 

the majority of SSc susceptibility loci belong to immune 

regulation pathways, genetic associations with few genes, 

prominently involved in fibrotic pathways, have also been 

reported.

c-Src tyrosine kinase (CSK)

CSK protein is involved in regulation of myofibroblast 

differentiation in vitro and in mouse models by modulating 

the function of src kinase (Skhirtladze et  al, 2008). Src 

kinases are involved in fibrosis by regulating transmission 

of integrin signalling on adhesion of fibroblasts to the extra-

cellular matrix and their subsequent differentiation into 

myofibroblasts. CSK SNP rs1378942 was associated with 

SSc in a GWAS follow-up study in US/European Caucasian 

populations (pooled OR 1.2, P=5.04E-12) (Martin et  al, 

2012). This finding has not been investigated in indepen-

dent studies.

Caveolin 1 (CAV1)

CAV1 protein is an inhibitor of tissue fibrosis and decreased 

CAV1 expression has been thought to contribute to the 

fibrotic process in SSc. Based on its relevance to SSc patho-

genesis, the SNPs with the highest association in CAV1 in 

the GWAS of French SSc patients were investigated in an 

Italian Caucasian cohort. CAV1 SNP rs959173 was associ-

ated with SSc (pooled OR 0.81, P=0.0018). Indeed, CAV1 

protein expression levels were significantly higher in skin 

samples of both patients with SSc and controls carrying the 

allele that was protective for SSc (rs959173 C) in follow-up 

western blot and immunohistochemistry experiments 

(Manetti et al, 2012). The observed genetic association has 

not yet been investigated in independent studies.

Growth factor receptor-bound protein 10 (GRB10)

GRB10 protein interacts with a number of receptor tyro-

sine kinases and insulin-like growth factor receptors and 

regulates cell growth. Both tyrosine kinases and insulin-like 

growth factors have been implicated in SSc pathogenesis. 

GRB10 SNP rs12540874 was associated with lcSSc in a 

GWAS follow-up study (OR 1.15, P=1.27 E-6) (Gorlova 

et al, 2011). This finding has not been investigated in inde-

pendent studies.

Conclusion
It is clear from these studies that there is a genetic compo-

nent to the physiopathology of SSc and major progress 

has been recently achieved in understanding the genetics 

of the SSc susceptibility. Multicentre and trans-national 

efforts have allowed the building of large cohorts, which are 

mandatory to investigate the genetic component in complex 

disorders. The majority of the risk loci that have been iden-

tified and replicated thus far are involved in autoimmune 

regulation. This finding provides further support for the 

hypothesis that the inciting immune dysregulations trigger 

and maintain the fibrotic manifestations of SSc. As in many 

polygenic diseases, the presence of several polymorphisms 

in a given individual probably contributes to the risk of the 

disease, with each polymorphism having only a minimal 

effect on its own. It is also possible that these genetic loci 

have a multiplicative effect on disease susceptibility by 

gene-gene or gene-environment interactions.

The most consistent results to date have been obtained 

for the autoimmune component, with replication in large 

studies identifying HLA, IRF5, CD247, STAT4, etc as the 

principal genes involved (table 2). Several of these genes are 

already well established risk factors for other autoimmune 

diseases, raising the possibility of shared autoimmunity. 

Several genetic factors of relatively small effect may cumula-

tively create a state of susceptibility to autoimmune diseases 

according to the quantitative threshold concept (reviewed 

in Cho et al, 2011). Self-reactive B and T cells are a normal 
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Table 2 Selected genetic susceptibility loci in systemic sclerosis.

Gene Chr SNP Type of study Comments

TNFSF4 (OX40L) 1q25 rs1234314; rs2205960
rs844648

Candidate gene
(American population)

Association particularly with 
autoantibody status; mainly 
lcScc

PTPN22 1p13.2 rs2476601 Candidate gene (with replication 
in an independent population)

Limited to ACA+ or topo+ 
patients

CD247 1q24.2 rs2056626 Whole genome

STAT4 2q32 rs7574865 Candidate gene and whole 
genome

Associated subtype poorly 
defined

BANK1 4q24 rs10516487
rs3733197
rs17266594

Candidate gene Only the diffuse cutaneous 
subtype

HLA class II 6 NA Candidate gene and whole 
genome

Causal variant not identified

TNFAIP3 6q23 rs5029939 Candidate gene (European 
Caucasian population)

Severe phenotype, causal 
variant not identified

PRDM1 6q21 rs4134466 Whole genome in multi-ethnic 
meta-analysis

IRF5 7q32 rs2004640 Candidate gene and whole 
genome

Diffuse cutaneous form and 
pulmonary fibrosis
SSc survival and risk of ILD

C8orf13/ BLK 8p23-p22 rs2736340
rs13277113

Candidate gene (with replication 
in an independent population)

Higher risk if ACA+

IRF8 16q24.1 rs11117432; 11642873 Candidate gene LcSSc

IRF7 11p15.5 rs1131665 Candidate gene ACA+

TLR2 4q32 rs5743704 Candidate gene Topo+

CCR6 6q27 rs10946216 Candidate gene Topo+

BANK1 4q24 rs10516487; 3733197 Candidate gene DcSSc

BLK 8p23-p22 rs13277113; rs2736340 Candidate gene

GRB10 7p12.2 rs12540874 Secondary analyses of GWAS LcSSc

CAV1 7q31.1 rs959173 Candidate gene

SOX5 12p12.1 Secondary analyses of GWAS ACA+

CSK 15q24.1 rs1378942 Secondary analyses of GWAS

DNASE1L3 3p14.3 rs35677470 Immunochip ACA+

ATG5 6q21 rs9373839 Immunochip

GSDMA 17q21 rs3894194 Whole genome in multi-ethnic 
meta-analysis

IL12RB2 1p31.3 rs3790567 Secondary analyses of GWAS

1L12 12q13.3 rs436857 Immunochip

IL21 4q26 rs6822844 Candidate gene

IRAK1/MECP2 Xq28 IRAK1 rs1059702
MECP2 rs17435

Candidate gene DcSSc, topo+
ILD

ACA, anticentromere antibody; dcSSc, diffuse cutaneous SSc; GWAS, genome-wide association studies; ILD, interstitial lung disease; lcSSc, 
limited cutaneous SSc; SSc, systemic sclerosis.
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component of the immune system. However, they are usually 

kept in check by regulatory mechanisms in the thymus/bone 

marrow or peripheral blood. In the concept of quantitative 

threshold, the implicated shared genetic variations in auto-

immune diseases lead cumulatively to an impairment of the 

necessary biological processes for destruction of self-reac-

tive immune cells, leading to autoimmunity. Although the 

disease manifestations of specific autoimmune diseases vary, 

the genetic basis for occurrence of autoimmunity seems to 

overlap among them. It is possible that other triggers such 

as environmental and stochastic factors further contribute to 

phenotypic manifestation of a specific autoimmune disease 

in a susceptible host.

Many of the reported susceptibility SNPs are located in 

non-coding regions (introns). It is possible that these loci 

are in LD with SNPs in coding regions. However, there is 

also increasing evidence that these loci might influence the 

transcription of regulatory RNAs such as microRNAs or 

long-non-coding RNAs (Gardini et al, 2014). These regu-

latory RNAs might have important biological functions in 

SSc pathogenesis (Altorok et al, 2014).

Adding complexity to the regulation of gene expression 

is the fact that gene function is also subject to regulation 

by epigenetic factors. An epigenetic change is defined as a 

heritable change in gene expression that does not involve a 

change in the DNA sequence. Epigenetic mechanisms play 

an essential role in eukaryotic gene regulation by modifying 

chromatin structure, which in turn modulates gene expres-

sion. These epigenetic changes are reversible, respond to 

environmental triggers and vary by cell type (Ballestar, 2011).

However, this highly complex puzzle is not yet 

complete and the so-called missing heritability is still 

challenging. This question is a source of ongoing debate 

and many sources could contribute to it. Possible expla-

nations are  : (1) additional common variants with low 

genetic effects exist but current GWAS remain under-

powered to identify such risk loci (figure 2); (2) rare 

variants might be involved that cannot be detected with 

the GWAS approach but direct association mapping 

through sequencing candidate genes, exomes, or entire 

genomes can be applied; (3) genetic heterogeneity is also 

likely—genetic studies of clinically more homogeneous 

subforms of the disease may be targeted; (4) interactions 

between genes or between genes and environment are 

likely to contribute to the disease risk.

Glossary:
Alleles: Alternate forms of a gene or chromosomal locus 

that differ in DNA sequence.

Base pair (bp): Two nitrogenous bases paired together in 

double-stranded DNA by weak bonds; specific pairing of 

these bases (adenine with thymine and guanine with cyto-

sine) facilitates accurate DNA replication, when quantified 

bp refers to physical length of a sequence of nucleotides.

Exon: The proportion of a gene that encodes amino acids.

Haplotype: A group of specific alleles at neighbouring 

genes or markers that tend to be inherited together.

Intron: The proportions of a gene that are removed (spliced 

out) before translation to a protein. Introns may contain 

Summary points

•	 There is a familial risk of systemic sclerosis (SSc), with SSc occurring more frequently in families in 

which cases have already been identified than in the general population.

•	 Clinical concordance between monozygotic twins is poor, but concordance rates are higher 

mainly for autoantibodies and fibrotic transcript profile.

•	 International collaborations have enabled sufficiently-powered, genome-wide association 

studies, leading to the discovery of robust and reproducible genetic susceptibility loci.

•	 The majority of SSc susceptibility loci are involved in innate and adaptive immunity, underscoring 

the role of immune dysregulation for SSc pathogenesis.

•	 The majority of SSc susceptibility loci are located in the intronic areas which might influence 

directly the transcription of non-coding regulatory RNAs or be in linkage disequilibrium with 

genetic variants in coding areas.
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regulatory information that is critical to appropriate gene 

expression.

Minor allele: The allele of a biallelic polymorphism that is 

less frequent in the study population, ranging from 1% to 

<50%.

Non-coding RNAs: Segments of RNA that are not trans-

lated into amino acid sequences but may be involved in the 

regulation of gene expression.

Non-synonymous single nucleotide polymorphism: A 

polymorphism that results in a change in the amino acid 

sequence of a protein (and may therefore affect the function 

of the protein).

Single nucleotide polymorphism (SNP): Most common 

form of genetic variation in the genome, in which a single-

base substitution has created two forms of a DNA sequence 

that differ by a single nucleotide.

Trio: Genetic study design including an affected offspring 

and both parents.
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Introduction: cutaneous involvement 
is a hallmark of systemic sclerosis

The most accessible and obvious signs of systemic sclerosis 

(SSc) are its cutaneous manifestations and that they occur in 

most patients (Krieg and Takehara, 2009).

The skin encompasses three layers: epidermis, dermis 

and subcutis (pannus, hypodermis), including skin append-

ages, vessels and nerves. Skin involvement derives mainly 

from the vasculopathy, from the inflammatory processes 

and appearance of myofibroblasts, and from the sclerotic 

processes in the dermis which may influence each other 

(primary vasculopathy in Raynaud phenomenon and 

secondary vasculopathy by compression due to the fibrotic 

wall around vessels).

Cutaneous signs caused by involvement of cutaneous 

vessels (Raynaud´s phenomenon) and important sequelae 

(eg, digital ulcers) will be dealt with in detail in chapters 13 

and 15.

Relevance of skin involvement and 
especially sclerosis for classification, 
diagnosis and prognosis of SSc

By definition of the preliminary criteria for classification 

of SSc (American Rheumatism Association, 1980) and by 

general clinical experience, nearly all patients develop skin 

involvement, notwithstanding the heterogeneity of SSc and 

its manifestations through internal organs, production of 

autoantibodies, and microvasculopathy (see chapter 3 on 

epidemiology).

The most characteristic cutaneous sign is sclerosis. Its 

relevance for the characterisation of SSc is also implied by 

the synonym scleroderma, which, however, is becoming an 

obsolete and imprecise term (Aringer et al, 2015). In the new 

2013 classification criteria for systemic sclerosis, the crite-

rion skin thickening of the fingers extending proximal to 

the metacarpophalangeal joints is sufficient for the patient 

to be classified as having SSc (van den Hoogen et al, 2013).

12 Skin involvement

Cord Sunderkötter AQ1

Learning objectives:

•	 To recall the various signs of skin involvement.

•	 To distinguish between signs of early and established systemic sclerosis (SSc).

•	 To understand that cutaneous fibrosis is a major hallmark of SSc.

•	 To understand that skin involvement provides critical parameters for subclassification of SSc in 

limited cutaneous SSc and diffuse cutaneous SSc.

•	 To bring up the prognostic relevance of the degree of skin involvement.

•	 To recall the differential diagnosis of fibrosis.
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Sclerosis is the result of histologically visible fibrosis 

of the skin with excessive generation and closely packed 

collagen bundles, in which fibrils are probably cross-linked 

and arranged differently compared with healthy normal 

skin, loss of vessels and loss of sebaceous glands. The 

fibrotic process usually originates in the connective tissue of 

the septae in the subcutaneous layer (panniculus adiposus).

Sclerosis therefore possesses a high specificity for SSc. 

As a caveat, fibrosis or sclerosis are of low sensitivity when 

it comes to the early diagnosis of possible SSc.

Skin manifestations are also critical in the subclassifi-

cation of SSc into the different subsets of disease—that is, 

in limited cutaneous SSc (lcSSc) and diffuse cutaneous SSc 

(dcSSc) (see Introduction). The main difference between 

these two subsets with regard to the skin is the distribution 

of cutaneous involvement: 

 • In lcSSc it is confined largely to the hands, proximal 

extremities up to the elbows as well as face, and its 

progress is slow.

 • In dcSSc skin thickening extends proximal to the 

elbows and may involve the whole trunk (figure 1); its 

progression is rapid (see Introduction).

As such the form or extent of skin involvement there-

fore also bears relevance for prognosis of SSc as it correlates 

inversely with survival (Clements et  al, 2000). SSc-overlap 

syndromes often show skin involvement similar to SSc, but 

should be regarded as a separate SSc subset (distinct from 

lcSSc and dcSSc) due to different progression of the disease, 

different proportional distribution of specific autoantibodies, 

and different organ involvement (Moinzadeh et al, 2015).

The direct and easy accessibility of the skin to inspec-

tion and palpation makes skin changes easily detectable 

and amenable to quantification. The modified Rodnan Skin 

Score (mRSS) provides a diagnostic tool for quantification 

of the extent and severity of fibrosis (and is thus an easily 

applicable parameter for disease activity in SSc).

Early skin involvement

Raynaud phenomenon
The earliest sign of skin involvement is usually a sign of 

vasculopathy—that is,  Raynaud’s phenomenon (which is 

dealt with in chapter 13).

Pathologically altered nailfold capillaries 
Alterations of the vessels in the nailfold (see chapter 13) 

with, for example, dilated capillaries, megacapillaries and 

avascular fields, are a related sign of vasculopathy which 

can be made visible early in SSc by capillaroscopy.

Puffy hands
Swelling of the fingers (puffy hands) (figure 2) is another 

early cutaneous sign of SSc. The underlying oedema may 

reflect pathologically increased vascular permeability.

The relevance of puffy hands as an early diagnostic sign, 

a so-called red flag, has recently been elaborated in a study 

aimed at identifying a core set of preliminary criteria neces-

sary for the very early diagnosis of SSc (on the basis of a 

three-round Delphii exercise) (Avouac et  al, 2011) and is 

being further assessed in an ongoing study (VEDOSS—

Very Early Diagnosis Of Systemic Sclerosis) by the EUSTAR 

(European Scleroderma Trials And Research) group.

i The Delphi method is a consensus method for medical research which is 

aimed at assessing the extent of agreement (consensus measurement), and to 

resolve disagreement (consensus development), based on available evidence 

and supplemented by expert opinion.Figure 1 Sclerosis of the trunk in diffuse cutaneous systemic sclerosis.

Figure 2 Puffy hands (figure provided by Dr Ilka Herrgott, Depart-

ment of Dermatology, University of Muenster, Muenster, Germany).
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Puffy hands, however, is a non-specific clinical sign of 

SSc, because it is also present in other diseases, such as in 

mixed connective tissue disease (MCTD) or undifferenti-

ated connective tissue disease, and it may resemble oedema 

due to congestive heart failure or obstruction of veins 

contributing to the cava superior vein.

Although puffy hands are not a specific sign, they should 

be considered as a warning sign (‘red flag’) which should: 

(1) result in the follow-up of patients with this symptom, 

and (2) prompt non-specialists (eg, general practitioners) 

to refer these patients to a specialist (rheumatologist or 

dermatologist with experience in SSc).

The occurrence of puffy fingers may be associated with 

occurrence of arthralgias early during SSc.

Non-pitting oedema, sclerodactyly 
Oedema in puffy fingers soon turns into non-pitting oedema 

of the fingers after which the skin of the swollen fingers 

starts to thicken and develop into sclerodactyly. Sclerodac-

tyly signifies a sign for established SSc, and presents one 

of the severely compromising or disabling components of 

systemic sclerosis.

Skin involvement in established SSc

Fibrosis and sclerosis
The most characteristic cutaneous signs of established 

SSc are fibrosis or sclerosis. Sclerosis presents an almost 

universal manifestation of SSc since thickening and hard-

ening of some area of the skin is encountered in nearly 

every patient (SSc sine scleroderma makes up only 1.5% 

of patients in the German Network of Systemic Sclerosis 

(Hunzelmann et al, 2008)).

The term sclerosis refers to the diffuse hardening and 

induration of the skin with loss of cutaneous elasticity and 

accompanying tightness. On palpation the skin feels hard, 

wood- or board-like. When trying to grasp it with thumb 

and index finger it feels thickened and difficult to be picked 

up (these are criteria of the mRSS). This is due to the 

extension of fibrosis through the subcutis and the ensuing 

attachment of the dermis to the fascia (see chapter 8).

Sclerosis develops gradually in the course of the disease. 

It starts with oedema, turns into sclerosis and ends in an 

atrophic stage (exemplified by the changes of the fingers 

over time: they are initially swollen, then present with 

non-pitting oedema, and are later hardened).

In lcSSc, in which sclerosis is confined to the extrem-

ities and face, it progresses slowly. In patients with dcSSc 

the onset of disease is characterised by more extensive skin 

thickening, extending beyond the extremities and face 

to include the complete limbs and trunk. Often, dcSSc is 

accompanied by early organ involvement.

Fibrosis involves all structures in the skin. It embraces 

vessels and skin appendages (hair follicles, sweat glands) 

and leads to their narrowing or atrophy and finally even 

to their loss. Subsequently the overlying epidermis often 

becomes atrophic as do the skin appendages (see below). 

Also the physiological pigmentation of the skin may change 

(see below), helping to detect the areas involved in the scle-

rotic process.

Most other signs of skin involvement derive from scle-

rosis.

Microstomy and mask-like stiffness
When the face becomes affected in SSc characteristic 

features develop which include telangiectasias, a beak-

shaped nose, reduced aperture of the mouth (microstomy) 

and radial furrowing around the mouth (figure 3). Sclerosis 

may include the lips.

Further fibrosis leads to hardening of the facial skin so 

that the patient finds it increasingly difficult to exert mimic 

movements and therefore the face becomes expressionless, 

showing a mask-like stiffness.

Neck sign
The neck sign refers to ridging and tightening of the skin of 

the neck on extension of the head (figure 4). It is positive in 

>90% of SSc patients (and negative in patients with primary 

Raynaud phenomenon) (Barnett 1989).

Figure 3 Microstomy and radial furrowing around the mouth.
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Hypo- and hyperpigmentation (‘salt and 
pepper’ skin)
The often simultaneous presence of hypo- and hyperpigmen-

tation in the same areas of the skin (‘salt and pepper’ skin) is 

not only characteristic for established SSc, but also guides the 

eye to the areas involved in the sclerotic process (figure 5).

The salt-and-pepper skin changes represent vitiligo-like 

depigmentation, which spares the perifollicular area where 

the capillary network is believed to preserve melanogenesis 

and maintain pigmentation (Giberson et al, 2017). Pigment 

loss and melanophages are observed in the papillary dermis. 

atrophy of epidermis and post inflammatory pigment 

incontinence. Hyperpigmentation has been partially 

attributed to the melanogenic potential of endothelin-1 

(ET-1), while focal hypopigmentation has been suggested 

to be caused by loss of melanin or melanocytes due to 

occlusive vasculopathy.

Blanching of fingers
On extension or flexion the skin over the knuckles becomes 

white. This often affects several fingers simultaneously. This 

is not to be confused with Raynaud phenomenon where 

only single digits are affected. Blanching is due to transient 

fibrotic compression of digital vessels while fingers are 

flexed or extended. 

Sclerotic frenulum and impaired 
mobility of the tongue
Within the oral cavity, sclerosis of the frenulum (of the 

tongue) is a characteristic sign of SSc. It impairs mobility 

of the tongue.

Sclerotic or atrophic patches in oral 
mucosa
Small or large, white and somewhat hardened or atrophic 

shiny patches may develop in the oral mucosa, and the 

tongue takes on a smooth atrophic appearance. The signs 

are often associated with dryness (sicca syndrome).

AQ2

Figure 4 Neck sign (ridging and tightening of the skin on exten-

sion of the head). Figure 5 Hypo- and hyperpigmentation (‘salt and pepper’ skin).
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Nailfold hyperkeratosis
Hyperkeratosis of the nailfold with thickening of the skin 

occurs in several patients, but it is usually less pronounced 

than in dermatomyositis.

Calcinosis cutis
Calcinosis cutis  is due to deposition of insoluble calcium 

salts in the skin and subcutaneous tissue. The abnormal 

deposition mostly occurs over pressure points.

Calcinosis cutis usually occurs in a subgroup of patients 

with lcSSc; since Raynaud phenomenon, oesophageal 

dysfunction of the lower sphincter, sclerodactyly and telan-

giectasias are also usually observed in these patients, the 

symptoms were summarised by an acronym as the so-called 

CREST syndrome; this term, however, does not include 

the often present and life threatening pulmonary arterial 

hypertension and should therefore be abandoned and listed 

as lcSSc (Aringer et al, 2015).

Dry skin (anhydrosis)
Dry skin is a common skin manifestation of SSc as it is a 

consequence of fibrosis. Fibrosis in SSc extends into the 

subcutis (pannus) and compresses the hair follicles as well 

as the sebaceous glands and the surrounding vessels (on 

histology it looks as if the skin appendages have moved up 

into the dermis). This subsequently leads to loss of seba-

ceous glands and thus results in dryness. 

Loss of integumentary hair
In areas of marked fibrosis cutaneous hair is lost due to 

atrophy and loss of hair follicles.

Pruritus
Skin dryness is one reason for the occurrence of sometimes 

intense and vexing pruritus in patients with SSc.

Joint contracture
An inability to extend or flex joints, especially of the fingers, 

is another important cutaneous manifestation of SSc. Tight 

fibrosis and ensuing stiffness lead to joint contracture.

Tendon friction rub
Although not a presenting sign of skin involvement, but 

rather of the underlying tissue compartment, the leathery 

crepitating tendon friction rub is well palpable through 

the skin. It presents a very important symptom since it is 

frequent in (and thus characteristic for) diffuse, but not 

localised, SSc (Hunzelmann et al, 2008).

Pitted scarring of fingertips
Loss of substance from digital pulp, with tapering of the 

fingertips, is commonly seen; it is not necessarily a conse-

quence of scars caused by preceding digital ulceration, but 

it is a sequela of increasing sclerosis of fingers and atrophy 

of the tissue.

Digital ulcers
Painful digital ulcers occur on the fingertips or over bony 

prominences as a result of local ischaemia and vascular 

insufficiency, and are probably also a sequela of sclerosis, 

atrophy and trauma. They are a frequent characteristic and 

very disabling complication of SSc. 

Digital ulcers are often painful as well as disabling and 

can be complicated by secondary bacterial infection and 

gangrene, and auto-amputation. They therefore need to be 

detected and treated early (Riemekasten et al, 2012). 

Differential diagnosis of scleroderma
Scleroderma-like skin changes can occur in the following 

conditions: 

 • Localised scleroedema (morphoea) and its variants 

(eosinophilic fasciitis = sudden onset of sclerosis 

involving the subcutaneous tissue mainly at the 

extremities, peripheral eosinophilia), which, however, 

do not include signs of systemic involvement or Raynaud 

phenomenon.

 • Scleromyxoedema and localised variants of lichen 

myxoedematosus: scleromyxoedema is characterised 

by many firm papules, often in linear array, and areas of 

induration with shiny and indurated skin (sclerodermoid); 

the glabella is typically involved with deep longitudinal 

furrowing. The manifestations are due to dermal deposition 

of mucin and increased dermal collagen, often associated 

with a monoclonal gammopathy and sometimes with 

severe systemic involvement. In contrast, localised variants 

of lichen myxoedematosus are restricted to the skin.

 • Scleroderma adultorum Buschke leads to non-pitting 

scleroedema in its true sense as it cannot be indented 

by pressure of fingers. It often occurs mostly in patients 

with diabetes mellitus. The term is a misnomer as the 

disease also occurs in children.
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 • Nephrogenic systemic fibrosis, a newly recognised 

scleroderma-like syndrome occurring in patients with 

severe renal insufficiency receiving gadolinium-based 

contrast media. It shows symmetrical distribution 

of thick, indurated, patterned erythematous and 

hyperpigmented plaques on the extremities and trunk. 

There may be joint contractures due to confluence 

of plaques on the extremities. The disease may be 

associated with yellow scleral plaques and systemic 

fibrosis involving the lungs, heart and muscle.

 • Scleroderma-like graft-versus-host disease.

 • Fibrosis of hands in porphyria cutanea tarda.

 • Fibrosis in toxic oil syndrome, after exposure to polyvinyl 

chloride or to organic solvents.

Prognostic relevance of extent of skin 
sclerosis
The extent of skin involvement bears relevance for prog-

nosis of SSc as it correlates inversely with survival and it is 

considered a valuable marker of disease severity (Clements 

et al, 2000). This link between severe skin involvement and 

major visceral complications in dcSSc was established in 

several studies (Clements et al, 2000). 

Patients with diffuse fibrosis in dcSSc run a higher risk 

of developing digital ulcers (Sunderkötter et al, 2008) and 

renal crisis than patients with lcSSc.
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In 1862, Maurice Raynaud recognised that vascular flow 

to the fingers was dynamic and that exposure to cold 

temperatures could cause transient digital ischaemia that he 

ascribed to an exaggerated response of the central nervous 

system (CNS). The term ‘Raynaud’s phenomenon’ is now 

used to describe these transient episodic events that mani-

fest clinically as triphasic cutaneous colour changes of the 

digits following cold exposure or emotional stress (figure 1) 

(Wigley and Flavahan, 2016).

Normal responses to ambient 
temperature
It is now appreciated that in humans the cutaneous blood 

flow is highly regulated and plays a key role in maintaining a 

stable core body temperature (Charkoudian, 2010; Johnson 

and Kellogg, 2010). Cold ambient temperature activates 

transient receptor potential (TRP) cation channels which are 

expressed on peripheral nerves. TRPM8 belongs to the TRP 

melastatin (TRPM) subfamily that is shown to play a role in 

thermo reception of cold temperatures (Liu and Qin, 2011), 

while TRPV1 (the vanilloid receptor subtype 1) is activated 

by warm temperatures (Wetsel, 2011; Alonso-Carbajo et al, 

2017). TRPM8 is expressed in a subset of dorsal root ganglia 

neurons that are classified as small-diameter unmyelinated 

C fibres. Activation of these neurons notifies the hypothal-

amus (the central ‘thermostat’ of the CNS) of changes in 

ambient temperature. When cold temperatures are sensed 

then the cutaneous blood flow is reduced by vasoconstric-

tion of thermoregulatory arterial-venous shunts in the skin. 

This vasoconstriction is initiated by an increase in sympa-

thetic tone mediated by release of norepinephrine from 

the CNS. Emotional stress or a startle reaction can cause 

cutaneous vessels to constrict through provocation of the 

normal sympathetic neuronal system that predominantly 

controls peripheral cutaneous blood flow.

In addition to the CNS control of cutaneous blood flow 

there are vasoactive neuropeptides released directly from 

cutaneous sensory nerves, and there are vasoactive factors 

(endothelin-1 (ET-1), nitric oxide, prostacyclins) released 

from the endothelial layer of the digital and cutaneous vessels 

themselves (Generini et  al, 2005). There are also direct 

effects of temperature on cutaneous vessels. Chotani et  al 

demonstrated in ex vivo studies that α2c-adrenoreceptors on 

13 Raynaud’s phenomenon

Maurizio Cutolo, Vanessa Smith, Alberto Sulli

Learning objectives

•	 To describe and explain the regulation and normal response of digital blood flow to cold exposure.

•	 To report the criteria for the diagnosis of primary and secondary Raynaud’s phenomenon (RP).

•	 To describe and explain the characteristics of the nailfold capillary changes on capillaroscopy 

suggesting secondary RP to systemic sclerosis.

•	 To describe the state of the art for the treatment of RP.
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vascular smooth muscle play a prominent role in the vaso-

constriction of cutaneous arteries after moderate cooling 

(Chotani et al, 2000). These investigators showed that cold 

temperatures increased the expression of α2c-adrenorecep-

tors on vascular smooth muscle. This finding implied that 

surface cooling of the skin can increase the sensitivity of 

the thermoregulatory vessel to local cooling by enhancing 

the expression of α2C-adrenoreceptors and thus exagger-

ating the vessel response to sympathetic signalling by the 

neurotransmitter norepinephrine. Interestingly, increased 

α2c-adrenoreceptor activity is reported to be increased in 

the cutaneous vessels from patients with systemic sclerosis 

(SSc) (Flavahan et al, 2000).

The thermoregulatory vessels are densely distributed 

in the skin, and in particular areas of the fingers, hands, 

toes and feet. Vasoconstriction of these superficial vessels 

shunts blood into deeper vessels, thus conserving heat loss 

and maintaining normal core temperature. Exposure to 

warm temperatures triggers a decrease in sympathetic tone 

and thus the cutaneous vasodilation leading to an increase 

in blood flow to the skin. The skin blushes with increased 

surface blood flow and heat is lost by convection, again 

allowing the core body temperature to remain stable.

Clinical features of Raynaud’s 
phenomenon
Raynaud’s phenomenon (RP) is a functional clinical condi-

tion caused by vasoconstriction of cutaneous blood flow that 

occurs following a small decrease in core body temperature 

or whenever there is cold exposure to the surface of the skin. 

Rapid changes in ambient temperature such as walking into 

the cold food section of a grocery store, cold breezes flowing 

over exposed skin and inactivity in a cold room are especially 

likely to trigger an RP attack. Therefore, RP has been further 

suggested as a disorder of vascular thermoregulatory control 

(Nietert et al, 2015). Although attacks occur following local 

cold exposure of the fingers and toes, a general body chill 

will also trigger an episode, even if the hands or feet are kept 

warm. Therefore, to avoid RP patients must maintain whole 

body warmth. Also emotional stress or a startling reaction 

with or without cold is a potent trigger for RP (Brown et al, 

2001). For example, it is common for the physician to witness 

an attack during a clinical visit because the patient is often 

anxious about the medical encounter.

RP is known to be the clinical expression of a distur-

bance of regulation of the cutaneous thermoregulatory 

vessels (Herrick, 2005). Most data support the theory of Sir 

Thomas Lewis that the defect is a “local fault” in the regional 

vascular regulation rather than, as Maurice Raynaud postu-

lated, an abnormality in the response of the CNS. The 

exact defect associated with RP will vary depending on the 

underlying cause of the process. In primary RP (see below) 

a disease process is not defined. In RP secondary to SSc 

there is dysfunction of the endothelium that results in an 

imbalance of vasoactive factors and decreased release from 

sensory nerves of vasodilatory neuropeptides that increase 

responses to stress or cold stimuli. Severe vasospasm of 

digital arteries and cutaneous thermoregulatory vessels 

results with repeated bouts of vasoconstriction causing 

occlusion of the microcirculation and ischaemia-reperfu-

sion injury via production of reactive oxygen species (ROS) 

(Herrick, 2012).

Classically, patients with RP complain of unusually cold 

fingers and toes with the sudden appearance of pale white 

or cyanotic fingers on cold exposure. During the initial 

phase of an RP attack cold temperature leads to intense 

vasoconstriction of the digital arteries, precapillary arteri-

oles, and cutaneous arterial-venous shunts; thus the skin 

appears pale white with no blood flow (figures 2 and 3).

Blue, cyanotic skin follows the white phase, due to blood 

flow stasis and haemoglobin reduction (figure 2). After a 

variable time, reactive hyperaemia follows as some digital 

blood flow returns (flushed skin) due to release of vaso-

active factors from hypoxic tissues (eg, nitric oxide) (figure 

4). This third phase of the disease may be painful and 

paraesthesia may be also complained about.

Usually, RP occurs suddenly as an ‘attack’ involving the 

skin of the fingers, toes and frequently even other peripheral 

Figure 1 Raynaud’s phenomenon in both hands of a patient affected 

by systemic sclerosis.
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sites such as ears, tip of nose, tongue or skin of the limbs. 

Patients often complain of a dominant finger which is more 

sensitive to cold; thus a typical attack starts in one or several 

digits after exposure to the cold or a stressful situation and 

then spreads symmetrically from the tip to the metacar-

pophalangeal joint of all fingers of both hands. The attack 

usually ends in 15–20 minutes following reversal of the cold 

exposure with a rapid reflow of blood into the digit; the skin 

appears blushed due to the rapid return of blood or ‘reactive 

hyperaemia’ (figure 4).

The diagnosis of RP is established by a clinical history 

(figure 5) or by directly witnessing an event. There is no 

standard objective test that is useful for the practising physi-

cian. Provocative testing such as exposure of the hand to 

cold water is not recommended, and this may be performed 

only in selected cases. However, currently for research 

purposes there are a variety of methods to assess peripheral 

and cutaneous blood flow such as laser Doppler flowmetry, 

laser Doppler imaging, laser speckle contrast analysis, and 

thermography (Herrick, 2012; Sulli et  al, 2014a,b; Ruaro 

et al, 2015).

In selected cases, special testing such as MRI angio-

graphy may be useful to help determine the cause of RP and 

to assess if a proximal or associated macrovascular disease 

is present.

Clinical criteria can be used to confirm the diagnosis 

(Brennan et al, 1993). Definite RP is diagnosed by a history 

of cold sensitivity with both pallor and cyanosis. Possible 

RP is defined by cold sensitivity with uniphasic colour 

changes. RP is not present if the patient complains of cold 

hands without skin colour changes. Some authors suggest 

that having the patient correctly identify an attack from a 

series of colour photos of both normal skin and an actual 

RP attack is needed and help to confirm the diagnosis.

There are several situations that can mimic RP. First, cold 

hands and feet without demarcated colour changes typical 

of RP are common in the general population (Maricq et al, 

1989). Acrocyanosis may present with persistent blue 

mottling of the palms and fingers aggravated by cold. This 

benign disorder is often seen in young women, involving 

also the subpapillary vessels (Das et al, 2013). Livedo reticu-

laris is a violaceous reticular pattern of the skin of the arms 

and legs, sometimes with regular unbroken circles aggra-

vated by cold exposure. It is often seen in patients with RP 

and, when completely reversible with rewarming, is a benign 

finding. However, fixed livedo reticularis may be a manifes-

tation of a hypercoagulable state, small vessel vasculitis or 

antiphospholipid syndrome. Critical digital ischaemia from 

more proximal vascular disease or local inflammatory or 

occlusive vascular disease can mimic RP with secondary 

Figure 2 Early phase of Raynaud’s phenomenon. Note pallor on 

several digits.

Figure 3 Acute Raynaud’s of the toes phenomenon. Note pallor of 

toes and cyanosis of toes and sole of foot.

Figure 4 Raynaud’s of the fingers showing the phase of reactive 

hyperaemia (flushing).
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vasospasm and skin discoloration due to altered blood flow. 

Peripheral neuropathy can be associated with cold hands or 

feet without classical RP.

The reported prevalence of RP varies depending on the 

population studied, the methods used and the season at the 

time of the survey. For example, European surveys have 

suggested RP is present in 12–15% of the population, while 

the prevalence in the USA has been reported to be about 5% 

(Maricq et al, 1993). A survey of children aged 12–15 years 

found a prevalence of about 15% (Jones et al, 2003). Most 

surveys in various countries and in different racial groups 

find the prevalence of RP is about 3–5% in all ages of the 

general population (Silman et al, 1990). Recent meta-anal-

ysis suggested a general mean prevalence of 4.85% and an 

annual incidence of 0.25% (Garner et al, 2015).

Regarding the pathogenesis, RP is caused by either an 

inherited or an acquired disturbance of the regulation of 

blood flow to the skin. The most common situation is that 

RP is simply an exaggeration of the physiologic response to 

cold temperatures thought to be an inherited trait. In this 

case it is called ‘primary RP’—a condition without an under-

lying disease process. The exact defect causing primary RP 

has not yet been defined. Evidence that primary RP is inher-

ited is supported by the fact that about 25% of first degree 

family members of a case will also have RP (Freedman and 

Mayes, 1996). However, RP can also represent the clinical 

manifestation of a serious underlying disease, and in this 

case it is called ‘secondary RP’. Furthermore, RP can be the 

first sign of critical ischaemia of a digit or limb.

In primary RP the events are relatively mild, they are 

usually symmetrical and there is no sign of critical isch-

aemia without tissue ulceration or gangrene. The thumb 

is usually spared and if involved it suggests an underlying 

secondary cause for the digital ischaemia (Chikura et  al, 

2008). Asymmetrical or unilateral vasospasm or pallor 

extending to proximal areas of the hand, foot or limb 

suggests larger more proximal vascular disease causing 

local tissue ischaemia.

Specific criteria for the diagnosis of primary RP were 

first proposed by Allen and Brown in 1932 (Allen and 

Brown, 1932). These criteria have been revised to include 

modern laboratory measurements (autoantibodies) and 

nailfold capillaroscopy (LeRoy and Medsger, 1992). Thus 

the current criteria for the diagnosis of primary RP include 

the following:

 • Symmetric episodic attacks.

 • Negative nailfold capillary examination.

 • Negative antinuclear antibody test and normal 

erythrocyte sedimentation rate.

 • No evidence of peripheral vascular disease.

 • No tissue gangrene, digital pitting or tissue injury.

If a patient meets the criteria for primary RP and is 

followed for several years without the development of clin-

ical or laboratory signs, then secondary disease is highly 

unlikely. However, several studies have demonstrated that 

almost 15% of patients initially diagnosed as being affected 

by RP with negative/not specific nailfold capillaroscopy may 

transit to secondary RP during a mean follow-up of 4±4 

years (Cutolo et al, 2007; Bernero et al, 2013). Furthermore, 

a recent study demonstrated that nailfold capillary diameter 

>30 µm is an independent predictor for the development 

of SSc-associated secondary RP (Trombetta et  al, 2016). 

For this reason, primary RP patients showing non-spe-

cific alterations of nailfold capillaries at first capillaroscopy 

should be strictly monitored (at least once a year) since they 

are at higher risk of transition to secondary RP.

Patients with primary RP usually have the onset of RP 

before age 20 and evidence suggests that the events improve 

or disappear with aging (Planchon et  al, 1994). Children 

can have the onset of both primary and secondary RP at 

any age, but the average age of onset of primary RP is about 

12–15 years. Clearly, patients with primary RP may have 

comorbid conditions or other factors (eg, smoking) that can 

aggravate RP and make the events more severe.

Since a variety of conditions can insult the normal 

complex regulation of regional blood flow to the digits and 

skin, the number of disorders associated with RP is extensive 

(figure 6). All patients with RP need to undergo a complete 

evaluation to rule out an underlying secondary cause, with 

specialised tests performed as appropriate on the basis of the 

What is needed to make a diagnosis of

Raynaud’s phenomenon?

Ask the following questions:

1. Are your fingers unusually sensitive to cold?

2. Do your fingers change colour when they are

    exposed to cold?

3. Do they turn white, red or both?

The diagnosis is confirmed if positive

response to all three questions
The diagnosis is excluded if responses

to question 2 or 3 are negative

Figure 5 How to perform the diagnosis of Raynaud’s phenomenon.
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clinical history. For example, the use of certain drugs needs 

to be explored (chemotherapy, sympathomimetic drugs). 

A secondary cause of RP is suggested by an age at onset 

of >30 years; episodes that are intense, painful, asymmetric 

or associated with ischaemic skin lesions; clinical features 

suggestive of a connective tissue disease (eg, arthritis and 

abnormal lung function); specific autoantibodies; evidence 

of microvascular disease on nailfold capillaroscopy.

A survey from 443 subjects with self-reported RP 

confirmed a significant impact on quality of life in all 

subjects analysed (Hughes et al, 2015a).

The severity of RP can be measured by a patient derived 

scale called the Raynaud’s Condition Score. This scale asks 

the patient how RP alters their quality of life by taking into 

account the frequency, duration, and symptoms including 

numbness, pain and disability. The Raynaud’s Condition 

Score has been validated in clinical trials and is greatly 

influenced by the presence of digital ulcers (Merkel et  al, 

2002).

Laboratory based measures of digital blood flow can 

clearly distinguish normal individuals without RP from 

patients with RP, and some studies demonstrate differences 

between primary RP and secondary RP. This is especially 

true for RP secondary to structural vascular disease, as is 

true in SSc. Plethysmography, laser Doppler flowmetry, 

laser speckle contrast analysis (LASCA) and thermography 

are techniques used to measure peripheral blood perfusion 

both in a steady warm environment and following cold 

provocation (Herrick, 2008; Cutolo et  al, 2010a; Herrick, 

2012; Ruaro et al, 2014; Ruaro et al, 2016). These labora-

tory-based techniques that are used to measure digital and 

cutaneous blood flow after a cold challenge may help to 

distinguish patients with RP from cold-sensitive persons. 

However, these tests require a carefully controlled ambient 

temperature to provide meaningful data, are generally not 

used routinely, and their clinical value has yet to be demon-

strated.

Nailfold capillaroscopy and 
differentiation between primary  
and secondary RP
Nailfold videocapillaroscopy (NVC), an extension of the 

original widefield technique, is currently the gold standard 

technique to investigate patients with RP. NVC is usually 

normal in primary RP. Conversely, early structural alter-

ations of the microcirculation are detectable by NVC in 

patients with secondary RP. Today, NVC can be considered 

to be the most valuable, safe and inexpensive technique for 

detecting both early and advanced features of microangio-

pathy in SSc (Ingegnoli et al, 2017). In particular, NVC may 

detect the morphologic changes in the nailfold that have 

been extensively described (eg, giant capillaries, micro-

haemorrhages, loss of capillaries, neovascularisation, and 

finally avascular areas) (Cutolo et al, 2000). NVC compared 

with the older widefield technique may offer high magnifi-

cation (200–600x compared with 12–14x), along with better 

nailfold bed visualisation (Cutolo et al, 2000).

Most importantly, NVC enables the early differentia-

tion between primary and secondary RP, by identifying 

morphological patterns specific to various stages of SSc 

microangiopathy (‘Early’, ‘Active’ and ‘Late’ patterns). Indeed 

the inclusion of the capillaroscopic scleroderma pattern in 

the classification of the American College of Rheumatology/

European League Against Rheumatism (ACR/EULAR) 

criteria for SSc has recently increased their sensitivity and 

specificity (van den Hoogen et al, 2013). Importantly, capil-

laroscopy has also been added to the recommendations to 

monitor juvenile RP (Pain et al, 2016).

Generally, in SSc, capillary abnormalities are already 

well recognised by NVC even when clinical and laboratory 

features of the disease are otherwise limited to RP (LeRoy 

and Medsger, 2001; Herrick and Cutolo, 2010).

With the intention of characterising the stage of 

microvessel damage better, the microvascular alterations 

have been reclassified into three different NVC patterns 

that include an ‘Early pattern’ (few giant capillaries, few 

capillary microhaemorrhages, no evident loss of capillaries, 

and relatively well-preserved capillary distribution), an 

‘Active pattern’ (frequent giant capillaries, frequent capillary 

History of causative and aggravating factors
Drugs:  Chemotherapeutic agents, interferon, oestrogen,

nicotine, narcotics, sympathomimetic agents,

ciclosporin, cocaine, polyvinyl chloride, ergotamines, clonidine

Environmental agents and injury: Frostbite, vibration, trauma

Neuropathy: Carpal tunnel syndromePrimary RP

Signs or symptoms of

systemic disease

Large vessel disease

Vasculitis

Atherosclerosis

Thromboangiitis obliterans

Embolic disease

Thrombosis

Thoracic outlet syndrome

Asymmetrical events

or Single digit onlyAutoimmune disease
Scleroderma, Lupus,

Dermatomytosis, Sjogren’s

syndrome

Metabolic disease

Hypothyroid

Abnormal cold sensitive proteins

cryoglobulins

cold agglutins

cryofibrinogens

Cancer

Symmetrical attacks

No tissue ulcers

Normal exam

Normal nailfold

capillaries

Negative serology

Diagnostic approach to patient with Raynaud’s phenomenon

Figure 6 Clinical disorders associated with Raynaud’s phe nomenon.
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microhaemorrhages, moderate loss of capillaries, absent or 

mild ramified capillaries with mild disorganisation of the 

capillary architecture), and a ‘Late pattern’ (almost absent 

giant capillaries and microhaemorrhages, severe loss of 

capillaries with extensive avascular areas, ramified/bushy 

capillaries, and intense disorganisation of the normal capil-

lary array) (figure 7) (Cutolo et al, 2000).

However, the most characteristic feature of the nailfold 

capillary bed in early secondary RP is the pronounced 

increase in capillary size. In particular, the detection of 

enlarged capillaries (capillary diameter between 20 and 50 

µm) and giant capillaries (homogeneous enlargement of 

both capillary branches >50 µm), together with red blood 

cell extravasation (microhaemorrhages) in the nailfold, 

most likely represents the first and pronounced morpho-

logic sign of the altered microcirculation in SSc (Cutolo 

et al, 2000). Generally, the shape of the widened capillaries 

in SSc is largely heterogeneous, even if giant capillaries 

are a marker of the capillaroscopic ‘scleroderma pattern’. 

This picture characterises the ‘Early’ (initial) SSc capillaro-

scopic pattern of microangiopathy. The ‘Early’ SSc pattern 

is considered to be the most important since it is funda-

mental for the differential diagnosis between primary and 

secondary RP (Cutolo et al, 2004).

As the pathophysiologic process of SSc progresses into 

fibrosis, the capillaroscopic analysis most likely reflects the 

effects of tissue hypoxia: capillary destruction increases (as 

giant capillaries collapse leaving microhaemorrhages locally) 

(‘Active’ pattern of microangiopathy); then increased loss of 

capillaries and avascular areas are observed, together with 

bushy capillaries indicating an attempt at neoangiogenesis. 

This advanced stage of microangiopathy characterises the 

‘Late’ capillaroscopic pattern (Cutolo et al, 2000; Sulli et al, 

2012).

Patients with the ‘Early’ capillaroscopic pattern may 

have had RP for many years. The term ‘Early’ refers to the 

fact that this pattern tends to occur initially and in patients 

with shorter disease duration than in those with longer 

disease duration who most likely show the ‘Active’ or ‘Late’ 

(advanced) pattern. However, it must be recognised that 

there are overlaps between patterns, and that further studies 

need to examine changes in patterns over time and under 

treatment.

To quantify the microvascular changes as detected by 

NVC, a practical system to score these capillaroscopic 

alterations in patients with SSc was recently proposed and 

validated (figure 8) (Sulli et  al, 2008; Smith et  al, 2010). 

The development of a reliable scoring system represents 

a fundamental prerequisite to longitudinal studies, exam-

ining nailfold capillary changes over time or in response to 

therapy. Of course, the scoring of the SSc pattern is partic-

ularly useful for ‘intrapatient’ evaluation over time, rather 

than for proposal of ‘interpatients’ reference values.

Of interest, among the capillaroscopic parameters, 

capillary number was identified as the most single suitable 

parameter to follow nailfold microangiopathy, as capillary 

number value negatively correlates with the extent of organ 

involvement in SSc (Cutolo et al, 2016).

An interesting study confirmed the link between capil-

laroscopic (morphological) markers and disease progression 

in SSc. Koenig et  al reported that microvascular damage 

appears dynamic and sequential in RP patients that evolves 

to definite SSc, while SSc-specific autoantibodies are asso-

ciated with the course and type of capillary abnormalities 

(Koenig et  al, 2008). The study, that involved almost 600 

patients followed-up for 3197 person-years, showed that 

abnormal findings on capillaroscopy at baseline, together 

with SSc specific autoantibody, were predictors of definite 

SSc development, whereas their absence ruled out this 

outcome. However, a transition to secondary RP, taking 

into consideration just the capillaroscopic markers of SSc, 

was observed in 14.6% of patients with primary RP over a 

mean period of 29.4 months (Cutolo et al, 2007).

Finally, capillaroscopic alterations may be predictive of 

novel future severe organ involvement in SSc, as an asso-

ciation between baseline NVC patterns and future severe, 

peripheral vascular and lung involvement with stronger 

odds according to worsening scleroderma patterns has 

been demonstrated (Smith et  al, 2012; Smith et  al, 2013; 

Qualitive assessment of capillaroscopic patterns

Evaluate average of the eight fingers, from 2nd to 5th

few (<33%) enlarged/giant capillaries,
few (<33%) capillary haemorrhages,
relatively well-preserved capillary distribution,
no evident loss of capillaries.

‘Early’ NVC pattern:

‘Active’ NVC pattern:

‘Late’ NVC pattern:

frequent (>33%) giant capillaries,
frequent (>33%) capillary haemorrhages,
moderate (<67%) loss of capillaries,
moderate (<67%) disorganisation of the capillary architecture,
absent or few (<33%) ramified capillaries.

irregular enlargement of the capillaries,
few (<33%) or absent giant capillaries and haemorrhages,
severe (>66%) loss of capillaries with avascular areas,
disorganisation of the normal capillary array,
ramified/bushy capillaries.

Figure 7 Qualitative assessment of nailfold capillaroscopy patterns 

of microangiopathy. NVC, nailfold videocapillaroscopy. (Adapted 

from Cutolo et al, 2004; Cutolo, 2010; Cutolo et al, 2010b).
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Smith et  al, 2016). This may indicate a putative role of 

 capillaroscopy as a predictive biomarker (Ingegnoli et  al, 

2010; Smith et al, 2013). Finally, the ‘Late’ NVC pattern was 

found to be associated with calcinosis and particularly with 

severe capillary loss (Morardet et al, 2016).

Physiopathology of RP in SSc
Almost every patient with SSc experiences frequent isch-

aemic events typical of RP (Wigley, 2009). It is often the first 

manifestation of the disease and may precede other organ 

disease by years. It is associated with severe events which 

are worse in the fingers than the toes with recurrent digital 

ulcers in 25–50% of cases. A survey of patients reported 

that younger patients with a high Rodnan skin score were at 

higher risk for developing ulcers, and they usually occurred 

within 5 years of non-Raynaud’s symptoms (Hachulla et al, 

2007). Digital amputation secondary to occlusion of digital 

arteries occurs in a subset of patients (11%), usually with 

limited skin disease and the presence of anti-centromere 

antibodies (Wigley et al, 1992).

Evidence suggests that RP in SSc results from a vascu-

lopathy involving all layers of the peripheral blood vessels. 

In part it is caused by immune injury and then dysfunction 

of the endothelium. The endothelium is a metabolically 

active tissue that, under normal circumstances, regulates 

regional blood flow, transportation of nutrients, coagula-

tion and fibrinolysis, and migration of blood cells while 

maintaining an antithrombotic lining in the vasculature. 

These important biologic functions are achieved through 

production of a complex array of molecules including 

vasodilators (eg, nitric oxide and prostacyclin), vasocon-

strictors (eg, ET-1 and platelet activating factor), and cell 

adhesion molecules (eg, selectins and integrins). There-

fore, an abnormal function of the endothelium results in 

an imbalance of vasoactive factors including overproduc-

tion of the vasoconstrictor ET-1 and underproduction 

of the vasodilator nitric oxide (NO) and prostacyclin. In 

addition, platelet activation is demonstrated in SSc that 

leads to the release of thromboxane, a potent vasocon-

strictor. The cutaneous disease of SSc is also associated 

with a decreased release from sensory nerves of vasodi-

latory neuropeptides, further triggering vasospasm with 

little provocation. Finally, there is evidence of upregu-

lation of the vascular smooth muscle α2c adrenoceptor 

(α2c-AR) that can enhance vasoconstrictive responses to 

stress or cold stimuli (Wigley, 2009). Severe vasospasm 

of digital arteries and cutaneous thermoregulatory vessels 

is seen in SSc with repeated bouts of vasoconstriction 

potentially causing occlusion of the microcirculation and 

ischaemia-reperfusion injury of tissues (Flavahan, 2015).

Treatment of RP
There are three major biological processes that must be 

addressed when treating vascular disease: vasospasm or RP, 

the vasculopathy with luminal occlusion, and thrombosis. 

It is possible that treatment of RP protects blood vessels 

and reduces not only tissue injury, but also further vascular 

disease in SSc. In theory, by reducing RP events there is 

a reduction in ischaemia reperfusion injury to tissue and 

blood vessels and some reversal of tissue hypoxia, a known 

stimulus to the release of growth factors and tissue fibrosis.

Most patients with primary RP do not need pharmaco-

logical treatment, and therapy may be started if the quality 

of life is poor. Conversely, EULAR recommendations for 

the treatment of SSc vascular disease have been recently 

updated (Kowal-Bielecka et al, 2017). Practically, pharma-

cological therapy is focused on the alleviation of symptoms 

and improving quality of life. Conventional treatment 

strategies are limited to the use of non-specific vasodilator 

agents, but agents targeting specific biological processes 

may have a broader effect on the diseased vessels (Wigley, 

2009; Herrick, 2012; Capelli et  al, 2015; Cutolo and Sulli, 

2015). A possible algorithm to treat patients with RP is 

presented in figure 9. International consensus on points to 

Irregularly enlarged capillaries

Giant capillaries

Microhaemorrhages

Score

0–3

0–3

0–3

0–3

0–3

0–3

0–9

Reduced capillary number

Capillary ramifications

Capillary architectural disorganisation

Sum of scores of progression parameters

0 = no changes, 1 = less than 33% alterations/reduction, 2 = 33–66%

alterations/reduction, 3 = more than 66% alterations/reduction.

Reduction = < 9 capillaries per linear millimetre.

Diagnostic parameters

Progression parameters

Microangiopathy evolution score

Semiquantitative assessment
A simple rating scale to score each capillary abnormality may

be adopted (score 0-3).

Figure 8 Quantitative assessment of nailfold capillaroscopy pat-

terns of microangiopathy. (Adapted from Sulli et al, 2008; Cutolo, 

2010).
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consider in clinical trials concerning RP has recently been 

achieved (Cutolo et al, 2017).

Non-pharmacological therapy for RP
Patient education about RP and the various triggers that 

provoke an attack reduces the severity and consequences 

of the events. The avoidance of cold temperatures is the 

best method to prevent an episode of RP. Keeping the 

whole body warm by wearing loose-fitting clothing, stock-

ings, headwear and gloves in cold weather is a key strategy. 

Therapies designed to reduce anxiety and emotional stress 

is helpful. Avoiding aggravating factors is also important: 

these include agents that cause vasoconstriction (eg, 

sympathomimetic drugs, clonidine, ergotamine and sero-

tonin-receptor agonists). Smoking can reduce digital 

blood flow and should be avoided. Temperature-related 

biofeedback is used in combination with various relaxation 

techniques to treat patients with RP, but the benefit remains 

unclear (Wigley et  al, 2000). Biofeedback does not play a 

role in the treatment of RP associated with SSc.

Drug therapy for RP
RP and associated digital ischaemia can be among the most 

vexing clinical problems for patients with SSc. Under-

standing the treatment approach to RP and associated 

ischaemia and how to prevent digital ulcers is important 

for clinicians caring for these patients (Cappelli and Wigley, 

2015; Cutolo and Sulli, 2015; Hughes et al, 2015a; Herrick, 

2016).

Vasoactive drug options are presented in figure 10. 

Vascular smooth muscle is dependent on transmembrane 

influx of calcium for contractile responses. The most 

commonly prescribed class of drugs for SSc-related RP and 

digital ischaemia is the dihydropyridine class of calcium 

channel blockers (eg, nifedipine, felodipine, amlodipine, 

isradipine). On average, a moderate reduction in the 

frequency of attacks and a 35% improvement of severity can 

be expected (Thompson et al, 2001). It is suggested that a 

slow release preparation of a calcium channel blocker alone 

may be used as first line therapy, titrating gradually to the 

dose that is tolerated and effective. However, a Cochrane 

review on these drugs demonstrated that randomised 

controlled trials included in the analysis provide moder-

ate-quality evidence that oral calcium channel blockers 

are minimally effective in the treatment of primary RP as 

measured by the frequency of attacks (Ennis et al, 2014).

Norepinephrine is the major sympathetic neurotrans-

mitter and mediates vasoconstriction through stimulation of  

α-adrenoreceptors (α-AR). A Cochrane review on the 

α1-atagonist prazosin demonstrates modest benefit for 

patients with RP (Pope et al, 2000b). However, most have 

abandoned the use of prazosin in favour of the better 

tolerated calcium channel blockers. Recent studies have 

focused on the role of digital α2-AR activity in the patho-

physiology of RP. A selective α2c-AR inhibitor would be 

attractive for the treatment of RP because this receptor may 

be upregulated in RP and SSc, but clinical studies are not so 

enthusiastic.

It is postulated that RP is due to a deficiency of NO 

production, and therefore enhancing NO synthesis could be 

a helpful therapeutic option. Nitrates are used as ointments, 

sublingual tablets, topical tapes and transdermal patches 

for the treatment of primary and secondary RP. Most objec-

tive data are related to nitroglycerin (glyceryl trinitrate) 

used in laboratory-based studies demonstrating changes in 

blood flow, using venous occlusion plethysmography, laser 

Doppler imaging or changes in finger temperature by ther-

mography. A multicentre, randomised, placebo controlled 

study of a topical nitroglycerin preparation in 219 adult 

subjects with primary or secondary RP showed modest 

improvement in the Raynaud’s Condition Score favouring 

treatment compared with placebo (Chung et  al, 2009). 

On the other hand, a recent multicentre, double-blind, 

randomised, placebo controlled, crossover study demon-

strated that treatment with MQX-503 (a novel nitroglycerin 

preparation designed to be absorbed quickly and allow local 

vasodilatation in the skin) caused a significant improve-

ment in skin blood flow compared with placebo in patients 

with RP (Hummers et al, 2013). Topical nitroglycerin can 

Treat all scleroderma

patients if no contraindication

and RP severe

Start long acting

calcium channel blocker

Titrate to maximum tolerated dose

add aspirin and if

no benefit add a second

vasodilator agent:

PDE-5 inhibitor

or topical nitroglycerin

Prostacyclins

Use protective agents if digital ulcers:

endothelin inhibitor or statin

Start long acting

calcium channel blocker

Titrate to tolerate-effective

dose; if intolerant consider

SSSRI or low dose ARB*

* alpha-adrenoreceptor blockers

Non- drug therapy

in most

Move to drug

therapy if quality

of life poor

Primary RP
Education patient

Stop aggravating factors

Cold

Stress

Stop smoking

Reduce finger trauma

Managing Raynaud's phenomenon

Secondary RP

Figure 9 Treatment of Raynaud’s phenomenon (RP). PDE-5, phos-

phodiesterase 5; SSRI, selective serotonin reuptake inhibitor.
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be used in conjunction with a calcium channel blocker in 

patients with severe RP.

Phosphodiesterases are a family of enzymes that inactivate 

cyclic adenosine monophosphate (cAMP) (second messenger 

for prostacyclin) and cyclic guanosine monophosphate 

(cGMP) (second messenger for NO). Inhibition of phospho-

diesterase 5 (PDE-5) may therefore prolong and enhance the 

effects of prostacyclin and NO. Patients receiving sildenafil in 

a controlled trial had significant improvement from baseline 

in Raynaud’s attack frequency and severity and capillary flow 

velocity (Fries et al, 2005). A randomised, placebo controlled 

study in patients with SSc, to assess the effect of sildenafil 

20 mg or placebo, three times daily for 12 weeks, on isch-

aemic digital ulcer healing, showed a significant decrease in 

the number of digital ulcers in favour of sildenafil compared 

with placebo at 8 and 12 weeks, confirming a sildenafil benefit 

(Hachulla et al, 2015). Other PDE-5 inhibitors used for the 

treatment of RP have demonstrated less impressive results, 

including tadalafil, cilostazol and pentoxifylline. A recent 

double-blind, randomised, placebo-controlled trial demon-

strated that vardenafil appears safe and effective in improving 

clinical symptoms and digital blood flow in patients with 

RP, and its clinical efficacy was found to be prolonged after 

drug discontinuation (Caglayan et al, 2012). Globally, PDE-5 

inhibitors appear to have significant but moderate efficacy in 

secondary RP, and further large randomised controlled trials 

are needed (Roustit et al, 2013). A double-blind, randomised, 

crossover study on head-to-head comparison of udenafil 

versus amlodipine in the treatment of secondary RP demon-

strated that amlodipine and udenafil both significantly 

decreased the rate of RP attacks. The drugs did not differ 

in terms of RP frequency or any of the secondary outcomes 

except for digital blood flow, as udenafil improved it signifi-

cantly better than amlodipine. Udenafil was well tolerated 

without serious adverse effects (Lee et al, 2014).

Serotonin is a selective vasoconstrictor. A study of fluox-

etine, a selective serotonin reuptake inhibitor, in patients 

with primary or secondary RP phenomenon showed that 

only treatment with fluoxetine in comparison to nifedipine 

significantly reduced the severity of RP attacks (Coleiro 

et al, 2001).

Prostaglandins are potent vasodilators that have proven 

to be efficacious in RP. The prostacyclin epoprostenol is 

a potent vasodilator that acts on the endothelial cells to 

activate membrane-bound adenylate cyclase to increase 

cAMP. They can also potentially provide ‘protection’ to the 

endothelium because favourable properties of prostacyclin 

include antiproliferative effects on smooth muscle cells 

and inhibition of platelet aggregation. Parenteral admin-

istration of the prostacyclin analogue, iloprost, improves 

severe Raynaud’s attacks and digital ischaemic ulcerations; 

short infusions of iloprost seem to be as effective as daily 

nifedipine in reducing the number and severity of attacks 

(Wigley et al, 1994). Iloprost is being used chronically by 

intermittent intravenous infusion for the treatment of RP 

and SSc with some success (Pope et al, 2000a; Cutolo et al, 

2014). Oral prostacyclin analogues (eg, treprostinil) are 

being studied for the treatment of RP and digital ulcers in 

SSc. An open-labelled pilot study showed the efficacy of 

subcutaneous delivery of treprostinil on digital ulcers in 

SSc (Chung and Fiorentino, 2006).

The actions of ET-1 are mediated by two receptors: ETA and 

ETB. G protein-coupled ETA and ETB receptors on smooth 

muscle cells mediate vasoconstriction and cell proliferation. In 

contrast, ETB receptors on endothelial cells promote vasodi-

lation through release of NO and prostacyclin. Non-selective 

ETA/B receptor antagonists (eg, bosentan) have been studied 

for the prevention and healing of digital ulcers in SSc. While 

bosentan did not alter the severity of RP, the development of 

new digital lesions was significantly decreased in patients with 

SSc compared with placebo (Matucci-Cerinic et  al, 2011). 

Furthermore, long-term treatment with bosentan was shown 

to improve nailfold microangiopathy (increasing capillary 

number) and raise peripheral blood perfusion (Cutolo et al, 

2013b; Cutolo et al, 2014). Bosentan is now approved in many 

• Dihydropyridine calcium channel blocker:

     – Nifedipine; felodipine, amlodipine, isradipine

• Nitric oxide:

     – Topical nitroglycerin

• Alpha-adrenergic blockers:

     – Prazosin

• Phosphodiesterase inhibitors:

     – Cilostazol, pentoxifylline

     – Sildenafil, tadalafil

• Selective serotonin reuptake inhibitors:

     – Fluoxetine

• Angiotensin receptor inhibitor:

     – Lorsartan

• Prostaglandins:

     – Prostacyclin (PGI2)

• Other

     – Statins:

     – Endotelin-1 inhibitor

     – Rho-kinase inhibitor

     – Botulium toxin A

     – Aspirin

     – (Antioxidants)

Drug options to treat Raynaud's phenomenon

Figure 10 Agents used for the treatment of Raynaud’s phenome-

non associated with systemic sclerosis.
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countries for the prevention of digital ischaemic ulcers in SSc. 

Recently, bosentan was found to be effective and a valid alter-

native for the treatment of severe secondary RP for patients 

where prostanoid therapy is contraindicated or refused (Parisi 

et al, 2014).

Although there is evidence that platelets are activated 

in SSc and can release thromboxane, a potent vasocon-

strictor, the use of antiplatelet therapy is not conclusive 

(Agache et al, 2007). A randomised, controlled trial showed 

that neither aspirin nor dipyridamole improved the symp-

toms of RP (Beckett et  al, 1984). Despite this experience, 

most experts recommend use of chronic low dose aspirin 

(75–150 mg daily) as an antiplatelet agent, to reduce throm-

bosis and progressive lumen occlusion.

An unblinded study showed that long term, low dose, 

subcutaneous, low molecular weight heparin improved 

severity of RP symptoms, without affecting the objective 

measures of digital perfusion (Denton and Black, 2000; 

Denton et al, 2000). However, there are no good clinical trials 

to demonstrate that chronic anticoagulation is helpful and it is 

not recommended for SSc related RP, unless there is evidence 

of an associated hypercoagulable state or other risk factors.

Several agents, either indirectly by reducing vascular 

injury or directly by altering the biology of the vascular 

response to injury, have the potential of preventing or 

reversing vasospastic disease in SSc. These include statins, 

angiotensin II receptor antagonists, prostaglandins, tyrosine 

kinase inhibitors, Rho kinase inhibitors, and antioxidants. A 

Summary points

•	 Raynaud’s phenomenon (RP) is the clinical expression of a disturbance of regulation of the cuta-

neous thermoregulatory vessels.

•	 Definite RP is defined by a clinical history of cold sensitivity with both pallor and cyanosis of the 

skin of the digits.

•	 Primary RP is a condition without an underlying pathological disease process.

•	 RP can represent the clinical manifestation of a serious underlying disease or secondary disease 

process. In this case it is called secondary RP.

•	 A secondary cause of RP is mainly suggested by an age at onset >30 years; episodes that are intense, 

painful, asymmetric/symmetric; presence of ischaemic skin lesions; clinical features suggestive of 

a connective tissue disease; autoantibody positivity; abnormal nailfold videocapillaroscopy.

•	 Almost every patient with SSc experiences frequent ischaemic events typical of RP, which is often 

the first manifestation of the disease and may precede other organ disease by years.

•	 Early structural alterations of the microcirculation are markers of secondary RP and are easily 

detectable by nailfold videocapillaroscopy.

•	 Nailfold capillaroscopy/videocapillaroscopy can be considered to be the most valuable, safe and 

inexpensive technique for detecting both the early (initial) and advanced stages of microangio-

pathy in systemic sclerosis.

•	 The avoidance of cold temperatures is the best method to prevent an episode of RP, and preserve 

microcirculatory ambience.

•	 Plethysmography, laser Doppler flowmetry, laser speckle contrast analysis (LASCA) and thermo-

graphy are techniques used to measure peripheral blood perfusion both in a steady warm envi-

ronment and following cold provocation. Peripheral blood perfusion correlates with the severity 

of the capillaroscopic microvascular evaluations in secondary RP.

•	 The most commonly prescribed class of drugs for SSc-related RP and digital ischaemia are calcium 

channel blockers, topical nitroglycerin (glyceryl trinitrate), prostacyclin, phosphodiesterase inhib-

itors, statins and antioxidants.
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clinical trial using atorvastatin versus placebo found that the 

overall number of digital ulcers was significantly reduced and 

the measure of clinical status and capillary blood flow was 

improved in SSc patients treated with the statin compared 

with placebo (Abou-Raya et al, 2008). Patients with secondary 

RP treated with losartan, an angiotensin receptor blocker, 

for 15 weeks had 45% and 36% reductions in frequency and 

severity of Raynaud’s attacks from baseline (Dziadzio et al, 

1999). Systematic analysis of the use of angiotensin-con-

verting enzyme (ACE) inhibitors in the treatment of RP 

(including patients with primary disease) showed conflicting 

results with captopril but not enalapril, which conferred a 

beneficial effect. A long-term treatment trial with quinapril, 

a long-acting ACE inhibitor, did not demonstrate any benefit 

related to digital ulcers or RP (Gliddon et al, 2007).

Alterations in adrenoreceptors and neurotransmitters 

including dopamine, histamine, serotonin, neuropeptide Y, 

vasoactive intestinal peptide, acetylcholine, norepinephrine 

and calcitonin gene-related peptide have all been impli-

cated in mediating RP. However, a phase IIa, randomised, 

double-blind, crossover, single-dose, placebo-controlled, 

single-centre study of the α2C-adrenoceptor antagonist 

ORM-12741 for the prevention of cold-induced vaso-

spasm in patients with SSc did not expedite recovery from 

a cold challenge in the fingers of treated patients (Herrick 

et al, 2014). An infusion of calcitonin gene-related peptide 

improved digital blood flow in patients with RP (Bunker 

et al, 1996). Local infiltration of lidocaine or bupivacaine at 

the base of the involved finger to produce a rapid chemical 

sympathectomy can improve blood flow and rapidly reduce 

ischaemic pain. Botulinum toxin injections are reported to 

be helpful to promote healing of SSc-related digital ulcers; 

however, the role of botulinum toxin injection in treating RP 

should be further studied with more homogeneous patient 

populations (Neumeister, 2010; Merritt, 2015; Bello et  al, 

2017). There is a theoretical negative effect of botulinum 

toxin injection in that sensory nerves release vasodilatory 

peptides whose inhibition may be detrimental.

Surgical sympathectomy can be done in complex cases of 

digital ischaemia when medical therapy is failing. Digital sympa-

thectomy can be effective for acute digital crisis with reduction 

of the severity of RP in the treated digits (Flatt, 1980; Hughes 

et  al, 2015b; Merritt, 2015). However, invasive therapies may 

have a role that is limited to selective cases (Landry, 2013).

Despite reasonably strong evidence supporting a major 

role for oxidative stress in the pathogenesis of SSc and its 

vascular disease, few studies have addressed the efficacy 

of antioxidants in SSc. An unblinded study showed that 

probucol, a lipid-lowering agent with potent antioxidant 

activity, modestly reduced the frequency and severity of RP 

compared with nifedipine (Denton et al, 1999).

Several studies have suggested that N-acetylcysteine, 

which has antioxidant properties, improves RP secondary 

to SSc (Sambo et  al, 2001; Rosato et  al, 2009). However, 

Herrick found no benefit from a combination of micro-

nutrient antioxidants and allopurinol (Herrick et al, 2000). 

Despite consistent evidence, many experts will advocate the 

use of popular antioxidants.
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Introduction
One of the clinical hallmarks of systemic sclerosis (SSc) 

is Raynaud’s phenomenon, which reflects the progressive 

microvasculopathy of the disease. This microvasculopathy 

is characterised by changes in the morphology and function 

(flow) of the microcirculation.

The key point for the rheumatologist is to be able to 

distinguish Raynaud’s phenomenon due to SSc and 

diseases of the scleroderma spectrum, such as ‘early’ SSc 

(see below), mixed connective tissue disease, dermato-

myositis and polymyositis (secondary Raynaud’s), from 

Raynaud’s phenomenon not related to a clinical condi-

tion (primary Raynaud’s phenomenon). This in-depth 

discussion (a) will review the non-invasive tools used to 

investigate the microcirculation in SSc and discuss their 

ability to distinguish between primary and secondary 

Raynaud’s phenomenon, and (b) will describe the possible 

role of diagnostic tools to measure disease progression 

and/or response to treatment. To qualify as a suitable tool, 

two conditions must be met: (a) the tool needs to be reli-

able and (b) it must be able to demonstrate changes in the 

morphology and/or function of the microcirculation over 

time in prospective studies.

Discussion of biochemical markers of vascular injury 

does not fall within the scope of this in-depth discussion.

Tools to study microcirculation 
morphology: the capillaroscope

What is a capillaroscope?
The word ‘capillaroscopy’ is derived from ancient Greek 

and means looking at (the morphology of) capillaries. The 

morphology of the microcirculation (capillaries) in patients 

with Raynaud’s is studied at the nailfold of the digits of 

the hand (figure 1). This is because the distal row of capil-

laries in this area runs parallel to the skin surface, whereas 

in other areas, the capillaries run perpendicular to the skin 

surface (Cutolo et al, 2000). Consequently, the capillaries are 
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visible over their whole length in the nailfold and have the 

morphology of a hairpin-shaped loop in normal conditions.

The capillaries lie in the papillary dermis. To clearly 

visualise the capillaries, a drop of oil (eg, cedar oil) is placed 

on the epidermis (figure 1). Different lenses and tools can 

then be used. Lenses with low magnification (eg, ×14, × 20) 

allow global evaluation of the entire nailfold, while lenses 

with higher magnification (eg, ×200) partially visualise the 

nailfold (and consequently several images have to be taken 

to inspect the entire nailfold), but allow more detailed eval-

uation of the capillaries (figure 2). Several instruments 

can be used: the (widefield) microscope, the videocapil-

laroscope, the dermatoscope and the ophthalmoscope. All 

have proven inter-rater reliability in discerning primary 

Raynaud’s from secondary Raynaud’s due to SSc (Moore et 

al, 2010; Smith et al, 2010; Sekiyama et al, 2013).

Qualitative assessment of the microcirculation 

with capillaroscopy

Qualitative assessment of a capillaroscopic image relies on 

pattern recognition based on assessment of the morphology 

(structural integrity) of the capillaries, the density and 

dimensions of the capillaries (figure 2), and the presence or 

absence of haemorrhage.

A normal capillary has the morphology of a hairpin, 

with an afferent, transitional and efferent limb. In a normal 

capillaroscopic image, the capillaries have a hairpin 

shape (including subtle morphological variations such as 

Figure 1 Examination of a patient’s nailfold. (A) Oil is applied to the epidermis to improve visualisation. (B) The flexible probe of a video-

capillaroscope is placed on the nailfold. Eight fingers are being studied (fingers 2–4 from both hands) and two to four images per finger 

are being taken at a magnification of ×200. (C) The microscope may be connected to a computer which can store and analyse the images.

Figure 2 Normal capillaroscopic image: qualitative assessment of 

the fourth finger of the left hand at ×200 magnification. Open, 

hairpin-shaped capillaries are seen (1a: afferent limb; 1b: transi-

tional or apical limb; 1c: efferent limb) with subtle morphological 

variations: tortuositas (the afferent and efferent limbs curl but do 

not cross (circle)) and crossing (horizontal arrow). The capillaries 

are regularly arranged, in a parallel fashion (like the teeth of a 

hair comb) and there are 10 capillaries in 1 mm (vertical arrows) 

(normal range: 9–14 per millimetre). The capillary pattern here is 

within normal limits.

Figure 3 Active scleroderma pattern: qualitative assessment of the 

fourth finger of the left hand at ×200 magnification. Open, hair-

pin-shaped capillaries are seen, with ectasias (diameter of single 

limb >20 µm, indicated by horizontal lines) and giant capillaries 

(homogeneous enlargement of all three limbs of the capillary with 

a diameter of ≥50 µm, indicated by broad arrows). The capillar-

ies are regularly arranged, but not evenly distributed as some are 

obliterated. There are five capillaries in 1 mm (a cut-off thresh-

old of six capillaries per millimetre is specified for diseases of the 

scleroderma spectrum). The loss of capillaries (decreased capillary 

density), giant capillaries and haemorrhages (wavy double-headed 

arrow) indicate the ‘active’ scleroderma pattern.
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tortuositas and crossing of the limbs of the capillaries), are 

homogeneous in size and are arranged regularly in a parallel 

fashion (figure 2) (Andrade et al, 1990; Smith et al, 2010). 

The European League against Rheumatism (EULAR) 

Study Group on Microcirculation in Rheumatic Diseases 

proposed and has confirmed the reliability of this simple 

definition (Smith et al, 2016). 

Non-specific anomalies rarely occur in a normal popula-

tion (Andrade et al, 1990). The literature describes different 

types of abnormal morphology, including ‘meandering’, where 

the limbs of capillaries cross several times over themselves 

and each other, and ‘ramification’, which is the branching of a 

capillary (Andrade et al, 1990). The EULAR study group has 

defined as ‘abnormal’ any shape which is not one of the three 

normal shapes mentioned above. However, in normal images 

there can also be changes in diameter, known as ‘ectasias’, 

where limb diameter is increased to 20–50 µm. In a recent 

large prospective study, a mean limb diameter of <30 µm in 

patients with Raynaud’s was found to have a high negative 

predictive value, indicating that such patients will not develop 

secondary Raynaud due to SSc (Trombetta et al, 2016).  

In contrast, in SSc and diseases of the scleroderma spectrum, 

specific anomalies or a combination of specific anomalies are 

seen. These pathognomonic changes include giant capillaries 

(homogeneous enlargement of all three limbs of the capillary 

with a diameter ≥50 µm), haemorrhage, loss of capillaries 

and neoangiogenesis, and are referred to as the scleroderma 

or SSc pattern (figure 3) (Cutolo et al, 2000). Depending on 

the prevalence of hallmark parameters, the SSc pattern is 

classified as ‘early’, ‘active’ or ‘late’ according to Cutolo. The 

presence of giant capillaries alone, without severe loss of 

capillaries, is called the ‘early’ scleroderma pattern; the pres-

ence of loss of capillaries (reduced capillary density), giant 

capillaries and haemorrhage is called the ‘active’ scleroderma 

pattern; and the presence of severe capillary loss in combina-

tion with abnormal capillaries (neoangiogenesis) and almost 

total absence of giant capillaries and haemorrhages, is called 

the ‘late’ scleroderma pattern. 

The increase in capillary loss determines the pattern 

(Cutolo and Smith, 2012; Cutolo et al, 2013). These 

patterns have been recently indirectly validated by Koenig 

et al (2008) who in a long-term follow-up study of patients 

with Raynaud’s who later developed SSc, showed that giant 

capillaries are seen first, followed by the progressive loss 

of capillaries. Moreover, the presence of an SSc pattern in 

a patient with only Raynaud’s is predictive of the future 

development of SSc, especially in combination with an 

SSc-specific antibody (see below).

Quantitative assessment of the microcirculation 

with capillaroscopy

The capillary abnormalities in SSc patients can be counted 

(‘quantitated’) (Sulli et al, 2008) using different method-

ologies. Scoring according to Cutolo has both inter-rater 

and intra-rater reliability for the following parameters: 

giant capillaries, haemorrhages and loss of capillaries 

(decreased capillary density). A simple scoring system 

has also been used recently in a large pan-European study 

evaluating the role of capillaroscopy in predicting digital 

ulcers in SSc (Smith et al, 2010; Cutolo et al, 2016). In this 

study, the number of capillaries, giant capillaries, haem-

orrhages and abnormal shapes (neoangiogenesis) were 

counted per millimetre (Cutolo et al, 2016). The videocap-

illaroscopic technique has also shown inter-visit reliability 

(Dinsdale et al, 2017). Automated systems to count capil-

lary density at the level of the nailfold bed are now being 

investigated.

Capillaroscopy to distinguish primary 
from secondary Raynaud’s due to SSc
In 1992 LeRoy and Medsger proposed criteria to distin-

guish primary from secondary Raynaud’s due to SSc and 

diseases of the scleroderma spectrum. These criteria are 

easily applied in daily practice (LeRoy and Medsger, 1992). 

For a diagnosis of primary Raynaud’s, the patient must have 

a normal capillaroscopy. 

The same authors proposed criteria for secondary 

Raynaud’s due to ‘early’ SSc: a patient should have Raynaud’s 

together with SSc-specific antibodies (anti-CENP-B, 

anti-Th/To, anti-topo I and anti-RNAP III) and/or a 

scleroderma pattern on capillaroscopy. These criteria have 

been recently validated by a 20-year prospective study in 

patients with Raynaud’s phenomenon as the sole presenting 

symptom (Koenig et al, 2008). Some 70% of patients with 

Raynaud’s fulfilling both criteria for ‘early’ SSc devel-

oped clinically overt SSc within 5 years, and almost 80% 

developed clinically overt SSc after long-term follow-up. 

In contrast, only 1.8% of patients with no SSc-specific 

antibodies and no scleroderma pattern on capillaroscopy 

developed clinically overt SSc after long-term follow-up.

Criteria for the very early diagnosis of SSc (VEDOSS) were 

proposed in 2011 based on a Delphi consensus study (Avouac 

et al, 2011). These criteria also incorporate capillaroscopy as 

an important criterion in addition to anti-nuclear antibody 

positivity, puffy fingers and SSc-specific antibodies. The 

validation process for these criteria is ongoing and includes 
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the recent confirmation that the ‘early’ scleroderma pattern 

(with predominance of giant capillaries and no overt loss 

of capillaries) is the most frequent in the VEDOSS cohort. 

This agrees with the Koenig prospective study in which overt 

capillary loss did not occur before clinically overt disease had 

developed. In addition, the ‘late’ scleroderma pattern is not 

seen in the VEDOSS patients, presumably because in clini-

cally overt disease the ‘late’ scleroderma pattern is associated 

with organ involvement (Cutolo et al, 2017).

Capillaroscopy has also been included in the new Amer-

ican College of Rheumatology (ACR)/EULAR classification 

criteria for SSc and in recommendations for the assessment 

and monitoring of Raynaud’s phenomenon in children (van 

den Hoogen et al, 2013; Pain et al, 2016).

Capillaroscopy to measure progressive 
vascular disease and/or response to 
treatment in SSc
The reliability of measured parameters has been demon-

strated, allowing capillaroscopy to be used to assess 

progressive vascular disease and/or response to treatment 

(see above). 

Several prospective pilot studies have described an asso-

ciation between capillaroscopic parameters and peripheral 

vascular disease in SSc (Sebastiani et al, 2009, 2012; Smith 

et al, 2011, 2012, 2013, 2014; Manfredi et al, 2015; Cutolo et 

al, 2016). As SSc causes obliteration of the microcirculation, 

capillary loss detected by nailfold videocapillaroscopy was a 

common sign in indices used to predict peripheral vascular 

disease in the above studies.

There are as yet no prospective randomised, double-blind, 

placebo-controlled trials evaluating the ability of capillaros-

copy to monitor response to therapy. However, small studies 

have shown that capillaroscopy may be used in the follow-up 

of studies with immunosupressive or vasomodulating treat-

ment (Miniati et al, 2009; Cutolo et al, 2013).

Tools to study the microcirculation: 
thermography and laser assessment

Thermography
Thermography uses a thermal camera to image the tempera-

ture of the skin (figure 4). The measurements are obtained 

from thermocouples attached to the skin or, without skin 

contact, by infrared thermography (Imbert and Carpen-

tier, 2010). Measurement of skin temperature is an indirect 

method to assess flow; both muscle and skin perfusion are 

believed to contribute to skin temperature. The method 

is non-invasive but requires expensive equipment, which 

should be housed in a temperature and humidity-controlled 

laboratory, so its use has been restricted to specialist centres 

(Herrick and Clark, 1998). Parameters can be evaluated at 

rest, such as the distal–dorsal difference (the temperature 

difference between the dorsum of the hand and a region 

between the nailfold and the interphalangeal joint of the 

same digit) in the resting hand (Chikura et al, 2010; Pauling 

et al, 2011). Parameters can also be evaluated after dynamic 

testing (see below).

Infrared thermography for distinguishing 

primary from secondary Raynaud’s 

phenomenon due to SSc 

Many thermographic protocols for the assessment of 

Raynaud’s phenomenon incorporate a cold stress test 

(dynamic testing) in an attempt to recreate the environ-

mental conditions precipitating an attack of Raynaud’s 

phenomenon in vivo (Pauling et al, 2011). Several ther-

mographic parameters, including variables obtained from 

the rewarming curve following cold challenge, have been 

Figure 4 Thermography. Thermographic image under baseline 

conditions (room temperature) of the dorsum of the hand of (A) 

a healthy control and (B) a patient with systemic sclerosis showing 

reduced temperatures of the fingers in comparison with the dor-

sum of the hand (images courtesy of Andrea Murray).
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successfully applied to differentiate between healthy controls 

and patients with Raynaud’s phenomenon. Nevertheless, 

the discriminatory capacity of infrared thermography to 

distinguish primary from secondary Raynaud’s due to SSc 

has not been proven (Pauling et al, 2015) and so it is not a 

valid alternative to capillaroscopy.

Thermography for assessing progressive vascular 

disease and/or response to therapy in SSc

There are no studies demonstrating the ability of thermog-

raphy to measure progressive vascular disease in Raynaud’s 

secondary to SSc. Nor are there any recent high-quality 

large multicentre prospective randomised, double-blind, 

placebo-controlled trials evaluating the ability of ther-

mography to monitor response to therapy in SSc-related 

Raynaud’s (Pauling et al, 2012). In fact, thermography is 

now infrequently used to quantify response to drug treat-

ment (Selenko-Gebauer et al, 2006; Ishigatsubo et al, 2010; 

Pauling et al, 2012; Herrick et al, 2014). In addition, as no 

thermographic parameter has emerged as the preferred 

endpoint in clinical trials, the role of thermography has not 

yet been fully established. Nevertheless, as some thermo-

graphic parameters have shown promise in clinical trials 

on Raynaud’s phenomenon in relation to subjective clin-

ical endpoints (eg, patient self-report or physician global 

assessment), the field of thermography deserves further 

investigation.

Laser assessment
Laser Doppler flowmetry: single point 

flowmetry and laser Doppler imaging

Laser Doppler flowmetry measurements are based on the 

Doppler effect produced by red blood cells as they flow 

through the superficial microvessels and reflect laser illu-

mination (figure 5). The light reflected by the moving red 

blood cells undergoes a frequency shift related to their 

speed, which can thus be measured. 

Single point flowmetry (allows measurement of flow at a 

particular point)

The laser Doppler system consists of an optical-fibre probe 

which is placed on the hand and another optical fibre to 

detect the back-scattered photons which are conveyed to 

photodetectors where they are analysed. It is a one-point 

measurement method which records perfusion in real time. 

Laser doppler flow measurements are not able to measure 

flow in absolute units (mL/min), so most use arbitrary units 

of flux, that is, perfusion units (PU) which are the product 

of the concentration of moving red blood cells and the 

mean velocity of those red blood cells.

However, this technique has disadvantages which cause 

wide variability and include a low spatial resolution of 1 mm2 

(as this measurement is taken at a single point), site-to-site 

variation (a slight change in probe position or orienta-

tion can cause significant changes in flow), and possible 

Figure 5 Laser Doppler single point flowmetry. (A) A commercially available laser Doppler flow monitoring system. The probe is attached 

to the index finger of the patient and emits a beam of light, which scatters and is partly absorbed by the tissue under study. Light hitting 

moving blood cells undergoes a change in wave length (Doppler shift). The magnitude and frequency distribution of these changes are 

directly related to the number and velocity of red blood cells. The information is picked up by an optical fibre, converted into an electri-

cal signal and analysed. (B) Perfusion units (PU) in a healthy control (upper panel) and in a patient with systemic sclerosis (lower panel), 

both at baseline. There is a statistically significant difference between patients with Raynaud’s phenomenon (in this case a patient with 

systemic sclerosis, SSc) and healthy controls in basal local temperature (red line, 30°C in healthy controls and 20°C in patients with SSc), 

basal flow (blue line, mean perfusion of 150 PU in healthy controls and 30 PU in patients with SSc). However, note that the laser is not 

able to distinguish between patients with primary and with secondary Raynaud’s phenomenon.

Microcirculation evaluation by laser Doppler flowmetry

Microcirculation blood flow evaluation by laser Doppler, all fingers

Microcirculation Unit, Rheumatology, University of Genoa
Microcirculation Unit, Rheumatology, University of Genoa

Blood flow in a healthy subject, basal temperature

Blood flow in a SSc patient, basal temperature

A B
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flow interference due to the probe itself (as there is direct 

contact between the probe and the skin). To overcome these 

problems, provocations (such as a cold stimulus) are often 

used. Provocations allow the user to look at the response 

to a particular provocation rather than just the basal value 

of microcirculatory flow. Studies which have successfully 

used single point flowmetry, particularly by evaluating 

intra-subject changes, are discussed below.

Laser Doppler imaging and laser speckle contrast (allows 

measurement of tissue flow over a set area)

The problems of single point flowmetry can be largely over-

come by mapping spatial tissue perfusion by laser Doppler 

imaging or by laser speckle contrast. 

In laser Doppler imaging, a low-powered laser is moved 

across the skin, which makes it possible to build up a perfu-

sion map of the entire area rather than of a single point. In 

this way, for example, perfusion at the dorsa of the hands or 

fingers can be measured. All perfusion signals are combined 

to form a colour-coded image using a scale ranging from 

dark blue (lowest temperature) to red (highest temperature) 

(figure 6). As this technique uses scanning laser equipment 

rather than a single probe, it may avoid some of the disad-

vantages of single point flowmetry, such as the site-to-site 

variation (Herrick and Clark, 1998).

Laser speckle contrast imaging uses diverging laser 

light to produce a speckle pattern on the skin. When the 

illuminated object is static, the speckle pattern is stationary. 

However, when moving particles, such as blood cells, are 

present, the speckle pattern will fluctuate over time. Analysis 

of the intensity of these fluctuations provides information 

about tissue perfusion (Ruaro et al, 2014; Sulli et al, 2014).

Infrared laser to distinguish primary from 

secondary Raynaud’s due to SSc

Only laser Doppler has been able to discriminate between 

primary and secondary Raynaud’s at the patient group level, 

but there is too much in-between group overlap for it to be 

discriminatory at the individual level (Murray et al, 2009).

Laser for measuring progressive vascular disease 

and/or response to therapy in SSc

The reliability of laser contrast analysis has recently been 

demonstrated in secondary Raynaud’s phenomenon due to 

SSc in a single-centre study (Lambrecht et al, 2016). Also, 

the increasing literature on the clinical application of laser 

has shown it to be a sensitive tool for measuring blood flow 

(Ruaro et al, 2014, 2015, 2016). 

Concerning progressive vascular disease, one open-label 

study shows an association between laser Doppler imaging 

parameters and progressive peripheral vascular disease using 

Medsger’s disease severity scale (Gunawardena et al, 2007). 

An association has also been found between morphological 

(ie, nailfold capillaroscopy) and functional assessments (ie, 

Figure 6 Laser Doppler imager (right panel) and colour-coded laser Doppler perfusion image of a normal subject (left panel). There is 

homogeneous perfusion of the dorsal hand surface (blue) and a proximal to distal gradient (blue in the dorsal hand surface to green in 

the third phalanx). Laser Doppler imaging can create two-dimensional maps (imaging mode) of blood tissue perfusion. Bias is eliminated 

since there is no contact between the tool and the skin of the patient (in contrast to laser Doppler single-point flowmetry). The laser beam 

moves stepwise over the skin and measures perfusion at different points. Repeated images of the same area can also show variations over 

time and are useful when examining reaction to provocation. The recorded data can be divided into regions of interest (ROI) for evaluating 

mean, minimum and maximum perfusion.
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laser) of the microcirculation in SSc patients (Cutolo et al, 

2010; Rosato et al, 2011; Ruaro et al, 2014).

Concerning response to therapy, laser Doppler has been 

used in two prospective, double-blind, placebo-controlled 

trials to assess vasoactive treatment (Fries et al, 2005; 

Sadik et al, 2010). Also, some open-label studies evaluating 

vascular response to the possible vaso-active properties of 

treatment have been reported (Anderson et al, 2002; Murray 

et al, 2008; Hettema et al, 2009; Nevskaya et al, 2009; Cutolo 

et al, 2014; Ruaro et al, 2015).

Conclusion
Raynaud’s phenomenon is the clinical hallmark of SSc and 

reflects the progressive underlying microvasculopathy of 

the disease. Both morphological and functional aspects 

of the microcirculation can be studied non-invasively and 

in a safe manner. Capillaroscopy allows morphological 

evaluation and the observed changes can be quantified. 

Thermography and laser assessment allow functional eval-

uation of microcirculation flow.

The reliability of capillaroscopy and laser contrast 

analysis in secondary Raynaud’s has been demonstrated, 

but the reliability of thermography has still to be proven. 

Capillaroscopy is frequently employed to distinguish 

primary from secondary Raynaud’s due to SSc (and 

diseases of the scleroderma spectrum). It can also be used 

to predict progressive vascular involvement and some 

clinical complications (ie, digital ulcers). In contrast, 

neither thermography nor laser Doppler can be used as a 

sole tool to distinguish primary from secondary Raynaud’s 

phenomenon in individual subjects. 

Laser should be further developed as a functional tool, as 

it measures flow directly and may have future value in the 

assessment of the vasoactive properties of candidate treat-

ments for secondary Raynaud’s phenomenon.

Summary points

•	 Raynaud’s phenomenon is the clinical hallmark of systemic sclerosis (SSc) and reflects the progres-

sive underlying microvasculopathy of the disease.

•	 The key point for the rheumatologist is to distinguish Raynaud’s phenomenon due to SSc 

(secondary Raynaud’s) from Raynaud’s phenomenon not related to a clinical condition (primary 

Raynaud’s).

•	 Nailfold capillaroscopy allows morphological evaluation of the microcirculation.

•	 Qualitative assessment of a capillaroscopic image relies on pattern recognition based on assess-

ment of the morphology of the capillaries.

•	 Qualitative assessment in capillaroscopy is key for distinguishing between primary Raynaud’s 

(normal capillaroscopic pattern) and secondary Raynaud’s (scleroderma pattern).

•	 In a scleroderma pattern, the characteristic capillaroscopic abnormalities include giant capillaries, 

haemorrhages, loss of capillaries and neoangiogenesis.

•	 Depending on the prevalence of hallmark parameters, the scleroderma pattern is classified as 

‘early’, ‘active’ or ‘late’ according to Cutolo.

•	 Predictive associations between capillaroscopic patterns (and their scoring) and SSc clinical 

complications have been described.

•	 Thermography and laser Doppler analysis are used to evaluate the function of the microcirculation.

•	 Recommendations (protocols and end points) are needed on a standardised approach for ther-

mography and laser assessment.

•	 A clear relationship exists between response to treatment and the results of laser Doppler anal-

ysis and capillaroscopic scleroderma patterns in SSc patients at baseline.
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Background and importance
Raynaud’s phenomenon is the most common manifestation 

of systemic sclerosis (SSc), affecting approximately 95% of 

patients. In patients with SSc, Raynaud’s phenomenon can 

progress to digital ulceration and/or critical ischaemia. It 

has been estimated that in any one year, in the order of 30% 

of patients with SSc will have digital ulceration and those 

patients with persistent ulcers have a 30% risk of permanent 

tissue loss (Ingraham and Steen, 2006). Digital ulcers and 

gangrene are a major source of pain, morbidity, disability 

and distress (Guillevin et  al, 2013; Brand et  al, 2015). A 

history of digital ulcers at presentation is strongly predictive 

of recurrence of digital ulcers at follow-up. Moreover, it is 

a predictor of more overall cardiovascular events and even 

decreased survival, as shown in a recent large-scale longi-

tudinal analysis of the EUSTAR cohort (Mihai et al, 2015). 

Importantly, digital ulcers can occur and were associated 

with internal organ involvement even in patients with very 

early and early SSc (Bruni et al, 2015).

Understanding the drivers of digital vasculopathy in SSc 

is important for more efficient management. The pathogen-

esis of digital ischaemia in SSc is multifactorial and includes 

imbalances in neuroendocrine control mechanisms, struc-

tural changes in the vessels themselves (most commonly 

intimal hyperplasia and fibrosis) and haematological factors 

such as hyper-coagulability (Herrick, 2005). In most patients 

with SSc presenting with digital ulceration and/or critical isch-

aemia, the structural vascular changes relate to a combination 

of non-inflammatory microangiopathy (well visualised by 

nailfold capillaroscopy) and digital artery disease. Therefore, 

when patients present with ulceration and gangrene, there is 

a risk of assuming that the problem is confined to the digital 

vasculature. Failing to consider and exclude other causes 

of ischaemia, such as proximal vasculopathy, could deprive 

patients of valuable management opportunities. 

In the last 20 years, it has been suggested that patients 

with SSc have an increased prevalence of large vessel disease 

compared with the general population (Veale et  al, 1995; 

Youssef et al, 1995; Ho et al, 2000). Studies exploring this 
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have given conflicting results. Although it has been shown 

that the prevalence is increased, it is not known whether 

this is due to increased atherosclerotic risk or an additional 

pathological process occurring in proximal vessels in SSc. 

Regardless of the aetiology or magnitude of an association, 

clinicians should always be on the lookout for large vessel 

atherosclerotic disease, at least because its prevalence in the 

general population is so high. 

In the setting of SSc, the combination of micro and 

macrovascular disease is potentially limb-threatening, 

especially in the lower limbs, where proximal vessel disease 

is more common. In saying this, the upper limbs are also at 

threat, as a high proportion of patients with SSc have ulnar 

artery involvement (Stafford et al, 1998; Taylor et al, 2002); 

the reason for this is unknown. Involvement of the subcla-

vian, axillary and brachial arteries in SSc patients in the 

absence of traditional risk factors for atherosclerosis was 

also described (Emad et al, 2014). 

A link between the progression of micro and macrovas-

cular disease in SSc has been suggested (Matucci-Cerinic 

et al, 2013). Vascular changes in the proper palmar digital 

arteries examined by colour Doppler ultrasound have 

been shown to correlate with the nailfold videocapillaros-

copy pattern, as defined by Cutolo et  al; while patients 

with an early pattern had normal vascular morphology, 

reduced blood flow and increased vascular resistance, 

progressing morphological changes, as well as further 

impairment in vessel function were observed in patients 

with more advanced microvascular abnormalities (active 

and late pattern) (Rosato et  al, 2011). Furthermore, an 

increased intrarenal arterial stiffness was shown to be 

associated with the capillaroscopic pattern and with 

a higher risk of occurrence of new digital ulcers in SSc 

(Rosato et al, 2014).

Other, rarer co-morbidities to consider in patients with 

SSc and digital ulceration and/or critical ischaemia include 

pro-coagulant states (such as anti-phospholipid syndrome) 

and vasculitis, both of which have been reported to be asso-

ciated with SSc, albeit rarely.

The approach to the patient with digital 
ulceration and/or critical ischaemia 
When a patient presents with symptoms and/or signs of 

altered blood flow to the digits, the first question is: Does the 

patient have primary Raynaud’s phenomenon, an underlying 

connective tissue disease or neither? However, this question 

has been addressed in the preceding section on Raynaud’s 

phenomenon and so will not be discussed here. In this section 

we consider the patient with SSc and digital ulceration and/

or critical ischaemia. The two main questions are: 

1. Are there any other co-existing exacerbating 

pathologies?

2. How severe is the digital disease? 

As with all diagnoses, the answers to these questions lie 

within a good history and examination. Suspicions can then 

be confirmed or refuted by investigations.

History
Are there any other contributing pathologies?

Risk factors for atherosclerotic disease should be established 

in the history. Does the patient have ischaemic heart disease, 

cardiovascular disease or peripheral vascular disease? Does 

s/he have hypertension, diabetes or hyperlipidaemia? Has s/

he ever smoked? Is there a family history of cardiovascular 

disease? Are there symptoms suggestive of claudication, eg, 

pain/discomfort in the lower leg while walking and which 

is ameliorated by rest?

Taking into account the rarer associations already 

mentioned, it may be pertinent to ask about any history of 

thromboembolic events and miscarriages when considering 

antiphospholipid syndrome. If suspicious of vasculitis, ask 

about rashes, fever, sinus and respiratory problems and 

renal disease. 

Other points to ask about include any trauma, vibration 

exposure, relevant drug history (eg, beta-blockers) and 

previous problems with calcinosis. 

Figure 1 Radiograph of the hands of a patient with systemic sclero-

sis and multiple areas of calcinosis, not all of which were clinically 

apparent.
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How severe is the digital disease?

A ‘red flag’ symptom is recent permanent discolouration of 

one or more digits, as this suggests critical ischaemia, which 

is a medical emergency. However, this is rare. 

What is the frequency, duration and severity of Raynaud’s 

attacks and has this changed with time? A noticeable dete-

rioration in frequency and severity of attacks is concerning 

and suggests worsening of the underlying structural 

vascular disease. Ask if symptoms are affecting day-to-day 

living and establish what limitations this may be causing. Is 

the patient kept awake at night with pain? It is important to 

enquire about what measures the patient is taking to avoid 

Raynaud’s attacks and whether these measures are effective. 

In patients who already have evidence of critical ischaemia 

in the form of digital pitting, ulcers or gangrene, severity can 

be gauged by enquiring about the frequency and number of 

ulcers, healing time and past treatment requirements and 

their effectiveness. Is there a history of ulcers affecting only 

the upper or lower limbs, or both?

Examination
Although mentioned in the previous section, it is worth 

highlighting that digital pitting, ulceration and gangrene 

always point towards SSc in a patient presenting with severe 

Raynaud’s phenomenon. Other clues in the hand include 

skin thickening (including sclerodactyly), puffy hands, 

calcinosis, telangiectasia and prominent nailfold capillaries 

(which can sometimes be seen even with the naked eye). 

Ulcers should be differentiated from skin fissures due to dry 

skin or recent traumatic lesions. Note that several types of 

digital lesions can occur at the same time and should be 

documented accordingly.

Performing a full general examination for other 

signs of connective tissue disease is essential, looking 

for telangiectases, facial changes, joint involvement and 

signs of pulmonary fibrosis (eg, crackles at lung auscul-

tation).

In the patient with an established diagnosis of SSc:

1. Are there any other contributing pathologies?

When considering co-existing proximal vessel disease, 

all pulses should be palpated. An absent pulse should raise 

suspicion of large vessel disease and should prompt further 

investigation with Doppler studies (see below). It is always 

important to look for livedo (suggestive of antiphospholipid 

syndrome) or vasculitic rashes. 

Look for underlying calcinosis. In large ulcers this may 

be very obvious, with extrusion of white chalky material, or 

a firm swelling underlying the ulcer. Less obvious calcinosis 

may be demonstrated on plain radiography (figure 1). 

2. How severe is the digital disease?

Permanent discolouration is an ominous sign, suggesting 

progression to critical ischaemia. In those patients who 

do have ulcers, the number and chronicity will give an 

idea of severity. Extreme tenderness on examination may 

suggest underlying necrotic tissue, while pus and spreading 

erythema would suggest infection. Digital ulcers most often 

occur on the fingertips and extensor surfaces, although 

they can occur elsewhere on the fingers and toes. Does 

the patient present a single lesion, or are there multiple 

digital ulcers present? The larger the ulcer, the more diffi-

cult it is to heal. Also, ulcers associated with calcinosis are 

usually more difficult to heal and possibly associated with 

infections, in severe cases even osteomyelitis (Hughes and 

Herrick, 2017). Pitting of multiple fingertips suggest long-

standing, severe digital ischaemia.

Investigations
Investigations to differentiate between primary and SSc-re-

lated Raynaud’s phenomenon have been discussed in the 

preceding section. Here we shall consider the investigation 

of patients with an established diagnosis of SSc. 

Blood tests

The erythrocyte sedimentation rate, C-reactive protein or 

white cell count may be high in patients in whom digital 

ulcers are infected, or in patients with necrotic tissue. 

It is always best to check a baseline full blood count and 

biochemical profile as many patients will require antibi-

otic therapy which could cause abnormalities in these tests. 

Patients with digital ulcers and/or critical ischaemia are 

often anti-topoisomerase or anticentromere antibody posi-

tive (Wigley et al, 1992; Silva et al, 2015). 

Capillaroscopy

In addition to differentiating primary from secondary 

Raynaud’s phenomenon, there is increasing scientific 

evidence supporting the use of capillaroscopy as a predic-

tive tool in assessing the risk of developing digital ulcers 

in patients with SSc. Capillaroscopic scoring methods 

with good performance for predicting digital ulcers have 

been developed (Sebastiani et  al, 2009, 2012; Smith et  al, 

2011). Furthermore, the risk of developing future severe 

peripheral vascular involvement, defined as the presence of 

pitting scars, digital ulcers or digital gangrene, was shown 
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to increase with worsening scleroderma patterns on capil-

laroscopy, being greatest for patients with the ‘late’ pattern 

(Smith et al, 2012). 

Plain radiography and magnetic resonance (MR) 

imaging 

In patients with digital ulceration, X-rays may demon-

strate underlying osteomyelitis or calcinosis. Patients 

with SSc and severe digital ischaemia often demonstrate 

acro-osteolysis. Early osteomyelitis may be demonstrated 

on MR imaging, so consider this when the clinical suspi-

cion of bone infection is high but plain radiographs are 

normal. 

Are there any other contributing pathologies?

If a concomitant pathology is suspected, then other investi-

gations will also be indicated.

Blood tests

If a coagulopathy or vasculitis is suspected, then other 

tests (eg, ANCA, anticardiolipin, anti-β2-glycoprotein 

antibodies, lupus anticoagulant) should be requested as 

appropriate.

Imaging for concomitant large (proximal) vessel disease

If this is suspected, then in the first instance arterial 

Doppler scans should be performed and (in the lower 

limbs) ankle:brachial pressure indices should be calculated, 

where a value of <0.9 is abnormal and <0.3 is associated 

with critical ischaemia. 

If there remains a suspicion of large vessel disease, the 

next step is angiography. A wide variety of angiographic 

modalities are now available for visualising larger blood 

vessels. Conventional X-ray angiography provides excel-

lent visualisation of the vessel lumen but requires arterial 

cannulation, the administration of contrast agent and a 

radiation load. Spiral CT angiography also involves contrast 

and ionising radiation, but avoids arterial puncture and 

allows visualisation of the vessel wall as well as lumen. MR 

angiography does not require intra-arterial cannulation, 

contrast or radiation, but its use is often limited by avail-

ability and cost, and scanning times are longer than for CT 

angiography. The gold standard remains X-ray angiography 

and has the advantage that, when performed in the right 

setting, it can allow intervention at the same time as inves-

tigation, to relieve a stenosing lesion. 

All of the techniques above will provide clues to the 

severity of a patient’s vascular disease; however, none has 

been proven to give be directly correlated with digital ulcer 

severity. Assessing a patient’s disease severity, therefore, still 

relies heavily on the history and examination. 

Early detection and risk assessment of patients with a 

high risk of developing severe vasculopathy/digital ulcers 

is important, since these patients would likely benefit most 

from preventive strategies and early therapeutic interven-

tion. Recent research on predictors of digital ulcers provides 

exciting data on clinical characteristics, serum biomarkers 

(however not yet ready for widespread clinical use), capil-

laroscopic markers and combined prediction models 

(Dobrota et  al, 2014; Chora et  al, 2015; Silva et  al, 2015). 

Clinical risk factors for digital ulcers frequently reported in 

cohort studies include diffuse SSc, extensive skin involve-

ment (high modified Rodnan skin score), early onset of 

Raynaud’s phenomenon, early first non-Raynaud symptom, 

and anti-topoisomerase I positive antibodies (Silva et  al, 

2015). In the longitudinal CAP study, a three-parameter 

model consisting of the number of digital ulcers at base-

line, the presence/absence of critical digital ischaemia at 

baseline and the mean number of capillaries in the finger 

of the dominant hand predicted occurrence of digital ulcers 

within 6 months (AUC 0.74, 95% CI 0.68 to 0.79) (Cutolo 

et al, 2016). In a recent study, patients double positive for 

anticentromere and anti-IFI-16 (anti-interferon inducible 

protein 16) antibodies were shown to have an increased 

risk of severe or complicated Raynaud’s phenomenon 

(McMahan et  al, 2017). The anti-IFI-16 antibodies have, 

however, not yet been implemented into regular medical 

practice.

Management of SSc-related 
vasculopathy
As already mentioned above, digital ulcers cause local pain 

and functional impairment (eg, eating and dressing), and 

have a major negative impact on the quality of life of SSc 

patients (Denton and Korn, 2003; Matucci-Cerinic et  al, 

2016). Chronic ulcers can become infected (Denton and 

Korn, 2003), resulting in gangrene (Ingraham and Steen, 

2006), osteomyelitis (Korn et  al, 2004) and amputation. 

As a consequence of the progressive scarring and tissue 

loss that follow healing of ulcers, patients may experience 

permanent disability, with associated social and self-image 

problems (Korn et al, 2004). In a recent, large-scale study 

of the EUSTAR cohort, digital ulcers were one of the 

major drivers of patient-reported, disease-related func-

tional disability (Jaeger et al, 2017). Patients with chronic, 
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recurrent digital ulcers in particular are prone to experi-

ence the highest disease burden (both complication rate 

and functional impairment) and should be accordingly 

recognised and intensively managed (Matucci-Cerinic 

et al, 2016). Historically, the management of patients with 

digital ulcers has been difficult and in Europe there are no 

unanimous guidelines for the treatment of this dreaded 

complication of SSc. 

The approach to managing SSc-related digital vascu-

lopathy is multifactorial and involves addressing the 

background Raynaud’s phenomenon and then digital ulcers 

when they occur, through various pharmacological and 

non-pharmacological mechanisms:

 • Avoidance of risk factors (Fraenkel, 2002)

 • Treatment of any underlying cause (eg, concomitant 

proximal vessel disease)

 • Both local and systemic pharmacological treatment

 • Surgical treatment where necessary (Chung and 

Fiorentino, 2006). 

Good skin care is important in minimising the occur-

rence of minor trauma and its consequences. This includes 

advice from a podiatrist or chiropodist in order to avoid 

foot ulcers by careful attention to footwear. Dry skin can 

be improved with simple topical moisturising creams and 

emulsifying ointments. Vasoconstriction must be reduced 

by avoiding precipitating factors such as cold, emotional 

stress and nicotine (smoking).

Pharmacological treatments
Currently, there are several pharmacological therapies for 

the treatment and prevention of Raynaud’s phenomenon 

and digital ulcers, including intravenous prostanoids, anti-

platelet and anticoagulant therapies, endothelin receptor 

antagonists, phosphodiesterase inhibitors, statins and 

calcium channel blockers. Although at present the evidence 

base for some of these approaches, as shown by recent 

meta-analyses and summarised in table 1, is modest, the 

number of clinical trials of SSc-related digital ulceration is 

increasing. 

Calcium channel blockers (CCBs) have been the main 

elective treatment for Raynaud’s up until now. Nifedipine 

has a direct effect on vascular smooth muscles and inhibits 

platelet activation, reducing the frequency and severity of 

Raynaud’s attacks (Thompson et  al, 2005). The efficacy 

of CCBs for digital ulcers has been reported only in one 

small study, but this may provide support for their use as 

background therapy in patients with digital ulcers (Rade-

maker et al, 1989). Common side effects of CCBs include 

headache, hypotension and peripheral oedema, which can 

limit the use/upper dose titration of these drugs (Botzoris 

et al, 2011).

Transdermal nitrates or nitro-glycerine cream are nitric 

oxide (NO) donors, inducing local vasodilation, thus 

reducing the severity and frequency of vasospastic episodes 

in patients with primary and secondary Raynaud’s. There 

is no evidence that they promote digital ulcer healing, 

but they may play an important role as local combination 

therapy, especially in acute ischaemic gangrene.

Prostaglandins are considered the most potent vasodi-

lators currently available. Prostacyclin (PGI2) both causes 

potent vasodilation and also has an anti-proliferative effect 

and inhibits platelet aggregation. The efficacy of both 

iloprost (PGI2 analogue) and prostaglandin E1 has been 

widely demonstrated. In particular, a reduction in time to 

healing in more than half of patients treated with intra-

venous iloprost and a reduction in the formation of new 

digital ulcers were demonstrated (Wigley et al, 1994). In SSc 

patients with severe manifestations such as digital ulcers 

and gangrene, iloprost is administered parenterally at a 

dose of 2 ng/kg/min, infused for 6 h/day, for 5 days (Wigley 

et al, 1994). Treprostinil, a prostacyclin analogue delivered 

by continuous subcutaneous infusion, has some evidence 

of efficacy in the healing and prevention of digital ulcers 

(Chung and Fiorentino, 2006).

Antiplatelet and anticoagulant therapy can be consid-

ered in acute ischaemic phases or when a thrombotic 

complication is suspected. In SSc, micro clots are formed 

and can create vascular occlusion. It may therefore be useful 

to prescribe low-dose oral aspirin in all patients with a 

history of ischaemic digital ulcers and gangrene or previous 

thromboembolism. However, because many patients with 

SSc have upper gastrointestinal disease, an alternative anti-

platelet agent might be preferable.

The use of endothelin receptor antagonists is based on 

the knowledge that endothelin levels are elevated in the 

serum of patients with SSc, especially in those patients with 

digital ulcers, and this is considered a marker of vascular 

severity (Biondi et al, 1991; Yamane et al, 1992). 

Clinical trials have evaluated the efficacy of bosentan, 

a dual endothelin receptor antagonist, in SSc-related 

digital ulceration and demonstrated a beneficial effect 

in preventing the development of new digital ulcers 

(Korn et al, 2004; Garcia de la Pena-Lefebvre et al, 2008; 

Matucci-Cerinic et  al, 2011), especially in patients at 
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risk of multiple ulcers. Patients treated with bosentan 

also demonstrated a significant improvement in hand 

functionality. Unfortunately, there was no effect on 

the healing of existing digital ulcers (Black et  al, 2006; 

Seibold et  al, 2006). A few years ago there was a case 

report of a patient with diffuse cutaneous systemic scle-

rosis with multiple digital ulcers and gangrene in whom 

there was significant attenuation of macrovascular 

involvement following bosentan (Ichimura et  al, 2011). 

In fact, it seems bosentan can exert a reverse remodelling 

effect against the pathological organic changes of arteries 

in SSc. Reports from clinical practice with long-term use 

of bosentan support maintained efficacy and good toler-

ability of the drug (Roman Ivorra et al, 2011; Agard et al, 

2014; Ngcozana et al, 2014). In an open-label, small-scale 

study, long-term combined therapy with bosentan and 

cyclic infusions with ilomedin was found to significantly 

increase fingertip blood perfusion as assessed by laser 

Doppler flowmetry as well as to reduce microvascular 

damage at nailfold videocapillaroscopy (Cutolo et  al, 

2014). 

Macitentan, which was recently approved for pulmo-

nary arterial hypertension, was tested in two randomised 

controlled trials (RCTs), DUAL-1 and DUAL-2, for its 

potential benefit in the treatment of patients with SSc and 

digital ulcers. The primary outcome measure, the number 

of new digital ulcers at 16 weeks of treatment, was not met 

in either trial, and there were no significant differences 

between the active arm and placebo with respect to the 

secondary endpoints (including hand function and digital 

ulcer burden). The currently available data therefore do not 

support the use of macitentan for the treatment of patients 

with SSc and digital ulcers (Denton et  al, 2015; Khanna 

et al, 2016). 

Phosphodiesterase 5 (PDE5) inhibitors such as silde-

nafil, have been studied for use in patients with Raynaud’s 

Pharmacological class Effect Specific agents Level of evidence, 

grade of 

recommendation*

Calcium channel blockers Reduce frequency and intensity of RP 
attacks

Nifedipine 
Nicardipine
Amlodipine
Felodipine

1a, A 
1a, A

Phosphodiesterase 5 inhibitors Reduce frequency and intensity of RP 
attacks
Healing or improvement of new DU

Sildenafil
Tadalafil

1c, A 
1a, A 

Endothelin receptor antagonist Prevention of new DU Bosentan 1b, A

Prostaglandins Reduce frequency and intensity of RP 
attacks
Healing and prevention of new DU

Iloprost IV
Treprostinil

1a, A (RP); 1b, A 
(DU)

Statins Prevention of new DU Atorvastatin 1b, B

Selective serotonin reuptake inhibitors Reduces RP severity but not frequency Fluoxetine 3, C

Angiotensin receptor blockers Reduces frequency of RP attacks Losartan 2b, C

Antiplatelet agents Can be considered in acute ischaemic 
phases or when a thrombotic 
complication is suspected

Aspirin, clopidogrel 4, C

Anticoagulant therapy Can be considered in acute ischaemic 
phases or when a thrombotic 
complication is suspected

Enoxaparin, 
warfarin

4, C

*Grading according to the Oxford Centre for Evidence-based Medicine Levels of Evidence guidelines (CEBM, 2009). Study grading on 
efficacy: 1a, systematic reviews with homogeneity of RCT; 1b, individual RCT with narrow CI; 1c, all or none; 2a, systematic review 
with homogeneity of cohort studies; 2b, individual cohort study or low quality RCT; 2c, outcomes research or ecological studies; 3a, 
systematic review with homogeneity of case-control studies; 3b, individual case-control studies; 4, case series or poor quality cohort/case-
control studies; 5, expert opinion without explicit critical appraisal, or based on physiology, bench research or ‘first principles’. Grades of 
recommendation: A, consistent with level 1 studies; B, consistent level 2/3 studies or extrapolation from level 1 studies; C, level 4 studies or 
extrapolation from level 2/3 studies; D, level 5 evidence or inconsistent/inconclusive trials at any level. 
DU, digital ulcers; IV, intravenous; RCT, randomised controlled studies; RP, Raynaud’s phenomenon.
Adapted from: Tingey et al, 2013; Cappelli and Wigley, 2015; Garcia de la Pena Lefebvre et al, 2015; Kowal-Bielecka et al, 2017.

Table 1 Overview of the evidence-based efficacy of the frequently used systemic therapies for digital vasculopathy in systemic sclerosis.
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phenomenon and have shown a significant benefit in terms 

of the frequency, duration and severity of attacks (Fries 

et al, 2005). A recent meta-analysis of six RCTs (one with 

sildenafil, one with modified-release sildenafil, three with 

tadalafil, one with vardenafil) showed that PDE5 inhib-

itors significantly but moderately decreased the daily 

frequency and duration of Raynaud attacks, as well as the 

mean Raynaud’s condition score, in patients with secondary 

Raynaud’s, as compared with placebo (Roustit et al, 2013).

It has been suggested that sildenafil could provide a 

useful therapeutic approach for ulcer healing, initially by a 

prospective open pilot study and several anecdotal reports; 

in these, the effect was rapid, and maximum benefit was 

reached in the first months (Colglazier et al, 2005; Gore and 

Silver, 2005; Brueckner et  al, 2010). A pooled analysis of 

data from three RCTs (Fries et al, 2005; Shenoy et al, 2010; 

Herrick et  al, 2011) from a recent meta-analysis (Tingey 

et  al, 2013) found a significant effect of PDE5 inhibitors 

on healing or improving digital ulcers as compared with 

placebo. Newly published results from the double-blind, 

randomised, placebo-controlled trial SEDUCE (Sildenafil 

Effect on Digital Ulcer healing in sClerodErma) show a 

reduction in the number of digital ulcers at week 8 and 

week 12 in patients treated with sildenafil as compared 

with placebo, supporting a benefit of sildenafil therapy 

(Hachulla et al, 2016). Nonetheless, the primary endpoint 

of the study, which was time to healing, was not met. A 

subgroup analysis showed that patients on the dual therapy 

sildenafil+bosentan had a significantly shorter healing time, 

suggesting an additive effect. Dedicated studies are needed 

to further explore the potential benefit of this combination 

therapy for digital ulcers (Hachulla et al, 2016). So far, data 

from several case reports suggest a benefit of dual vaso-

active therapy combining bosentan and sildenafil for the 

treatment of refractory digital ulcers. However, dedicated 

RCTs are lacking (Ambach et  al, 2009; Moinzadeh et  al, 

2011; Omarjee et al 2017).

Statins have demonstrated efficacy in reducing the 

occurrence and total number of digital ulcers, an improve-

ment in Raynaud’s, and finally a significant improvement 

in vascular function by reducing serum levels of angio-

genic factors and markers of vascular injury (Abou-Raya 

et al, 2008; Kuwana et al, 2009). Due to its good tolerability 

and low cost, atorvastatin may be considered valuable in 

early SSc vasculopathy or in patients with macrovascular 

involvement (ie, radial and ulnar arteries), although further 

research is required before statins can be widely recom-

mended. 

In addition to these therapies, oral antibiotics are essen-

tial in the treatment of infected digital ulcers to avoid spread 

to adjacent tissue or bone. In severe cases, amputation may 

be required (Fraenkel, 2002; Denton and Korn, 2003). 

Pain management is also important. Patients with severe 

forms of Raynaud’s phenomenon, as well as patients with 

digital ulceration, may be prescribed NSAIDs, coxibs and 

opioids. Nonetheless, these can cause numerous side effects 

(heart and kidney dysfunction, intestinal stasis) and can be 

abused. These drugs should therefore be used with caution 

and awareness of the risks. Topical lidocaine products 

applied around the ulcer, avoiding contact with the wound, 

could also be considered (Cappelli and Wigley, 2015).

Local treatments
Standard topical care includes the maintenance of a warm 

and humid environment which encourages the healing 

processes and the application of various medications such 

as hydrogel, hydrocolloid, paraffin gauze, and antiseptic 

dressings such as silver-coated medications that are able 

to both heal infection and also prevent it (Amanzi et  al, 

2010). Vitamin E (VE) increases the expression of cyto-

solic phospholipase A2 and cyclooxygenase, increasing, 

in a dose-dependent mode, the release of prostacyclin 

(produced by cyclooxygenase), a potent vasodilator that 

inhibits platelet aggregation, adhesion and degranulation. 

Due to its antioxidant, antiaggregant and slightly vaso-

dilating capabilities, VE may both reduce the ischaemic 

damage of reperfusion and stimulate the growth and stabi-

lisation of granulation tissue, as well as re-epithelisation. 

Local application of a VE gel has significantly contributed 

to reducing time to healing and faster resolution of pain 

(Fiori et al, 2009). 

Surgical treatments include local debridement, arterial 

bypass, digital arterial reconstruction, sympathectomies 

(peripheral and digital) and botulinum toxin injection 

(Bogoch and Gross, 2005; Fregene et al, 2009; Motegi et al, 

2016). A retrospective analysis of 17 patients (26 hands) 

treated with peripheral sympathectomy within 10 years 

reported pain reduction in 92.3% of patients, with a good 

tolerability profile (Momeni et  al, 2015). Another recent, 

retrospective analysis of patients with digital ischaemia 

related to connective tissue disorders (23/27 patients with 

SSc) showed that the resolution of ulcers took longer in 

patients who underwent vascular bypass in addition to 

sympathectomy in comparison to simple sympathectomy 

(9 vs 27 interventions, respectively) (Shammas et al, 2017). 
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These invasive therapies (with the exception of local debride-

ment if available) require specialised centres and should be 

used only for patients with refractory, non-healing digital 

ulcers or in patients with intractable pain. 

Local or intramuscular implantation of mesenchymal 

stem cells has also been suggested (Nevskaya et al, 2009; 

Ishigatsubo et  al, 2010), as well as recombinant human 

erythropoietin (Ferri et al, 2007) and granulocyte-colony 

stimulating factor (G-CSF) (Romanelli, 2006). Autol-

ogous fat grafting was also successfully used in a small 

series of nine SSc patients for treatment of digital ulcers 

refractory to maximal medical and local therapy (Bene 

et  al, 2014). Recently published follow-up data up to 

30 months after autologous adipose-derived stromal 

vascular fraction injection into the fingers of patients 

with SSc show a decrease in the number of digital ulcers, 

an improvement in hand function, as well as a favourable 

safety profile. Two randomised, double-blind, place-

bo-controlled trials of this therapy are ongoing in the 

USA (NCT02396238) and in France (NCT02558543) 

(Daumas et al, 2017).

In practice: what do you do when you 
observe a digital ulcer in SSc?
Your priorities in the treatment of digital ulcers in SSc 

patients should be:

 • Classify and characterise the ulcer.

 • Check for complications and disease activity.

 • Pain control.

 • Initiate adequate local and systemic treatment. 

Classification and characterisation
Classifying and characterising the ulcer is essential in order 

to have an idea about the evolution, complications, treat-

ment, prognosis and healing time of the ulcer. 

First of all, you need to look closely at the body part that 

has the ulcer and palpate it to determine how tender it is 

(the more tender, the more likely there is to be infection or 

necrotic tissue). In SSc, ulcers can arise in any part of the 

body, but usually they start at the extremities of the limbs 

where the ischaemic insult is more intense and traumas and 

micro-traumas are more frequent.

So: 

1. Look at the hands (for example).

2. Look at the skin.

3. Look at the ulcer.

4. Observe all features of that ulcer and touch (palpate) it.

To classify a digital ulcer (box 1) it is important to analyse 

the following morphological features:

 • Localisation (fingertips, nail area, dorsal and palmar 

aspect of the finger),

 • Dimensions (area in square millimetres),

 • Bed of the lesion (re-epithelialisation, granulation tissue, 

fibrin, wet or dry necrosis, eschar or gangrene),

 • Exudate (low, high, pus),

 • Borders of the lesions (regular or irregular),

 • Peri-lesional skin (normal or inflamed),

 • Underlying calcinosis,

 • Oedema,

 • Bone and tendon exposure,

 • Auto amputation.

Every digital ulcer, according to the definitions proposed 

for pressure ulcers (Giuggioli et al, 2006), should be staged 

as follows:

I. Superficial: partial thickness skin loss involving the 

epidermis. The ulcer is superficial and presents clinically as 

an abrasion, blister or tiny crater.

II. Intermediate: full thickness skin loss involving 

damage to, or necrosis of, subcutaneous tissue that may 

extend down to, but not through, underlying fascia. The 

ulcer presents clinically as a deep crater with or without 

undermining of adjacent tissue.

III. Deep: full thickness skin loss with extensive destruc-

tion, or damage to muscle down over the fascia, supporting 

structures (eg, tendon, joint capsule) and bone.

These three different stages should be always identified 

during each visit, allowing a rapid and precise evaluation of 

the amelioration or worsening of a digital ulcer.

► DU derived from digital pitting scar (figures 2 and 3).
► DU hidden by a small-sized hyperkeratosis.
►  Pure DU (figure 4): a loss of epithelialisation 

and tissues involving, in different degrees, the 
epidermis, the dermis, the subcutaneous tissue and 
sometimes also the bone.

► DU derived from calcinosis.
► DU derived from gangrene.

Box 1 Digital ulcer (DU) classification (Amanzi et al, 2010)
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Complications
It is also vital to look for complications such as muscle/

bone involvement, extension/spread of infections, etc. If 

you suspect one of these complications, it is necessary to 

perform an X-ray (and possibly an MR scan) to rule out 

osteomyelitis. 

In particular, in case of infections the pivotal steps are:

 • Local treatment (described in the next section)

 • Swab to identify bacteria and prescribe antibiotics 

 • Vasodilating therapy 

 • Hyperbaric chamber 

 • Taper/withdraw immunosuppressive treatment if 

appropriate.

In case of necrosis and/or gangrene, the pivotal steps are:

 • Local treatment: take away the eschar or clean the 

necrotic part of the gangrene

 • Vasodilating therapy, intravenous and oral

 • Hyperbaric chamber

 • Taper/withdraw immunosuppressive treatment

 • Check ulnar and radial arteries.

The cause of pain must always be carefully investi-

gated and understood according to the ulcer subset and 

characteristics. In digital ulcers, pain is continuous and 

especially when severe, is linked in the large majority of 

cases to infection, whereas in digital pitting scars spon-

taneous pain always hides an underlying ulcer. In ulcers 

due to calcinosis, pain is an important symptom and can 

occur spontaneously, that is, not related to infection as 

in the digital ulcer subset. After the cause of pain is eval-

uated, it must also be adequately controlled to alleviate 

the patient’s suffering and improve quality of life (Amanzi 

et al, 2010). 

Figure 2 Digital pitting scars evolving toward ulcers.

Figure 3 Two loss-of-tissue ulcers (2nd and 4th digits), and a digital 

pitting scar on the 3rd digit.

Figure 4 Loss-of-tissue ulcers with severe evolution—the bone is 

completely exposed.
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Therapy
The management of Raynaud’s and digital ulceration 

requires potent vasodilators and a multimodal approach 

using a combination of pharmacological, local and 

surgical treatment. The aim of the treatment is to reduce 

the burden of digital ulcers and their impact on quality 

of life. This is achieved by reducing pain, restoring hand 

function, improving digital circulation, preventing infec-

tion, promoting healing of established ulcers, inhibiting 

the formation of new ulcers and/or reducing the need for 

hospitalisation and amputation.

Local treatments
The different phases of digital ulceration treatment include, 

first of all, infection/inflammation management, then 

removal of necrosis/fibrin/devitalised tissue, ensuring 

adequate humidity for the lesion and stimulating granula-

tion. It is important to debride necrotic tissue and deposits 

of calcinosis embedded under the ulcer in order to avoid 

infection and to promote wound healing (Herrick, 2013; 

Abraham and Steen, 2015). Topical application of lidocaine 

4% was well tolerated and efficient in reducing pain and 

allowing wound bed preparation during debridement of 

digital ulcers (Braschi et al, 2017).

Local treatments include:

1. Cleansing and irrigation by physiological solution with 

a 10 mL syringe with an 18 G needle using the ‘vortex’ 

technique.

2. Disinfection by sodium hypochlorite (chlorine) 5% 

left to interact for few seconds, followed by immediate 

rinsing with physiological solution.

3. Curettage with a scalpel, if an eschar is present.

4. Application of hydrogel and/or gauze and covering with 

paraffin gauze.

5. Covering the ulcer.

Systemic treatments
The focus of the treatment is maximising blood flow to the 

affected digit (Herrick, 2013). As previously described, several 

therapeutic agents are used for managing severe Raynaud’s 

phenomenon and/or digital ulcers, and most likely there is no 

single agent suitable for all patients. Along with the growing 

Summary points

•	 The pathogenesis of digital ischaemia in systemic sclerosis (SSc) is multifactorial and includes 

imbalances in neuroendocrine control mechanisms, structural changes in the vessels them-

selves (most commonly intimal hyperplasia and fibrosis) and haematological factors such as 

hyper-coagulability.

•	 In patients with digital ulceration, X-rays should be done to look for underlying osteomyelitis or 

calcinosis. Patients with SSc and severe digital ischaemia often demonstrate acro-osteolysis.

•	 Currently, there are several pharmacological therapies for the treatment and prevention of both 

Raynaud’s phenomenon and digital ulcers, including different vasoactive therapies (calcium 

channel blockers, angiotensin II receptor blockers, intravenous prostanoids, endothelin receptor 

antagonists, phosphodiesterase inhibitors) and (although there is very little evidence for these) 

antiplatelet agents and statins.

•	 The approach to managing SSc-related digital vasculopathy is multifactorial and includes:

•	 Avoidance of risk factors 

•	 Treatment of any underlying cause (eg, concomitant proximal vessel disease)

•	 Both local and systemic pharmacological treatment

•	 Surgical treatment where necessary.

•	 The different phases of digital ulceration treatment include infection/inflammation manage-

ment followed by removal of necrosis/fibrin/devitalised tissue, ensuring adequate humidity for 

the lesion and stimulating granulation.
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number of studies on SSc vasculopathy, data supporting a 

targeted, patient-tailored therapy are increasing. Selecting 

the best therapy for an SSc patient with digital ulcers can 

still be a challenge, so an informed view of evidence-based 

efficacy is helpful (table 1). The high heterogeneity of the 

available studies in terms of design, methodology, quality and 

outcome selection, is, nonetheless, a limitation which should 

be considered when interpreting the results of meta-analyses 

(Tingey et al, 2013; Garcia de la Pena Lefebvre et al, 2015). 

Furthermore, the choice of a specific agent over another can 

also be influenced by external factors like the local avail-

ability of the drug (Walker and Pope, 2011), as well as by the 

experience of the managing centre. 

The previous 2009 EULAR guidelines for the manage-

ment of SSc recommend dihydropyridine calcium blockers 

(eg, nifedipine) as first-line therapy for Raynaud’s phenom-

enon and intravenous prostanoids for severe Raynaud’s 

attacks and for active digital ulcers. The use of bosentan is 

recommended especially for patients with diffuse SSc and 

multiple digital ulcers (Kowal-Bielecka et  al, 2009). The 

guidelines were recently updated to include PDE5 inhibi-

tors for the treatment of Raynaud’s phenomenon and digital 

ulcers (Kowal-Bielecka et al, 2017). 

On this background, further attempts at standardising 

the treatment of SSc vasculopathy were published. An 

expert consensus approach recommended CCBs for the 

first-line treatment of symptomatic Raynaud’s (92% agree-

ment) and/or digital ulcers (73% agreement for prevention, 

56% agreement for treatment of active ulcers), with the 

option of adding a second-line drug if required. Suggested 

treatment algorithms for mild/severe clinical scenarios 

were developed but consensus was not always reached 

(Walker and Pope, 2012). Consensus-based, best practice 

recommendations for the management of SSc digital vascu-

lopathy in the UK were developed (Hughes et  al, 2015). 

These include three dedicated algorithms for the manage-

ment of Raynaud’s phenomenon, digital ulcers and critical 

digital ischaemia, designed to orientate the clinician in 

everyday practice (Hughes et al, 2015). 

The specific characteristics of each patient, as well as 

concomitant medications, associated risk factors, systemic 

blood pressure and comorbidities should always be 

considered to allow a good therapeutic risk/benefit ratio. 

Conclusion
Currently, despite the accumulating evidence-based data, 

the treatment of Raynaud’s phenomenon and digital ulcers 

still represents a great challenge for all physicians. First, we 

must recognise that both Raynaud’s and ulcers are a result 

of different underlying processes. Second, vascular injury is 

itself a complex process mediated by many factors that can, 

in different ways, contribute to the dysregulation of vascular 

tone and of the repair and regeneration processes. Thus, 

vascular structure and function are affected in SSc and both 

play a key role in the mechanism of tissue damage. In SSc, 

the repetitive vasospasm of Raynaud’s phenomenon and the 

structural changes of the digital vessels are the leading contri-

butory causes of ischaemic digital ulcers. The management 

of Raynaud’s and digital ulceration requires a multimodal 

approach using a combination of pharmacological, local and 

surgical treatments and should include all available tools to 

prevent or modify trigger factors underlying the development 

of these complications. Research is required to better define 

the pathogenesis of digital ulcers and thus to develop a treat-

ment algorithm to promote healing and reduce the formation 

of new ulcers (Galluccio and Matucci-Cerinic, 2010).
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Introduction

Systemic sclerosis (SSc) is a connective tissue disease char-

acterised by widespread vascular lesions and fibrosis of the 

skin and internal organs. Although cardiac involvement is 

often clinically hidden, myocardial involvement is common 

in SSc and has been estimated to occur in almost all patients 

with SSc. Once cardiac involvement is clinically evident, 

it is recognised as a poor prognostic factor. All cardiac 

tunics, endocardium, myocardium and pericardium, may 

be involved. This may result in pericardial effusion, auric-

ular and ventricular arrhythmias, conduction system 

defects, myocardial ischaemia, myocardial hypertrophy and 

heart failure. Renal and pulmonary involvement can also 

adversely affect cardiac status. This chapter focuses mainly 

on primary myocardial involvement—namely, patients 

without systemic or pulmonary hypertension and without 

significant renal or pulmonary involvement—specific to 

SSc and reflects the hallmark vascular lesion of this disease 

(Allanore and Meune, 2010).

Epidemiology and prognostic 
implications of cardiac involvement

The prevalence of cardiac disease varies depending on its 

definition. Most of the available data are based on clinical 

symptoms or common investigations such as ECG, thoracic 

X-ray examination or echocardiography. These examina-

tions and clinical evaluation are the candidate measures for 

routine cardiac assessment.

Steen and Medsger (2000) found clinical heart symp-

toms in 15% of 953 patients with the diffuse cutaneous form 

of SSc. In the 10-year follow-up they found that cardiac 

involvement explained 20% of deaths attributed to the 

disease, with the greatest effect occurring in the first 5 years, 

when 44% of deaths were cardiac or renal.

In a cohort of 1012 Italian patients, 35% had cardiac 

symptoms or arrhythmia, and cardiopulmonary deaths 

accounted for about 70% of the mortality, with cardiac 

involvement alone accounting for 36% of deaths. Multivar-

iate analysis showed that the HR for cardiac death was 1.46 

(95% CI 1.09 to 1.96) (Ferri et al, 2002).
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Clinical consequences of 
functional and pathological 
changes
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Learning objectives

•	 To describe and explain the prognostic implications of heart involvement in systemic sclerosis (SSc).

•	 To be able to identify the most important clinical signs and symptoms suggestive of heart 

involvement.

•	 To use data from the different tools available for assessing the heart.

•	 To outline the treatments available for heart involvement.
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The severity of cardiac involvement has been confirmed 

in a series of 366 Hungarian patients. Ninety-three patients 

died during follow-up and heart involvement was the cause 

of death in 26 of these 93 cases; overall, cardiopulmonary 

manifestation of disease was responsible for 65% of the 

deaths attributed to SSc (Czirják et al, 2008).

The EUSTAR database confirmed the low preva-

lence of severe heart disease but also confirmed its poor 

prognosis and impact on survival. Among 234 deaths 

registered, 128 were SSc-related and 33/128 (26%) were 

due to myocardial involvement (Tyndall et al, 2010). In 

an updated study of more than 11 000 patients and 1000 

deaths, cardiac disease including primary and secondary 

causes was responsible for 27% of deaths. During the 

same period of time, analyses of French death certificates 

showed that cardiac diseases explained 31% of deaths 

(Elhai et al, 2017).

In a large study that included 7077 patients with SSc and 

based on Doppler standard echocardiography, 383 (5.4%) 

were found to have a reduced left ventricular (LV) ejec-

tion fraction (EF). In addition, this study showed that the 

subgroup of men presenting with diffuse cutaneous SSc 

and active or past digital ulcerations (n=203 patients; 2.9%) 

were at particularly high risk of LV dysfunction (OR 3.2; 

95% CI 2.1 to 4.9) (Allanore et al, 2010).

In a meta-analysis that included 2691 patients, mostly 

of Caucasian origin, 732 deaths occurred during a mean 

follow-up of 7.3 years. This provides a pooled standardised 

mortality ratio for SSc of 3.53 (95% CI 3.03 to 4.11; 

p<0.0001). Investigations of the causes of deaths showed 

that 120 (16%) were of unknown causes and that 389/612 

deaths (64%) were considered as related, or possibly related, 

to SSc. Cardiac deaths were the most common causes of 

death (178/612 deaths; 29%), followed by lung involvement 

(144/612 deaths; 24%), cancer (98/612 deaths; 16%), kidney 

involvement (66/612 deaths; 11%), infection (45/612 

deaths; 7%) and gastrointestinal involvement (24/612; 4%) 

(Elhai et al, 2012).

The critical impact of heart involvement has also 

been highlighted recently by a report on the outcomes 

of a subset of patients recruited for stem-cell transplan-

tation therapy. In this retrospective study of 90 patients 

with SSc, five (6%) had treatment-related deaths. Four 

of these were due to cardiac events: one cardiac arrest 

during mobilisation and three sudden cardiac arrests 

during transplantation (one because of constrictive peri-

carditis and two secondary to heart failure) (Burt et al, 

2013).

Pathogenesis
SSc vascular lesions result in general impairment of the 

microcirculation. Despite the predominance of vascular 

abnormalities and documented ischaemia, the frequency of 

atherosclerotic coronary artery disease and ischaemic heart 

disease related to macrovascular involvement seems to be 

quite similar in patients with SSc to that of the general popu-

lation. Myocardial fibrosis is thought to follow repeated focal 

ischaemia. This results from abnormal vasoreactivity, with or 

without associated structural vascular disease of the micro-

circulation (Allanore and Meune, 2010). These repeated 

ischaemia–reperfusion sequences may lead to irreversible 

myocardial fibrosis over time. Typical pathological findings 

include disseminated plaques of myocardial fibrosis, normal 

epicardial coronary arteries but arteriolar concentric intimal 

hypertrophy, which leads to impaired coronary reserve.

Clinical manifestation
Symptoms of cardiac involvement are often non-specific. 

Dyspnoea, palpitations and chest pain are the most common 

symptoms. Dyspnoea usually occurs, at least at the onset, on 

exertion but may be related to primary or secondary heart 

involvement. The most common causes of secondary heart 

involvement are pulmonary vascular or pulmonary inter-

stitial diseases. Dyspnoea should be classified according to 

the New York Heart Association classification, which is a 

functional and therapeutic classification for prescription of 

physical activity for cardiac patients (table 1).

Chronic symptoms of right ventricular (RV) failure, 

including peripheral oedema and right upper quadrant 

discomfort due to hepatic congestion, occur usually in 

patients with severe pulmonary arterial hypertension, RV 

failure as a consequence of severe pulmonary involvement, 

global LV and RV dysfunction and sometimes, isolated 

primary RV involvement.

Pericarditis may also cause chest pain. Autopsy studies 

have commonly disclosed pericardial abnormalities, 

including pericarditis with or without effusion, fibrous 

or fibrinous involvement, or pericardial adhesions. Most 

often, pericarditis is asymptomatic, with symptoms being 

reported in only 7–20% of patients. Clinical disease usually 

follows one of two different patterns. Some patients experi-

ence acute pericarditis with fever, chest pain and dyspnoea. 

Others have a more chronic clinical picture with cardio-

megaly, congestive heart failure and sometimes, pleural 

effusion. Massive effusion, defined by an estimated volume 
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>200 mL, indicates a poor prognosis and may reveal renal 

crisis. Recent data also indicate a possible link between 

pericardial effusion and pulmonary arterial hypertension.

Palpitations are common and are not specific to arrhyth-

mias: the irregularity and duration of symptoms must be 

carefully assessed. Additional investigations, including 

24-hour ECG monitoring and echocardiography, are 

needed. Conduction system disease, atrial or ventric-

ular arrhythmias are well recognised complications of 

myocardial involvement. Different degrees of conduction 

abnormalities may occur—about 5% of patients with SSc 

may have a first-degree heart block, but second- or third-de-

gree heart block is unusual. Abnormalities are more often 

identified using 24-hour monitoring.

Assessment at exertion may improve the detection of 

arrhythmia. This latter condition seems to be associated 

with patients with SSc who have ventricular abnormal 

contractility or disturbed perfusion, supporting a link 

between arrhythmia and myocardial involvement. In a 

series of 183 patients evaluated by 24-hour monitoring, 

a high frequency of arrhythmia was seen (67%) and an 

increased risk of sudden death was indicated. The prog-

nosis seems even worse in patients with SSc with myopathy 

(Kostis et al, 1988).

Diagnosis and assessment of heart 
involvement
A few decades ago, radionuclide ventriculography was 

recommended for investigation of heart function. It has been 

progressively supplanted by echocardiography, but it should 

be still considered in some patients with poor echogenicity 

(<5%), and for research purposes. Doppler echocardi-

ography and clinical evaluation have been proposed as 

candidate measures for routine cardiac assessment. Indeed, 

conventional echocardiography is considered as the corner-

stone of routine care assessment, although some limitations 

have been recently suggested. However, these indexes may 

lack sensitivity and do not allow a prompt diagnosis at a 

preclinical stage, when therapeutic agents are supposed to 

be more effective.

Studies that used conventional echocardiographic 

measurements report only a few patients with depressed 

LV contractility, although up to 40% had relaxation abnor-

malities, frequent valvular regurgitation and possible RV 

involvement. In contrast, a high prevalence of reduced LV 

and/or RV contractility has been seen in patients with SSc 

with new methods, such as tissue Doppler echocardiog-

raphy (TDE)-derived indexes or MRI (Allanore et al, 2008).

TDE is a recently developed ultrasound technique that 

allows direct measurement of myocardial velocities and 

strain rate, and offers several modalities of measurements. 

These TDE indexes, in addition to conventional echo-

cardiographic measurements, were used in a controlled 

study to assess a large series of patients with SSc, free from 

pulmonary arterial hypertension or clinical symptoms 

of heart failure (Meune et al, 2008). It has been observed 

that, in comparison with controls, patients with SSc have 

a wider mean left atrial diameter, impaired LV ventricular 

relaxation, a trend towards a reduced LV ejection frac-

tion and a higher pulmonary artery pressure. In addition, 

15/100 (15%) patients had reduced LV contractility versus 

0/26 (0%) in the control group (p=0.04), 30/100 (30%) had 

impaired relaxation versus 2/26 (8%) controls (p=0.02), and 

15/100 (15%) patients had reduced RV contractility versus 

0/26 (0%) in the control group (p=0.04). TDE measure-

ments of LV contractility, RV contractility and LV relaxation 

correlated with each other, although they did not correlate 

with lung abnormalities or other disease characteristics.

Speckle tracking echocardiography (STE) is a new, 

non-invasive method for the assessment of LV global and 

regional function. It enables the tracking of myocardial 

deformation independently of both cardiac translation 

and the insonation angle and is proposed as a sensitive and 

accurate method for the evaluation of subclinical myocar-

dial dysfunction. A cross-sectional study showed that 

patients with SSc exhibit subtle LV systolic dysfunction, as 

assessed by two-dimensional STE, despite having a normal 

LV ejection fraction and LV dimensions. Furthermore, 

Class Description

I Patients with no limitation of activities; no symptoms from ordinary activities

II Patients with symptoms after considerable exercise; no limitation of daily activity

III Patients with noticeable limitation of daily activity; comfortable only at rest

IV Patients with symptoms after minimal exercise and even at rest

Table 1 New York Heart Association classification of dyspnoea.
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STE findings (LV global longitudinal and circumferential 

strains), but not conventional echocardiographic param-

eters, were independently associated with functional 

capacity as reflected by peak oxygen consumption (VO
2
) 

and ventricular arrhythmias detected by 24-hour Holter 

monitoring (Yiu et al, 2011). Prospective data on TDE and 

STE are now warranted.

These findings support the theory that abnormal LV 

and RV functions are common in SSc. Pulmonary arte-

rial hypertension is a major concern in SSc, and detailed 

cardiac investigations are justified to search for valvular 

or primary myocardial involvement in patients with the 

disease. The prognostic implications of these abnormalities 

and the effects of treatments that lower the likelihood of 

cardiac involvement are now under investigation.

A controlled study that considered other forms of 

cardiac involvement found pericardial effusion in 33/77 

(43%) patients with SSc versus 2/45 (4%) controls, but only 

11/77 (14%) had significant effusion (Maione et al, 2005). 

In the TDE study by Allanore et al (2008), 15/100 (15%) 

patients compared with 1/26 (4%) (NS) controls had peri-

cardial effusion. In addition, patients with SSc had a higher 

prevalence of aortic regurgitation than controls (18/100 

(18%) vs 0/26 (0%); p=0.02) and a trend towards more 

prevalent mitral regurgitation (48/100 (48%) vs 8/26 (31%); 

NS). However, the mechanism of valvular heart disease 

could not be identified. Valvular regurgitations were associ-

ated with age, and most patients had grade I aortic or mitral 

regurgitation, or both, which is a benign finding, and thus 

no clear conclusion could be drawn.

Single photon emission computed tomography (SPECT), 

which enables the assessment of myocardial perfusion, has 

demonstrated evidence of reversible ischaemia together 

with irreversible lesions. The use of SPECT, which is a 

qualitative or semiquantitative method, is limited in quan-

titative studies. However, cardiovascular MRI is an accurate 

quantitative method developed for the non-invasive assess-

ment of myocardial perfusion. High-resolution perfusion 

MRI techniques can be used to identify small subendocar-

dial defects and may also allow non-invasive coronary flow 

reserve determination and the morphological evaluation of 

fibrotic myocardium compared with viable tissue. Further-

more, delayed enhanced MRI (DE-MRI) may be used to 

assess the distribution and burden of myocardial fibrosis. 

Enhancement on DE-MRI, consistent with myocardial 

fibrosis, was seen in 24/36 (67%) patients with SSc in one 

series (Tzelepis et al, 2007). Thus, DE-MRI can identify 

myocardial fibrosis in a significant percentage of patients 

with SSc and may be a useful non-invasive tool for deter-

mining cardiac involvement.

The significance of contrast-enhanced MRI for indi-

cating the presence of myocardial fibrosis remains to be 

demonstrated. In an uncontrolled study of 58 consecutive 

patients with SSc, free of severe lung or renal complications 

but with longstanding disease (mean duration 12.3 years), 

myocardial fibrosis was detected in 25/58 (43%) with 

late enhancement (LE) showing a linear pattern in 16/25, 

without coronary distribution and sparing the subendo-

cardial myocardial layers. Of interest, it was observed that 

the presence of myocardial fibrosis was associated with a 

longer history of Raynaud’s phenomenon but was not asso-

ciated with age or the presence of autoantibodies. However, 

patients with LE showed a higher prevalence of ECG abnor-

malities. Finally, patients with SSc with LE did not have a 

divergent LVEF but showed a reduced RVEF. These results, 

suggesting there is some relationship between LE and 

ECG abnormalities or RV function, are important. If this 

is confirmed, it might help to identify a subset of patients 

needing more intensive cardiac follow-up (Di Cesare et al, 

2013).

Cardiac MRI also appears to be an accurate method of 

determining subclinical right myocardial involvement. It is 

under development for assessment of the right ventricle in 

secondary heart disease related to pulmonary arterial hyper-

tension. In addition, this powerful tool seems of great interest 

for the diagnosis and monitoring of myocarditis related to 

acute idiopathic inflammatory myopathy. Cardiac MRI should 

also be considered for the rare cases of myositis associated with 

SSc. Indeed, in these cases, this technique may guide towards 

the use of immunosuppressive treatments, whereas vasodila-

tory treatments—in particular, calcium channel blockers—are 

used for microcirculation impairment.

Right heart catheterisation remains the ‘gold standard’ 

when pulmonary hypertension is suspected and must be 

performed in these cases. It may clarify whether pulmonary 

hypertension relates to pre- or post-capillary increased 

pressure. In difficult cases, a loading procedure may be 

necessary during catheterisation to disclose diastolic 

dysfunction. Sometimes left heart catheterisation is needed 

if proximal coronary disease is suspected, although its rela-

tionship with SSc remains a matter of debate.

Cardiac evaluation has also been improved by the systemic 

measurement of ventricular (left and right) hormone secre-

tion. B-type natriuretic peptides are markers of myocardial 

wall stress and are therefore markers of cardiovascular 

involvement in SSc. This simple and reproducible method 
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should be used routinely in patients with SSc, particularly in 

those with dyspnoea, either to indicate that in-depth cardiac 

assessment is required or conversely, to show the presence 

of pulmonary involvement when a normal value is obtained 

(Allanore and Meune, 2009). Moreover, NT-proBNP appears 

to also be a reliable and independent predictor of mortality in 

patients with SSc (Allanore et al, 2016).

Accelerated atherosclerosis has been well described in 

inflammatory rheumatic conditions such as rheumatoid 

arthritis or systemic lupus erythematosus. Data are scarce 

in SSc but some recent reports suggest that coronary artery 

disease might be increased in SSc. Australian data from 

850 patients with SSc suggested that the OR of coronary 

artery disease was 1.9 (95% CI 1.4 to 2.4) and 2.0 (95% CI 

1.5 to 2.5) in comparison with two different large sets of 

controls (Ngian et al, 2012). The coronary artery calcium 

score (CACS) is thought to be a surrogate marker of 

cardiovascular risk. A cross-sectional study comparing 53 

patients with SSc with 106 controls showed that there was a 

significantly higher proportion of patients with SSc among 

subjects with more severe coronary calcification than 

among those with less severe calcification (56.5% vs 29.4%; 

p=0.01). Multivariate analyses revealed that SSc was an 

independent determinant for a CACS≥101 (OR 10.89 (95% 

CI 2.21 to 53.75); p=0.003) together with age and low-den-

sity lipoprotein cholesterol level after adjustment for other 

cardiovascular risk factors (Mok et al, 2011). These data 

contrast with some older information that failed to show 

accelerated atherosclerosis in SSc and instead showed that 

patients with SSc were at high risk of myocardial infarction 

with normal proximal coronary arteries. Therefore, more 

data are needed and careful investigations are mandatory to 

establish the precise cardiovascular damage in patients with 

SSc. Patients with SSc must be offered usual cardiovascular 

prevention, and classic cardiovascular risk factors should be 

evaluated in these patients, but the role of these risk factors 

in SSc remains to be determined.

Treatment
The beneficial effects of vasodilators, such as calcium chan-

nels blockers, mostly of dihydropyridine type (nifedipine, 

nicardipine), and ACE inhibitors (captopril), have been 

demonstrated in patients with SSc on both perfusion and 

functional myocardial abnormalities. These drugs greatly 

improve the vasospastic reversible component of the 

‘primary’ myocardial disease. Thus, they are recommended 

for targeting the whole range of vascular abnormalities, 

including vasospasm, and should be used at high doses 

(nicardipine 50 mg or nifedipine 20 mg three times a day), 

particularly during cold seasons. Patients with symptom-

atic/asymptomatic reduced LVEF should be treated with 

ACE inhibitors/angiotensin II blockers; in addition, use 

of calcium channel blockers such as dihydropyridine is 

preferred in these patients rather than verapamil or dilti-

azem. Digoxin is no longer recommended and diuretics 

should be used cautiously (and only in patients with fluid 

overload) because they might induce a renal crisis.

Pericarditis is common and does not require specific 

treatment in the large majority of patients. Symptomatic, 

acute pericarditis may be treated with non-steroidal anti-in-

flammatory drugs (cautiously to avoid renal failure) and/

or colchicine and, exceptionally, with corticosteroids for a 

short period. Tamponade is extremely rare and indicates a 

poor prognosis; corticosteroids at high dosage may be used, 

together with pericardiocentesis in cases of haemodynamic 

compromise when the risk of a renal crisis is high.

Cardiac rhythm abnormalities can be treated with usual 

antiarrhythmic agents, depending on the type of arrhythmia, 

but only symptomatic cases should receive drug treatment. 

Class Ia (quinidine, procainamide) and class Ib (flecaine) 

agents should not be used in patients with cardiac dysfunc-

tion or myocardial ischaemia.

β Blockers are effective but may accelerate Raynaud’s 

phenomenon. The efficacy of calcium channel blockers is 

Summary points

•	 Cardiac involvement is recognised as a poor prognostic factor.

•	 Myocardial involvement is related to repeated focal ischaemia, leading to myocardial fibrosis 

with irreversible lesions.

•	 Arrhythmias, pericarditis, systolic and diastolic left ventricular dysfunction and right ventricular 

dysfunction have been reported in systemic sclerosis.
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generally poor. Class III antiarrhythmic agents (amiodarone, 

D-sotalol) are probably the most effective drugs. Patients 

with ventricular arrhythmias should be investigated for 

possible myocardial ischaemia and/or LV/RV dysfunction. 

In addition, ablation therapy, recently developed, can be 

considered for the treatment of ventricular and supraven-

tricular arrhythmias.

For patients with symptomatic ventricular arrhythmia, 

an implantable cardioverter–defibrillator can be consid-

ered (Bernardo et al, 2011). In very rare cases myocarditis 

occurs in patients, overlapping with inflammatory myositis; 

cardiac MRI is useful in this case to differentiate between 

myocardial inflammation and ischaemia and guide the 

treatment towards immunosuppressive agents or vasodi-

lators, respectively (Allanore et al, 2006). Although poorly 

described in the literature, heart transplantation might be 

an option for end-stage primary heart disease in SSc, in line 

with reports of its use in other diseases leading to cardiac 

fibrosis such as amyloidosis or sarcoidosis (Meune et al, 

2007; Martens et al, 2012).

Conclusion
These studies demonstrate a high prevalence of ‘primary’ 

myocardial involvement in patients with SSc, both in 

the diffuse and limited cutaneous forms of the disease. 

Primary myocardial involvement is likely to result from 

the general vasospastic mechanism that is thought to 

play a key role in SSc. This would be followed by struc-

tural arteriolar lesions, leading to irreversible lesions. This 

hypothesis suggests that early treatment with vasodilators, 

such as calcium channel blockers and ACE inhibitors, 

may limit the progression of this major life-threatening 

complication of the disease.
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Introduction

Diastolic failure (ie, congestive heart failure in patients 

with a normal ejection fraction) has long been known 

to occur in patients with systemic sclerosis (SSc). Left 

ventricular (LV) diastolic dysfunction, as assessed by the 

gold standard technique (ie, cardiac catheterisation) or 

non-invasive, validated methods (angiography, Doppler 

echocardiography, tissue Doppler echocardiography) has 

been reported in asymptomatic SSc patients since the early 

1990s and is now recognised, along with right ventricular 

(RV) diastolic dysfunction, as a constitutive feature of SSc 

heart disease (Meune et al, 2010).

The concept of diastolic dysfunction

Ventricular filling occurring during diastole is charac-

terised by an early, rapid, passive phase (E) during which 

blood enters the ventricular chambers because of the 

pressure differences between the atria and the relaxed 

ventricles, an intermediate diastasis phase during which 

no blood enters the ventricular chambers, and a late, final 

phase in which blood enters the ventricles because of 

atrial (A) contraction. Diastolic dysfunction arises when 

either impaired myocardial relaxation, preventing early 

filling, or increased myocardial stiffness is present. It is 

known to occur in patients with arterial hypertension, 

valvular and ischaemic heart disease, pericardial disease, 

anaemia, thyrotoxicosis and, as evaluated by Doppler 

echocardiography, it usually occurs in subjects over 50 

years of age. When the consequently elevated filling pres-

sure overcomes the compensatory mechanisms, diastolic 

heart failure ensues (Gaash and Zile, 2004).

Pathophysiology
Diastolic dysfunction is a recognised feature of condi-

tions characterised by myocardial ischaemia or myocardial 

fibrosis, with or without myocardial hypertrophy, or both. 

Small intramyocardial coronary vessels are affected in SSc 

patients, causing concentric intimal hypertrophy associated 

with fibrinoid necrosis, and have been shown to undergo 

reversible vasoconstriction. Myocardial inflammation and 

myocardial fibrosis are the other hallmarks of SSc heart 

disease, the latter being detected by endomyocardial biopsy 

in all SSc patients and affecting 8–32% of the myocardial area 

(Mueller et al, 2015). SSc myocardial fibrosis is thought to 

follow repeated focal ischaemia and differs in many respects 

17 Diastolic dysfunction

Gabriele Valentini

Learning objective

•	 To learn the pathophysiology, detection methods, prevalence and clinical implications of diastolic 

dysfunction in systemic sclerosis.
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from that found in atherosclerotic coronary disease. It is 

not related to epicardial coronary arteries, spares subendo-

cardial layers, is not associated with haemosiderin deposits 

and has a patchy distribution involving both ventricles. On 

these grounds, diastolic dysfunction of both ventricles is 

likely to reflect primary myocardial involvement in patients 

with SSc (Allanore and Meune, 2010). In this regard, the 

recent detection of a significant association between LV 

diastolic dysfunction and serum levels of IL-6, a cytokine 

known to promote the fibrotic process in SSc, seems note-

worthy (Jurisic et al, 2013).

The development of diastolic dysfunction, however, can 

be driven by other factors associated with impaired ventric-

ular filling, either in the general population or distinctly in 

patients with SSc, such as arterial hypertension, coronary 

artery disease, pericardial disease and, especially in SSc 

patients, pulmonary hypertension.

Methods of detection
Diastolic function is dependent on the relationships 

between pressures and volumes and their respective 

changes during diastole, inside the ventricles. Therefore, 

left and right catheterisations, evaluating pressure–

volume loops, represent the gold standard for its 

assessment and constituted the only detection method 

in the 1970s (Gaash and Zile, 2004). In the 1980s, angi-

ography and Doppler echocardiography, which both 

indirectly assess diastolic function, were validated for 

that purpose. The detection of diastolic abnormali-

ties by angiography is based on evaluation of the peak 

filling rate of the ventricle, corrected for stroke volume, 

and of the contribution of atrial systole to LV filling and 

diastolic volume. The former is reduced while the latter 

is increased in patients with impaired ventricular filling. 

Conventional Doppler echocardiography, according 

to the historic paper by Appleton et  al (1988), detects 

either abnormal ventricular relaxation (ie, an alteration 

in the early diastolic phase) as indicated by an E/A ratio 

≤1 and/or a prolonged isovolumic relaxation time and/

or a prolonged mitral deceleration time or a restrictive 

pattern (ie, filling impeded by anatomical ventricular 

wall abnormalities) identified by an E/A ratio >2 or an 

E/A ratio >1 plus a shortened isovolumic relaxation time. 

The recent introduction of tissue Doppler echocardiog-

raphy (TDE) has greatly improved the sensitivity and 

specificity of non-invasive methods for the assessment 

of myocardial contractility, systolic and diastolic func-

tion. With this technique, LV contractility is investigated 

by evaluating systolic mitral annular velocity (SM), LV 

diastolic dysfunction by evaluating mitral lateral annulus 

early (E’) diastolic velocity, RV contractility by systolic 

tricuspid annular velocity (ST), and LV filling pressure 

abnormalities by the E/E’ ratio. LV diastolic dysfunc-

tion can be diagnosed when the E/E’ ratio is >15 and is 

suggested when the ratio is between 15 and 8. In the latter 

case, additional non-invasive investigations are required, 

including echo measurement of the LV mass index or left 

atrial volume index, or determination of plasma levels of 

natriuretic peptides (Paulus et al, 2007).

TDE can be used to assess both the systolic and the 

diastolic strain rates (SRSYS and SRDIA, respectively). 

At the present time, TDE is considered the best way to 

routinely assess cardiac involvement in SSc, while the eval-

uation of SRSYS and SRDIA should be confined to research 

settings (Yu et al, 2007). Recently, strain analysis by cardiac 

MRI has been introduced as a further diagnostic method 

(Dusch et al, 2014).

Prevalence
A number of studies have investigated left and right 

diastolic function in SSc by angiography, Doppler echo-

cardiography and TDE (Valentini et al, 1996; Giunta et al, 

2000; Nakajima et al, 2001; Lindquist et al, 2005; Maione 

et  al, 2005; Meune et  al, 2005; De Groote et  al, 2008; 

Meune et al, 2008; Lee et al, 2010; Valentini et al, 2011; 

D’Alto et al, 2014; Faludi et al, 2014; Spethmann et al, 2014; 

Meune et  al, 2015). Left and right ventricular diastolic 

dysfunction occurs in SSc patients more frequently than 

in age- and sex-matched controls, even in the absence of 

other confounding factors such as arterial or pulmonary 

hypertension and coronary artery disease. The prevalence 

of LV diastolic dysfunction ranges between 17% and 60%, 

the differences likely depending on epidemiological and 

clinical aspects of the series investigated.

Impaired LV relaxation is the most frequently reported 

finding, but a restrictive pattern has also been found in a 

significant percentage of SSc patients (De Groote et al, 2008). 

TDE is more specific than conventional Doppler echocar-

diography for the detection of LV diastolic abnormalities 

(Paulus et  al, 2007; Yu et  al, 2007). Using this method in 

routine care, Meune et al (2008) detected a reduced (ie, <10 

cm/s) mitral annulus E’ in 30/100 consecutive SSc patients 
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but in only 2/22 controls (p=0.022), while finding an inverted 

E/A ratio, which is an age-dependent parameter, in 50% of 

SSc patients and 23% of controls. Notably, in that study, no 

patient was found to have an E/E’ ratio >15; nevertheless, 

both the E/A ratio and E’ as determined by TDE were found 

to be predictive of LV contractility. These findings underline 

the pathological continuum of SSc heart disease, in which 

abnormal diastolic function and impaired LV contractility 

precede the development of LV systolic dysfunction, which 

has a low prevalence (Allanore and Meune, 2010; Meune 

et al, 2010). The characteristics of SSc myocardial fibrosis (in 

particular its patchy distribution involving both ventricles) 

prompted some investigators to look for RV diastolic abnor-

malities using conventional Doppler echocardiography in 77 

SSc patients and 30 controls (Giunta et al, 2000). An inverted 

(ie, <1) tricuspidal E/A ratio, indicating impaired RV filling, 

was detected in 31/77 (40%) SSc patients and 0/30 controls. 

Subsequent studies using TDE and angiography revealed 

significantly prolonged global and regional isovolumic relax-

ation times along with a reduced RV global filling time, 

underlining the impaired RV filling, and a reduced peak 

filling rate confirming RV diastolic dysfunction (Lindquist 

et al, 2005; Meune et al, 2005). A large recent, co-operative, 

French–American study on 212 patients found RV diastolic 

dysfunction in 53 SSc patients as compared with 0 controls 

and pointed out a significant association with primary 

cardiac involvement and lung vascular disease (Meune et al, 

2015).

Disease course
A few studies have investigated the course of diastolic 

dysfunction over time. In a longitudinal, retrospective 

study on 77 patients (Maione et al, 2005), the prevalence 

of an inverted mitral E/A ratio, as detected by conven-

tional Doppler echocardiography, increased from 23/77 

(30%) at enrolment to 29/77 (38%) at the end of follow-up. 

In the same study, an increased peak A velocity and 

inverted E/A ratio were first detected at baseline, while 

increased interventricular septum and posterior wall 

thickness were only detected in patients with a follow-up 

as long as 8–12 years. These findings indicate progres-

sive impairment of LV relaxation in SSc patients, which 

precedes the development of LV remodelling and hyper-

trophy. A subsequent longitudinal prospective study on 

74 SSc patients evaluated by TDE at baseline and after 3 

years confirmed these results and also found deteriora-

tion in right diastolic dysfunction and both right and left 

systolic function during this time (D’Alto et al, 2014). In 

contrast, no change in LV diastolic function was found 

in 19 SSc patients assessed by 2D speckle tracking echo-

cardiography of the left ventricle at baseline and after 2 

years (Spethmann et  al, 2014). Differences in both the 

number of patients investigated and clinical or epidemi-

ological features account for the different results. In any 

case, at present diastolic dysfunction should be regarded 

as a potentially evolutive feature of SSc.

Clinical implications
The detection of diastolic dysfunction in a patient with 

SSc has both diagnostic and therapeutic implications.

In the asymptomatic SSc patient, left and/or right ventric-

ular diastolic dysfunction is a distinctive and early sign of 

myocardial involvement: (1) a E’ <10 cm/s (ie, a parameter 

which unlike the E/A ratio is not influenced by confounding 

factors including age) has been found in 30 out of 100 

consecutive patients enrolled during routine care (Meune 

et al, 2008); (2) a reduced peak filling rate of both the left and 

right ventricles has been seen in early disease (Nakajima et al, 

2001); (3) an inverted E/A ratio, as investigated by conven-

tional Doppler echocardiography, has also been detected 

in patients with strictly defined ‘early’ SSc (ie, patients with 

Raynaud’s phenomenon and either marker autoantibody or 

distinct capillaroscopic abnormalities and no other symp-

toms/signs of SSc) as well as in patients with probable SSc 

(ie, patients with Raynaud’s phenomenon and either marker 

autoantibody or distinct capillaroscopic abnormalities and 

other SSc manifestations such as digital ulcers, telangiectasia, 

puffy fingers and/or arthritis, who do not satisfy classification 

criteria for SSc) (Valentini et  al, 2011). These results point 

out the early appearance of diastolic abnormalities during 

the course of SSc and their high prevalence when detected by 

very sensitive methods. Impaired ventricular filling has been 

found to be significantly associated with a defective systolic 

functional reserve (ie, the inability to significantly increase 

LV ejection fraction during exercise) in SSc (Valentini et al, 

1996). Since a low percentage of SSc patients present with 

an impaired LV ejection fraction (EF) at rest (Allanore and 

Meune, 2010; Meune et al, 2010) and a significantly greater 

percentage are not able to increase LVEF during exercise 

(Valentini et al, 1996), the detection of diastolic dysfunction 

can help the clinician in identifying patients with defective 

cardiac functional reserve. In the patient with pulmonary 

hypertension (PH), the detection of LV diastolic dysfunction 

indicates postcapillary PH or a postcapillary component of a 
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mixed PH in those patients with definitely increased pulmo-

nary vascular resistance and a capillary wedge pressure >15 

mm Hg. Such a finding has therapeutic consequences as 

drugs to reduce precapillary resistance, such as endothelin 

receptor antagonists, prostanoids and phosphodiesterase-5 

inhibitors, pose a potential danger.

In the general population, the finding of diastolic 

dysfunction in an asymptomatic patient is a risk factor for 

the subsequent development of congestive heart failure. 

Thus, the early identification of such a patient provides a 

window of opportunity to prevent progression of what 

appears to be preclinical heart disease and prompts the 

clinician to aggressively manage arterial hypertension as 

well as any other cause of diastolic dysfunction (Gaash and 

Zile, 2004). In the SSc patient, the detection of diastolic 

dysfunction in the absence of any confounding factor, indi-

cates the presence of myocardial ischaemia and/or fibrosis. 

Moreover, it has been recently reported to be associated 

with an increased risk of mortality (Faludi et al, 2014).

Because of the favourable influence of calcium channel 

blockers (CCB) and ACE inhibitors (ACE-inh) on myocar-

dial perfusion and function, each patient with SSc is currently 

treated from the time of diagnosis with CCB. The finding of 

better preserved LV diastolic function in SSc patients treated 

with ACE-inh compared with those prescribed CCB (Lee 

et al, 2010) suggests the rheumatologist who detects altered 

ventricular filling in an SSc patient should add ACE-inh to 

CCB while waiting for the results of long-term controlled 

studies. In that regard, the improvement in SRDIA detected 

in 18 SSc patients undergoing bosentan treatment for 4 

weeks also suggests a role for endothelin receptor blockade in 

the treatment of diastolic dysfunction in SSc (Allanore et al, 

2006). Nevertheless, long-term controlled studies are needed 

to investigate the influence of these drugs on SSc cardiac 

disease and survival. In the general population, diastolic heart 

failure is treated with ACE-inh with or without diuretics, 

angiotensin II antagonists, selective β-blockers and aldoste-

rone antagonists. Despite the absence of any evidence from 

randomised controlled trials, the same drugs can be used in 

the SSc patient, but the potential reduction of effective blood 

volume induced by diuretics and its role in the development 

of scleroderma renal crisis must be considered. Studies are 

currently being conducted in the general population, on 

drugs effective against oxidative stress (Jeong and Dudley, 

2015). Results are eagerly awaited.
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Summary points

•	 Diastolic dysfunction in asymptomatic systemic sclerosis (SSc) patients reflects myocardial 

ischaemia or fibrosis, can be associated with myocardial hypertrophy, and is either related to 

primary myocardial involvement or secondary to arterial or pulmonary hypertension.

•	 Tissue Doppler echocardiography is the recommended method for the detection of cardiac 

abnormalities, including diastolic dysfunction, in routine clinical care.

•	 The detection of diastolic dysfunction in the asymptomatic SSc patient in the absence of 

confounding factors might warrant a change in treatment.

•	 The detection of left ventricular diastolic dysfunction in the patient with pulmonary hyperten-

sion suggests the precapillary and postcapillary components of pulmonary hypertension should 

be carefully evaluated so that safe treatment can be planned.

•	 Left ventricular diastolic dysfunction is associated with an increased risk of mortality.

•	 Indirect evidence suggests the use of calcium channel blockers and ACE inhibitors in SSc patients 

with diastolic dysfunction.
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Introduction
Rhythm disorders and conduction disturbances are 

frequently reported in patients with systemic sclerosis 

(SSc), and seem to be related to primary heart involvement 

(Kahan and Allanore, 2006). Arrhythmias may be associated 

with poor outcome and represent 6% of the overall causes 

of deaths in the large EUSTAR database. Of 128 SSc-re-

lated deaths, 33 (26%) were of cardiac origin, with about 

half of them due to malignant arrhythmias (Tyndall et  al, 

2010). Several reports have described electrocardiographic 

abnormalities in SSc, although some of the physiological 

implications remain unknown (Follansbee et  al, 1985). 

However, despite this high prevalence only a few, mostly 

older, studies have investigated these disturbances.

Arrhythmias
In a study by Ferri et al (1985), a resting ECG showed one 

or more abnormal features in 22/53 (42%) patients with 

SSc. Rhythm disturbances were demonstrated in 30% of 

patients, but when 24-hour Holter ECG was performed, 

supraventricular arrhythmias were documented in 66%, 

and ventricular arrhythmias were found in 90%, with multi-

form ventricular premature beats in 40%, pairs of runs of 

ventricular tachycardia in 28%, and one or more runs of 

ventricular tachycardia in 13%. The prevalence and severity 

of ventricular arrhythmias did not correlate with clinical 

variants or with other symptoms and signs of the disease. 

A multicentre ambulatory ECG study in 183 patients with 

SSc showed ventricular ectopy in 67%, and this abnormality 

correlated with total mortality and sudden death. Episodes 

of ventricular tachycardia and supraventricular tachycardia 

were also seen in 7% and 21% of patients, respectively (Kostis 

et al, 1988). Despite the frequent occurrence of ventricular 

arrhythmias, sudden cardiac death is not common in SSc. A 

large observational study reported sudden cardiac death in 

18 (5%) of 391 deaths occurring in 1258 patients with SSc. 

The worst prognosis due to severe cardiac arrhythmias was 

significantly more common in patients with concomitant 

skeletal and cardiac muscle involvement (Follansbee et  al, 

1993).

18 Arrhythmias and conduction 
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Learning objectives

•	 To gain a new understanding of the prevalence of arrhythmias and conduction abnormalities 

and prognosis in patients with systemic sclerosis (SSc) with cardiac involvement.

•	 To better assess patients for subclinical disease made possible by the choice of diagnostic tools 

now available in routine practice.

•	 To improve quality of life in patients with SSc with cardiac involvement by early and specific 

therapeutic management.
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A broad spectrum of electrophysiological abnormali-

ties can be disclosed only by conducting invasive studies. 

Rokas et  al (1996) included in their electrophysiological 

study patients with SSc without evidence of myocardial 

involvement assessed by rest and 24-hour Holter ECG, 

echocardiography and radionuclide ventriculography, and 

without arrhythmias. They found significant supraventric-

ular or ventricular tachyarrhythmia, sinus node dysfunction 

and atrioventricular conduction delay, alone or in combi-

nation, in 57% of the patients. This high prevalence and 

the presence of more than one electrophysiological defect 

in half of the patients suggest that diffuse infraclinical 

myocardial involvement can occur from the early stages of 

the disease.

Other parameters which can be evaluated in patients 

with SSc during 24-hour Holter ECG monitoring are heart 

rate variability (HRV) and heart rate turbulence (HRT). 

HRV is a measure of cardiovascular autonomic activity, 

and its decrease after myocardial infarction is thought to be 

connected to increased cardiovascular risk. HRT describes 

a fluctuation during sinus cycle length that occurs after a 

ventricular premature beat. It is controlled by the auto-

nomic nervous system and reflects baroreflex sensitivity. 

As seen in post-infarction studies, HRT impairment is 

an independent risk factor for malignant ventricular 

arrhythmia and sudden cardiac death. Several studies have 

shown impairment of HRV and HRT in time and frequency 

domains, confirming that patients with SSc develop cardiac 

autonomic nervous system dysfunction (Bielous-Wilk et al, 

2009; Bienias et  al, 2010). Moreover, HRT seems to be a 

potentially useful tool for the identification of patients at 

risk for ventricular arrhythmia, and might be considered 

an independent risk factor for mortality in SSc, although 

further studies are warranted before routine HRT measure-

ment can be recommended in all patients with SSc (Bienias 

et al, 2010).

Conduction abnormalities
In a prospective study, 16 (32%) of 50 patients with SSc had 

resting ECG conduction abnormalities. The most common 

alteration was left bundle branch block (16%), followed 

by first-degree atrioventricular block (8%), while second- 

and third-degree atrioventricular block were uncommon 

(<2%) (Roberts et  al, 1981). In the study by Ferri et  al 

(1985), resting ECG demonstrated conduction defects in 

19%, and ST-T changes in 5%. These numbers increased 

when 24-hour Holter monitoring was used: transient ST-T 

changes rose to 34%, and conduction defects reached 33% 

but remained limited to first- or second-degree atrioven-

tricular block. Other authors showed a similar prevalence 

of conduction disturbances, but QTc prolongation, which 

can be responsible for life-threatening tachyarrhythmias, 

has also been reported (Morelli et al, 1996).

An electrocardiographic study performed in 102 

patients with SSc investigated the functional associations of 

the abnormalities found in 48 patients for whom detailed 

cardiac physiological data were available. About 50% had 

normal findings on ECG; the most common ECG abnor-

mality was isolated non-specific ST-T wave changes (14%), 

and conduction abnormalities were common (17%). Func-

tional correlations showed that a septal infarction pattern 

(5/48) and ventricular conduction abnormalities (10/48) 

were both associated with septal or anteroseptal thallium 

perfusion defects, despite normal coronary angiography 

results. Also, in those patients with normal ECG, 58% had 

thallium perfusion defects, probably representing myocar-

dial fibrosis, which was not yet functionally significant, but 

which might be a precursor of more advanced myocardial 

involvement. These data seem to be consistent with the 

hypothesis that conduction abnormalities occur as a result 

of myocardial fibrosis in the septal region, and appear to 

identify more advanced fibrotic myocardial involvement in 

patients with SSc (Follansbee et al, 1985).

Of 265 SSc patients with an average disease duration of 

2.5 years, 140 (53%) showed abnormal ECG findings. The 

most common ECG abnormality was ST-T wave abnormal-

ities, which were not associated with cutaneous subtype or 

autoantibody profile but were associated with more severe 

heart and lung involvement. 

Right bundle branch block (RBBB) was associated with 

an increased risk of mortality in this early cohort of SSc 

patients. Seventy-five patients (28%) died over a follow-up 

time of 10 years. Complete RBBB, present in seven (2.6%) 

patients, predicted a higher risk of mortality (HR 5.3; 95% 

CI 2.1 to 13.4; p<0.001). The predictive significance of RBBB 

for mortality was independent of age at enrolment, gender, 

ethnicity and risk for coronary artery disease (Draeger et al, 

2013).

In a large general population study, the presence of 

RBBB was not associated with higher overall or arrhythmic 

mortality, supporting the fact that the association between 

RBBB and mortality in the GENISOS group could be 

secondary to SSc-related lung or cardiac involvement. 

Thus, RBBB should be considered a marker of early disease 

severity.
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Pathophysiological alterations

Cardiac involvement is the result of microvascular alter-

ations, collagen overproduction by altered fibroblasts and 

complex immune system dysregulation. A variable combi-

nation of the above mechanisms leads to ischaemic, fibrotic 

and inflammatory lesions affecting all cardiac structures, 

including the cardiac conduction system. Histological 

examinations have shown the presence of patchy myocar-

dial fibrosis that can involve the conduction system in SSc 

(Ridolfi et al, 1976; Roberts et al, 1981). However, it has not 

yet been shown that fibrosis is the only factor responsible 

for the pathophysiology of these conduction defects. Ridolfi 

et al (1976) concluded that sinus node and bundle system 

fibrosis do not correlate significantly with ECG abnormal-

ities, suggesting that the conduction defects may be just a 

consequence of damaged myocardium. In contrast, other 

authors have found an association between atrioventric-

ular node fibrosis and first-degree atrioventricular block 

(Roberts et al, 1981). Interestingly, a cardiac MRI study of 

patients with SSc reported a correlation between the pres-

ence of cardiac arrhythmias, conduction disturbances and 

myocardial fibrosis (Tzelepis et  al, 2007). The frequent 

ECG abnormalities obtained by these studies indicate 

the presence of some alterations in the cardiac centres of 

impulse formation and conduction, and suggest that elec-

trical instability of the heart is an integral clinical feature of 

scleroderma heart disease (SHD) (Roberts et al, 1981).

In conclusion, fibrosis, dynamic vasospasm and inflam-

mation of the heart and small heart nerves are suggested 

as causal factors of SHD. Sympathetic autonomic nervous 

system activation resulting even from subclinical heart 

failure and subsequent recruitment of baroreceptors may 

also be important causal factors and may contribute to the 

severity of SHD (Bienias et al, 2010).

Diagnostic investigation
Standard 12-lead ECG and Doppler echocardiography 

should be performed routinely in all patients with SSc, 

even if the patient is asymptomatic. If the patient complains 

of palpitations, syncope or dizziness, the next steps must 

include exercise testing, upright tilt-table testing and 

24-hour Holter monitoring. The patient should be also 

questioned about the presence of systemic illness that 

might be associated with arrhythmias, such as chronic 

obstructive pulmonary disease, thyrotoxicosis, pericarditis 

or congestive heart failure. Measurement of HRT and HRV 

should be considered in selected patients after detailed 

clinical, echocardiographic and standard ECG Holter 

monitoring evaluations. Invasive electrophysiological 

studies are indicated in patients who have atrioventric-

ular block, intraventricular conduction disturbance, sinus 

node dysfunction, tachycardia and unexplained syncope or 

palpitations (Seferović et al, 2006).

Management
Since different classes of antiarrhythmic agents are avail-

able, and patients with SSc may have multiple organs 

involved and take concomitant drugs, choice of treatment 

must be adapted to the individual patient. Conduction 

abnormalities and arrhythmias may be an adverse effect 

of the drugs commonly used by such patients. Corti-

costeroids—in particular, a high intravenous dose of 

methylprednisolone—are associated with tachyarrhyth-

mias. Methotrexate may exceptionally induce RBBB and 

ventricular arrhythmias. Hydroxychloroquine is safer 

than chloroquine for heart conduction disorders. Some 

prokinetics may trigger serious ventricular arrhythmia or 

sudden cardiac death.

No randomised controlled trials have been conducted 

to assess the proper management of heart conduction 

Summary points

•	 Arrhythmias and conduction abnormalities are a common manifestation of cardiac involvement 

in systemic sclerosis (SSc).

•	 Arrhythmias affect the overall prognosis of patients with SSc, accounting for 6% of total deaths.

•	 Patchy myocardial fibrosis seems to be the greatest pathophysiological alteration.

•	 Treatment must be adapted to the individual patient.
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disorders in SSc, so the treatment is similar to that used for 

patients without SSc. Class Ia (quinidine, procainamide) 

and class Ib (flecainide) antiarrhythmic drugs should be 

avoided in the presence of cardiac dysfunction or myocar-

dial ischaemia. Calcium channel blockers can improve 

left ventricular function. Verapamil-like calcium channel 

blockers might be used for the treatment of supraven-

tricular arrhythmias, although their efficacy still remains 

limited. Class III antiarrhythmic drugs (amiodarone) are 

probably the most effective drugs. Digoxin is often used 

to decrease ventricular response in atrial fibrillation and 

in end-stage heart failure. Classic β-blockers are contra-

indicated in SSc, although the new molecules, such as 

metoprolol, seem to have a beneficial effect on the micro-

circulation of patients with Raynaud’s disease when given 

together with calcium channel inhibitors (Csiki et  al, 

2011). 

An implantable cardioverter-defibrillator (ICD), which 

monitors the cardiac rhythm and can deliver competing 

pacing stimuli and low- and high-energy shocks, has been 

used effectively in selected patients. It is indicated for 

treating ventricular fibrillation and medically intractable 

life-threatening ventricular tachycardia. Use of an ICD in 

patients with SSc affected by ventricular arrhythmias may 

prevent sudden cardiac death (Bernardo et al, 2011). 

The purpose of catheter ablation is to destroy myocardial 

tissue by delivering electrical energy over electrodes on a 

catheter placed next to an area of the endocardium inte-

grally related to the onset or maintenance of the arrhythmia, 

or both. Catheter ablation therapy should be considered 

as first-line therapy in patients with recurrent re-entrant 

tachycardia or atrial flutter, in patients with symptomatic, 

sustained, monomorphic ventricular tachycardia, resistant 

or intolerant to pharmacological treatment, and in patients 

with recurrent symptomatic atrial fibrillation despite anti-

arrhythmic drugs (Vacca et al, 2014).

Pacemaker implantation is the preferred treatment for 

complete heart block and other serious bradyarrhythmias 

(Seferović et al, 2006).
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Introduction

‘Primary’ systemic sclerosis (SSc) myocardial disease is 

defined as myocardial involvement in patients with SSc 

without pulmonary or systemic hypertension, and without 

significant renal or pulmonary involvement. It remains 

poorly understood but appears to be a consequence of func-

tional and structural microvascular lesions characteristic 

of SSc, leading to repeated ischaemia–reperfusion injury 

and fibrosis of the myocardium. It can be demonstrated in 

almost all patients with SSc using sensitive techniques such 

as single photon emission computed tomography (SPECT), 

radionuclide ventriculography, tissue Doppler echocardiog-

raphy (TDE) and MRI (Kahan et  al, 1985; Hachulla et  al, 

2009; Meune et al, 2010). It is often asymptomatic but when 

clinically evident, indicates a poor prognosis with a 5-year 

survival rate as low as 30% and is responsible for 15–29% 

of all deaths in patients with SSc (Steen and Medsger, 2007; 

Komócsi et al, 2012; Fernandez-Codina et al, 2017).

Epidemiology
The prevalence of abnormal myocardial microvasculature 

in SSc is dependent on the method of detection and ranges 

from 10% to 25% for clinically evident heart disease to 80% 

for abnormal myocardial perfusion on cardiac MRI (Rodri-

guez-Reyna et  al, 2015). The prevalence of myocardial 

fibrosis may be even higher even in the absence of symp-

toms, based on autopsy studies (Sandmeier et  al, 2015). 

Clinically evident cardiac involvement is more prevalent in 

diffuse cutaneous SSc (Ferri et al, 2002; Allanore et al, 2010; 

Fernandez-Codina et al, 2017). Other risk factors for cardiac 

involvement include male sex, black ethnicity, older age at 

disease onset, tendon friction rubs and peripheral myositis. 

In contrast to the increased frequency of coronary athero-

sclerosis in systemic lupus erythematosus and rheumatoid 

arthritis, the prevalence of the involvement of the large coro-

nary arteries in SSc remains the subject of debate (Au et al, 

2011; Ngian et al, 2012). The prevalence of atherosclerosis 

seems to be similar, or slightly increased, in comparison with 
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Learning objectives

•	 To understand how microvascular involvement can affect the heart in systemic sclerosis (SSc).

•	 To learn about the effects of microvascular lesions on myocardial perfusion and function.

•	 To be able to make a diagnosis of myocardial disease and its sequelae in SSc based on history, 

examination and the interpretation of investigations.

•	 To be familiar with the newer tools for investigating myocardial involvement in SSc.

•	 To learn about the effects of vasodilators on primary heart disease in SSc.

•	 To be able to manage the consequences of myocardial involvement in SSc.
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that in the general population, particularly in patients with 

the anti-centromere antibody. Subclinical atherosclerosis, 

based on increased arterial wall stiffness and carotid inti-

ma-media thickness and reduced coronary flow reserve on 

dipyridamole echocardiography, has been found to be more 

prevalent in patients with diffuse cutaneous SSc compared 

with controls (Turiel et al, 2013). Nonetheless, patients with 

SSc, even with angiographically normal epicardial coro-

nary arteries, have a nearly two-fold increased risk of acute 

myocardial infarction (Ungprasert et al, 2014), suggesting 

microvascular lesions could be important in the pathogen-

esis of ischaemic heart disease in SSc. Other manifestations 

of SSc, such as pulmonary arterial hypertension, and unre-

lated co-morbidities can contribute to decline in cardiac 

function, especially in older patients.

Functional and structural 
abnormalities of the small coronary 
vessel circulation
The vascular lesions found in the skin and kidneys of 

patients with SSc are believed also to occur in the microcir-

culation of the heart. Abnormal vasoreactivity followed by 

irreversible structural changes in small myocardial arteries 

and arterioles are presumed to cause repeated ischaemia–

reperfusion injury. The aetiology of myocardial vascular 

lesions is unknown but as is the case with the vascular 

lesions elsewhere in SSc, endothelial damage, inflamma-

tory cell infiltration and dysregulation of angiogenesis may 

contribute to obliteration of myocardial capillaries. Inter-

estingly, concentric intimal hypertrophy of intramural 

coronary arteries and contraction band necrosis unrelated 

to epicardial coronary artery stenosis have been observed 

histologically in the myocardium. Repeated ischaemia–

reperfusion abnormalities may also lead to myocardial 

fibrosis, typically in the subendocardial layer (Meune et al, 

2010). 

Importantly, vasospasm of the small coronary arteries 

or arterioles is postulated to play a major role in the early 

myocardial abnormalities in patients with SSc. Functional, 

reversible abnormalities of myocardial perfusion were first 

demonstrated using thallium-201 single photon emission 

computed tomography (SPECT), either at rest or after 

exercise or cold stimulation (Follansbee et al, 1984; Kahan 

et al, 1986; Meune et al, 2010) (figure 1). In an early study 

of SSc patients with exercise-induced perfusion defects, 

coronary angiography was normal (Follansbee et al, 1984). 

Exercise-induced perfusion defects observed by scintig-

raphy were predictive of subsequent cardiac disease or 

death (Steen et al, 1996). Myocardial perfusion defects have 

also been identified using echocardiography, cardiac MRI 

and cardiac catheterisation.

Evidence for irreversible structural changes in the 

myocardial microcirculation playing a role in myocardial 

ischaemia comes from studies demonstrating reduced 

coronary flow reserve. This has been observed at cathe-

terisation in SSc patients with the diffuse cutaneous form 

of the disease and clinically evident myocardial involve-

ment (Kahan et al, 1985). At rest, the mean coronary sinus 

blood flow was not significantly different from that in 

control subjects. However, after maximal coronary artery 

vasodilatation with intravenous dipyridamole, the coro-

nary vasodilator reserve was strikingly reduced. Coronary 

angiograms were normal but endomyocardial biopsies 

showed fibrotic tissue and typical SSc vascular lesions with 

concentric intimal hypertrophy. These results, combined 

with myocardial metabolic evaluation, suggested that 

despite normal epicardial coronary arteries, structural 

abnormalities of small coronary arteries or arterioles were 

responsible for the reduced coronary flow reserve (Kahan 

et al, 1985). 

In contrast, an intracoronary pressure wire study 

suggested that reduced coronary flow reserve might be 

attributable to a decrease in the basal myocardial resis-

tance—that is, with lower arteriolar tone and accelerated 

coronary flow velocity rather than irreversible structural 

changes. However, this study assessed neither myocardial 

metabolism nor myocardial perfusion, which might explain 

the differences in interpretation of the potential mecha-

nisms of reduced coronary flow reserve (Pintér et al, 2011). 

Non-invasive studies using contrast enhanced TDE before 

and after adenosine infusion have confirmed impaired 

coronary flow reserve in patients with SSc with no clini-

cally apparent cardiac involvement, especially in patients 

with the diffuse form of the disease (Montisci et al, 2003). 

It has also been demonstrated that impaired coronary flow 

reserve assessed by contrast-enhanced Doppler echocar-

diography, occurs in SSc patients with normal epicardial 

coronary arteries (Vacca et al, 2006).

The extent to which fixed abnormalities of small coro-

nary arteries and arterioles contribute to reduced coronary 

flow reserve in patients with SSc, in addition to reversible 

vasospasm of these vessels, remains unclear, but these 

lesions should be considered ‘late’ events and presumably 

contribute to progressive diffuse myocardial fibrosis.
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Several studies have demonstrated the beneficial effect 

of vasodilator drugs on myocardial perfusion, empha-

sising the important role of reversible vasospasm of the 

small coronary arteries. After intravenous dipyridamole, 

and after treatment with nifedipine, nicardipine or capto-

pril, improved myocardial perfusion was seen in patients 

with SSc using thallium-201 SPECT (Kahan et  al, 1986; 

Meune et al, 2010) (figure 1). Some myocardial perfusion 

defects were reversible, whereas others remained fixed. 

These results might also be explained by the coexistence of 

ischaemic lesions accessible to reperfusion after small coro-

nary artery vasospasm, combined with areas of irreversible 

microvascular lesions or myocardial fibrosis (Meune et al, 

2010). The beneficial effect of nifedipine on myocardial 

perfusion and metabolism in patients with SSc has also 

been shown using positron emission tomography (Duboc 

et al, 1991).

Nifedipine-induced improvement was confirmed using 

cardiac MRI, with a significant increase in the global 

perfusion index (Vignaux et al, 2005). Likewise, the bene-

ficial effect of bosentan, an oral dual endothelin receptor 

antagonist, on myocardial perfusion has been demonstrated 

with cardiac MRI in patients with SSc (Allanore et al, 2006).

Abnormalities of myocardial function
Abnormalities of myocardial function (see chapters 16, 

17) are thought to occur in response to vasospasm of small 

coronary arteries and arterioles with or without the later 

structural abnormalities. Fibrotic lesions, characteristic of 

late myocardial involvement in SSc, are patchy, distributed 

in both ventricles and are not consistent with large coronary 

artery distribution (Meune et al, 2010). Depressed myocar-

dial contractility leading to systolic or diastolic dysfunction 

can occur early in the disease, many years before becoming 

clinically evident. Although advanced myocardial fibrosis 

may result in congestive heart failure, overt left ventricular 

failure is less common than diastolic dysfunction. Involve-

ment of the right ventricle is common in SSc, even in the 

absence of pulmonary arterial hypertension.

Several studies, using radionuclide ventriculog-

raphy, have found a decreased global left ventricular 

Figure 1 Thallium scintigraphy showing severe microvascular impairment in a patient with systemic sclerosis. Severe heterogeneous 

myocardial fixation with diffuse patchy defects (A) and slight improvement after nicardipine intake (B). Reprinted with permission from 

Allanore and Meune (2010).
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ejection fraction (LVEF) in a minority of patients, although 

segmental dysfunction or exercise-induced dysfunction 

was more prevalent (Kahan et  al, 1990). With improved 

echocardiographic techniques, diastolic dysfunction in SSc 

has become more easily detectable. TDE, an ultrasound 

technique that is a more sensitive indicator of myocar-

dial contraction than conventional 2D echocardiography, 

allows direct measurement of myocardial velocities and 

strain rate. Patients with SSc with a normal cardiac exam-

ination, pulmonary artery pressure and radionuclide LVEF, 

had lower systolic and diastolic strain rates than matched 

controls (Meune et al, 2010).

In patients with diffuse cutaneous SSc, the group with 

thallium perfusion defect scores above the median had 

a significantly lower mean LVEF, and all patients with 

abnormal resting LVEF had thallium scores above the 

median (Steen et al, 1996), indicating a link between myocar-

dial perfusion abnormalities and myocardial dysfunction. 

A beneficial effect of vasodilators on myocardial dysfunc-

tion has also been demonstrated. Nicardipine significantly 

improved global LVEF and segmental abnormalities (Kahan 

et  al, 1990). Nifedipine significantly increased segmental 

(posterior wall) systolic and diastolic strain rates assessed 

by TDE (Vignaux et al, 2005). These results, together with 

increased perfusion seen on MRI, suggest that an increase 

in myocardial perfusion might be the main determinant 

of the increased contractility, highlighting the beneficial 

effects of dihydropyridine calcium channel blockers on 

global intrinsic myocardial function. 

Clinical presentation and diagnostic 
work-up
The clinical features of SSc cardiac disease are highly 

variable, ranging from asymptomatic to presentations 

associated with high mortality. Microvascular and myocar-

dial fibrotic lesions are often clinically silent or lead to 

non-specific symptoms such as fatigue and dyspnoea that 

may be attributed to other disease manifestations such as 

interstitial lung disease or pulmonary hypertension. In a 

small proportion of patients, a reduction in coronary flow 

reserve due to microvascular abnormalities of small coro-

nary arteries or arterioles can lead to symptoms of angina 

pectoris and myocardial infarction, confirmed by raised 

serum troponin and typical ischaemic changes on ECG, 

despite normal coronary arteries on arteriogram. Patients 

with other microvascular manifestations of SSc, such as 

digital ulcers and more severe and progressive skin disease, 

are more susceptible to impaired myocardial perfusion. 

Asymptomatic systolic and diastolic dysfunction of both 

ventricles due to advanced myocardial fibrosis may even-

tually lead to overt congestive cardiac failure with dyspnoea 

and peripheral oedema. Reduced left ventricular systolic 

function has been associated with male sex, age, digital 

ulcerations, myositis and lack of treatment with calcium 

channel blockers but not conventional cardiovascular risk 

factors in SSc patients (Allanore et al, 2010).

The role of myocardial inflammation, or myocarditis, 

in myocardial dysfunction in SSc is unclear. In a cohort of 

181 SSc patients, seven presented with recent onset cardiac 

symptoms disease. All had mildly elevated cardiac enzymes 

and on endomyocardial biopsy, upregulation of adhe-

sion molecules, infiltration by activated T cells and in six, 

myocyte necrosis, suggestive of myocarditis.

Myocardial microvascular dysfunction may also cause 

palpitations and syncope due to arrhythmias and conduc-

tion defects. Resting ECG and 24-hour Holter ECG 

demonstrate conduction defects and/or tachyarrhythmias 

in up to 60% of SSc patients with no cardiac symptoms. 

Conduction abnormalities such as PR interval prolonga-

tion, left bundle branch block and atrioventricular block as 

well as non-specific ST-T wave changes occur in up to 30% 

of SSc patients. The conduction tissues of the heart appear 

to be less sensitive to direct ischaemic injury and fibrosis 

is uncommon in these tissues, so these ECG abnormali-

ties may also be a consequence of reduced perfusion and 

fibrosis within the myocardium. On the other hand, they 

are not specific for these myocardial changes per se as these 

patients are more likely to have reduced left ventricular 

function and left atrial dilatation or pulmonary hyperten-

sion, both of which may contribute to arrhythmias and 

conduction defects. Ventricular ectopy occurs in up to 90% 

of patients with SSc. Although significant ventricular tachy-

cardia occurs in approximately 10% of patients with SSc, 

sudden death occurs infrequently.

The abnormalities identified by conventional cardiac 

investigations such as ECG, 2D echocardiography and 

ventricular scintigraphy are often non-specific. Functional 

assessment of myocardial perfusion with thallium-201 

SPECT, at rest or with exercise or cold stimulation, can 

identify reversible or fixed perfusion defects in up to 50% 

of patients with SSc, especially in symptomatic patients, 

although the results are only semiquantitative. Cardiac 

MRI is the gold standard for assessing ventricular volumes 

and ejection fraction and it is also an accurate, quantitative 
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and sensitive method for the non-invasive assessment of 

tissue morphology (eg, myocarditis or burden of fibrosis), 

myocardial perfusion and coronary flow reserve. Myocar-

dial inflammation may be detected on T2-weighted imaging 

and early T1-weighted imaging (Ntusi et al, 2014), even in 

around 10% of asymptomatic SSc patients (Mavrogeni et al, 

2017). 

Stress cardiac MRI after infusion of adenosine provides 

an indication of perfusion. Subendocardial perfusion 

defects on high-resolution perfusion MRI scan, which do 

not correspond to any epicardial coronary artery distri-

bution, are highly suggestive of abnormal myocardial 

microvasculature and, in one study of 62 patients with SSc, 

were found in 79% of patients (Rodriguez-Reyna et al, 2015). 

In this study, myocardial fibrosis was also detected in 45% 

of patients, using late gadolinium enhancement imaging 

(LGE). LGE has become the gold standard for detecting 

and quantifying focal myocardial fibrosis which has been 

associated with left ventricular failure and arrhythmias. As 

it relies on differential uptake of gadolinium in fibrotic and 

adjacent non-fibrotic tissue, traditional LGE may be less 

sensitive for the diffuse myocardial fibrosis of SSc that can 

be identified in up to 25% of patients. Myocardial fibrosis 

has been reported to be more prevalent and widespread in 

patients with diffuse SSc (Rodriguez-Reyna et  al, 2015), 

although with the advent of more sensitive imaging tech-

niques, it has become apparent that patients with limited 

SSc have a similar prevalence of cardiac disease. Newer 

cardiac MRI techniques have been used in patients with 

SSc demonstrating increased T1 values and larger areas 

of myocardial involvement detected by T1 mapping and 

increases in the extracellular volume, that, in the absence of 

myocardial oedema, is assumed to be due to expansion of 

myocardial collagen (Hromádka et al, 2017). 

Doppler echocardiography is used commonly to identify 

the consequences of myocardial fibrosis including systolic 

and diastolic dysfunction of either ventricle but like ventric-

ular scintigraphy, it lacks sensitivity for intrinsic myocardial 

involvement. Pulsed TDE, particularly employing valve 

annulus Doppler velocities, and strain rate imaging are 

more sensitive for both left and right ventricular impaired 

contractility and stiffness, which correlate with myocardial 

fibrosis, but are not widely available outside the research 

setting. Speckle-tracking echocardiography is a newer 

technique for measuring left ventricular myocardial strain 

and markers of pre-clinical myocardial involvement in SSc 

that have been associated with fragmented QRS complexes 

on ECG (Tigen et al, 2014) and adverse cardiac outcomes 

(Saito et  al, 2018). Right and left cardiac catheterisation 

should be considered in patients with unexplained cardiac 

symptoms or reduced exercise tolerance. 

Subendocardial cardiac biopsy is rarely performed but 

may reveal typical SSc vascular lesions with concentric 

intimal hypertrophy and fibrotic changes in the subendo-

cardial layer, which is typically spared in atherosclerotic 

disease, but with none of the haemosiderin deposits seen 

in the latter. 

Conventional markers of myocardial ischaemia such as 

creatine phosphokinase and troponin may be elevated in 

patients with reduced myocardial perfusion in the absence 

of macrovascular coronary disease, often with ventricular 

dysfunction or myocarditis (Nordin et  al, 2017). Suben-

docardial perfusion defects have been associated with 

raised ultra-sensitive C-reactive protein levels (Rodri-

guez-Reyna et  al, 2015). Another potential biomarker 

for SSc heart disease, NT-proBNP, is a useful indicator of 

right heart strain and a prognostic marker in pulmonary 

arterial hypertension. It also correlates inversely with left 

ventricular function. It is not specific for myocardial micro-

vascular dysfunction but may be a useful tool for detecting 

any cardiac involvement in SSc and for monitoring cardiac 

status over time. Novel biomarkers that correlate with 

cardiac MRI parameters of diffuse fibrosis include a factor 

secreted by activated macrophages that regulates connec-

tive tissue metabolism, growth differential factor 15 and 

galectin-3, that may be a mediator of cardiac fibrosis 

(Hromádka et al, 2017).

Treatment
There is no definitive therapy for SSc cardiac disease but 

recent UK Systemic Sclerosis Study group guidelines for the 

management of cardiac disease in SSc provide guidance for 

early detection and the use of pharmacological and device 

therapies (Bissell et al, 2017). Clinically evident myocardial 

ischaemia should prompt investigations for atherosclerotic 

coronary artery lesions and even if absent, traditional risk 

factors such as smoking, hypertension and hyperlipidaemia 

should be addressed. Statins and anti-anginal therapy 

including newer agents such as ranolazine and ivabradine 

have been used, in preference to beta blockers, which are 

relatively contraindicated due to their vasoconstrictive 

effects.

If altered myocardial microcirculation is suspected, a 

calcium channel blocker of the dihydropyridine type should 

be commenced although there are no large-scale randomised 
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studies confirming improvement in cardiac outcomes for 

any therapies. As well as improving the early vasospastic 

reversible component of the ‘primary’ SSc myocardial 

disease in small studies, calcium channel blockers may 

be protective against left ventricular systolic dysfunction. 

Most importantly, the long-term use of calcium channel 

blockers appeared to be protective against left ventricular 

dysfunction in a large series of 7073 EUSTAR patients 

with SSc (Allanore et  al, 2010). The beneficial effects of 

other vasodilators, such as ACE inhibitors, angiotensin 

receptor blockers and the endothelin receptor antagonist, 

bosentan have also been demonstrated in patients with 

SSc. Phosphodiesterase-5 inhibitors such as sildenafil have 

not been widely used for this indication although there is 

some evidence of protection against myocardial ischaemia–

reperfusion injury in animal models (Wang et  al, 2015). 

Intravenous prostanoids should be used with caution as it 

has been reported that they may increase the risk of isch-

aemic cardiovascular events in patients with SSc. 

The place of immunosuppressive therapy is unclear. Case 

reports of a reduction in symptoms, ventricular dysfunction 

and serum levels of CPK and troponin following cyclophos-

phamide suggest that it should be considered in patients 

with life-threatening ventricular dysfunction and elevated 

cardiac biomarkers (Pieroni et al, 2014), even in the absence 

of myocarditis on cardiac MRI (Vasta et al, 2014). Interest-

ingly, a proportion of these patients also have a low-grade 

myositis of skeletal muscle suggesting that their myocardial 

disease may, in part, be immune-mediated. On the other 

hand, no benefit from immunosuppressive therapy for 

cardiac disease was demonstrated in the EUSTAR cohort 

(Allanore et  al, 2010). The UK Systemic Sclerosis Study 

group guidelines recommend corticosteroids or immu-

nosuppressive therapy be considered in SSc patients with 

myocardial fibrosis if there is a progressive decline in func-

tion over time (Bissell et al, 2017).

The identification and treatment of other cardiac mani-

festations of SSc such as pulmonary hypertension that 

may co-exist with myocardial involvement are essential. 

Conventional therapies for left ventricular systolic dysfunc-

tion include ACE inhibitors and angiotensin receptor 

blockers. Supportive therapies include diuretics and digoxin 

for diastolic dysfunction as well as oxygen supplementation 

and correction of anaemia. Mechanical support devices 

may be necessary. Cardiac transplantation could be consid-

ered in rare patients with few other features of SSc.

Summary points

•	 Primary scleroderma myocardial disease is common in patients with systemic sclerosis (SSc) without 

pulmonary or systemic hypertension, and without significant renal or pulmonary involvement.

•	 An increasing body of evidence, using invasive and non-invasive techniques, suggests that 

myocardial involvement is due, at least in part, to early abnormal vasospasm, with or without 

associated structural abnormalities, of the small coronary arteries or arterioles, followed by 

myocardial fibrosis.

•	 Myocardial involvement contributes to both right and left ventricular systolic and diastolic 

dysfunction.

•	 The clinical features of SSc cardiac disease are highly variable, ranging from asymptomatic to 

presentations associated with high mortality such as myocardial infarction and congestive heart 

failure.

•	 Multiple studies have shown that vasodilator drugs have a beneficial effect on myocardial perfu-

sion abnormalities, emphasising the potential role of reversible vasospasm of the small coronary 

arteries.

•	 Other therapies such as immunosuppression are largely used empirically.

•	 Conventional therapies for ventricular dysfunction such as diuretics for diastolic dysfunction and 

ACE inhibitors for systolic dysfunction, may be necessary.
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Conclusion
‘Primary’ myocardial involvement is a frequent and early 

finding in patients with SSc, in both the diffuse and limited 

cutaneous forms of the disease. It probably results from the 

general vasospastic mechanism that is thought to play a 

major role in SSc. Vasospasm of the small coronary arteries 

or arterioles could impair perfusion and function, initially 

in a reversible manner. This would be followed by struc-

tural coronary arteriolar lesions, leading to irreversible 

myocardial changes including fibrosis. Early treatment 

with vasodilators, such as calcium channel blockers, ACE 

inhibitors and an endothelin receptor antagonist, have been 

shown to improve myocardial perfusion and function. 

Long-term treatment with vasodilators, such as calcium 

channel blockers, which appear to be protective against left 

ventricular dysfunction, might limit the progression of this 

major life-threatening complication of SSc.
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Anatomical considerations
The human pericardium is composed of two layers, the 

visceral and the parietal pericardium. The visceral peri-

cardium is a single sheet of mesothelial cells covering 

the myocardium. This mesothelial layer reflects back at 

the origin of the great vessels, continuously covering the 

internal surface of the parietal pericardium as well. The 

space between the two layers normally contains about 50 

mL of lubricating serous fluid. The parietal pericardium is 

attached to the diaphragm, to the sternum and to the struc-

tures of the mediastinum via fibrous ligaments that ensure 

a relatively stable position of the heart in the chest cavity 

regardless of body movement and respiration.

The parietal pericardium consists largely of acellular 

tissue, about 2 mm thick, which contains elastin and 

collagen fibres so arranged that the intrapericardial space 

can increase to a certain extent. However, with further 

stretching, straightening of the fibre bundles results in 

increased stiffness. The consequence of this is a mecha-

nism reflected by a distinctive volume-pressure association. 

Increasing volume in the pericardium results initially in a 

minimal pressure rise. However, after reaching a threshold, 

a further increase in volume produces an abrupt pressure 

increase. This transition is in the range of normal cardiac 

volume, and thus the pericardial sac has a limited reserve 

volume. The steepness of the volume-pressure curve 

explains why once a critical volume level is reached, even 

a small further increase results in a disproportional rise in 

pressure. The pressure on the cardiac surface is transferred 

to the cardiac cavities, thus interfering with cardiac func-

tion. However, removal of small amounts of fluid in cases 

of cardiac tamponade may result in striking improvement.

The pressure exerted by the pericardium is proportion-

ally more important for the right side of the heart, where 

normally the filling pressures are lower.

Pericardial constraint arises when the pericardial reserve 

volume is exceeded. This manifests in increased diastolic 

interaction, where right- and left-sided filling pressures 

equilibrate at raised levels, and a paradoxical pulse and an 

inspiratory increase in systemic venous pressure (Kussmaul 

sign) evolve. In cases of chronic cardiac dilatation, as in 

dilated cardiomyopathy or regurgitant valvular disease, a 

retraining effect does not usually occur. This implies that 

there is chronic adaptation of the pericardium to the increase 

in the cardiac volume. In chronic volume overload, the 

20 Pericarditis in systemic 
sclerosis
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Learning objectives

•	 To define the different aetiologies and clinical forms of pericarditis.

•	 To define the pathological features of pericarditis occurring in systemic sclerosis (SSc).

•	 To elucidate the role of pericarditis in patients with SSc.
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pericardium becomes more compliant with an increasing 

pericardial area and mass, resulting in a relatively smaller 

effect on the diastolic function. The mechanisms involved 

include apparent growth of the pericardial tissue in response 

to chronic stretch. A similar mechanism may be exerted by 

a slowly accumulating pericardial effusion, which typically 

does not provoke tamponade.

Acute pericarditis
Many diseases involving several mechanisms may affect the 

pericardium. Pericarditis is defined as acute if symptoms 

and signs have lasted for <2 weeks. Acute pericardial effu-

sion may be provoked by infections of diverse origin (viral, 

bacterial), several drugs, various tumours, diverse forms 

of trauma (irradiation, post-myocardial infarction) and 

inflammation in patients with connective tissue diseases 

including lupus, rheumatoid arthritis and systemic scle-

rosis (SSc) (table 1). However, no specific trigger can be 

identified in some cases, which are therefore considered 

idiopathic.

Clinical presentation
Pericarditis may run a clinically silent course; however, in 

a typical case different symptoms representing different 

stages may appear. Initially, together with non-specific 

signs such as fever, anxiety, reduced physical capacity and 

weakness, inflammation of the mesothelial layer produces 

chest pain varying in intensity with position and respiratory 

movement. Auscultation may reveal pericardial friction 

rub, whereas the ECG shows concave ST segment elevation. 

ST segment elevation often starts after an S wave, with the 

ventricular complex and the T wave remaining unchanged. 

However, the differential diagnosis is often not straightfor-

ward. At this stage echocardiography may be of little value. 

Laboratory values may also show signs of inflammation 

such as mild leucocytosis, and increased C-reactive protein 

concentrations and erythrocyte sedimentation rate as well 

as raised levels of cardiac necrosis markers like troponin or 

creatine kinase-MB.

With the development of pericardial effusion, the 

pain and friction rub disappear. In parallel with these 

processes, the heart sounds become softer, and the apical 

pulse flattens or disappears. An ECG shows low voltage 

due to the isolating effect of the fluid. As the increasing 

pressure interferes with right heart filling, results in 

widening of the jugular veins, and causes a Kussmaul 

sign, thus compromising cardiac function, tachycardia 

with hypotension evolves. Echocardiography can be used 

for verification and for volume assessment of the pericar-

dial effusion. However, it cannot be used to differentiate 

between the various forms of effusion (serous, purulent 

and haemorrhagic).

In most cases, acute pericarditis heals without leaving any 

recognisable damage. However, in some patients, persisting 

inflammation results in fibrin deposition on the pericardial 

tissues that may lead to the chronic haemodynamic effects 

of pericardial constriction.

Pericarditis associated with SSc
Postmortem studies report pericardial involvement in 

33–72% of patients with SSc (McWhorter and LeRoy, 

1974). The pathological changes include fibrinous pericar-

ditis, chronic fibrous pericarditis, pericardial adhesions and 

Table 1 Categories of acute pericarditis and their specific causes.

Categories Specific aetiologies

Idiopathic

Immune-inflammatory Connective tissue diseases: lupus, rheumatoid arthritis, systemic sclerosis, mixed

Infectious Viral: HIV, EBV, hepatitis B, CMV
Bacterial: Mycobacterium tuberculosis, Pneumococcus, Staphylococcus, Streptococcus, mycoplasma, 
Borrelia burgdorferi, Haemophilus influenzae, Neisseria meningitidis and several others

Drugs Procainamide, hydralazine, isoniazid, ciclosporin

Trauma* Early and late (Dressler) post-myocardial infarction or after cardiotomy
Radiation induced

Tumours Breast and lung carcinoma, lymphomas, Kaposi sarcoma

Uraemia

*Gross blunt or penetrating trauma typically presents as haemopericardium as in aortic dissection or in myocardial rupture related to 
myocardial infarction or to device/procedure-related injuries.
CMV, cytomegalovirus; EBV, Epstein–Barr virus; HIV, human immunodeficiency virus.
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pericardial effusions. It is of note that symptoms of peri-

carditis occur in only 7–20% of patients, while most cases 

remain asymptomatic (McWhorter and LeRoy, 1974). The 

clinical presentation includes a wide variety of signs and 

complaints, ranging from asymptomatic pericardial effu-

sion, incidentally revealed by echocardiography, to severe 

fluid accumulation that rarely requires prompt intervention 

or may lead to fatal cardiac compromise (Astigarraga et al, 

1990; Nabatian et al, 2007).

Histological investigation of 44 autopsy samples revealed 

chronic pericarditis in 77.5% of the patients with SSc, but in 

only one of the age- and sex-matched controls. The charac-

teristic changes of uraemic pericarditis were not seen. The 

degree of fibrosis was greater in those with SSc, although 

numbers of mast cells, thought to be important in fibro-

genesis, were similar in both groups. Myocardial fibrosis 

was seen in 37.5% of patients with SSc but in none of the 

controls. The results indicate that in patients with sclero-

derma, pericarditis may be a primary disease rather than 

secondary to uraemia. Rarely, constrictive pericarditis is 

also reported as cause of death among patients with SSc 

(Jacobsen et al, 1998; Tyndall et al, 2010).

Echocardiographic data from controlled clinical studies 

have provided additional information about the prevalence 

of pericardial effusion. An Italian controlled study found 

pericardial effusion in 33/77 (43%) patients with SSc versus 

2/45 (4%) controls, but only 11/77 (14%) had significant 

effusion (Maione et  al, 2005). In a French study, 15/100 

(15%) patients compared with 1/26 (4%) (NS) controls had 

pericardial effusion. Therefore, when systematic echocar-

diography is used, pericarditis is a common finding, but 

typically not haemodynamically significant (Meune et  al, 

2008).

Pericarditis associated with uraemia
Although in most cases the pericardial changes seen are 

primary, it has been suggested that in some cases they are 

secondary to uraemia, which is often seen in end-stage SSc 

(Biholong et al, 2009). Histological characteristics in uraemic 

pericarditis include fibrinous exudates and an acute inflam-

matory response. These features can be seen in patients with 

SSc with evidence of renal failure (Byers et al, 1997).

Pericarditis can sometimes exhibit a more chronic clin-

ical picture with cardiomegaly, congestive heart failure 

and, on occasion, pleural effusion. In this last group, renal 

crisis may occur, although it is unclear whether the pericar-

ditis precedes the renal failure and/or the treatment used 

for pericarditis, including diuretics and corticosteroids, 

induces the scleroderma renal crisis. Massive effusion, 

defined by an estimated volume >200 mL, carries with it 

a poor prognosis. Pericarditis may be a sign of overall 

disease activity and progression and may, therefore, herald 

renal involvement. On the other hand, a large pericardial 

effusion may interfere with cardiac output favouring renal 

hypoperfusion, thereby triggering renal crisis in high-risk 

patients (early diffuse SSc with autoantibodies directed 

against topoisomerase I or RNA polymerase III). Careful 

renal assessment and management is particularly critical in 

patients with SSc with large pericardial effusions or reduced 

cardiac output due to cardiac tamponade, although both are 

rare in SSc.

Pericarditis associated with 
pulmonary hypertension
In patients with pulmonary arterial hypertension (PAH), 

in addition to markers of right ventricular dysfunction, 

such as brain natriuretic peptide, pericardial effusion also 

indicates a worse prognosis. In idiopathic PAH it has been 

shown that pericarditis suggests a poor prognosis, and a 

similar role for pericarditis is strongly suspected in patients 

with SSc associated with PAH.

In patients with a clinical suspicion of PAH, Doppler 

echocardiography should be performed to evaluate right 

ventricular systolic pressure, and to assess the presence of 

associated anatomical abnormalities such as right atrial 

enlargement, right ventricular enlargement and pericar-

dial effusion. Regarding echocardiographic investigations, 

CT scanning measurements that correlate with the severity 

of PAH include the cross-sectional area of the pulmonary 

artery, the diameter of the main pulmonary artery, the ratio 

of the diameter of the main pulmonary artery to the bron-

chus, the ratio of the diameter of the pulmonary artery to 

that of the pulmonary vein, the ratio of the diameter of the 

main pulmonary artery to the aortic diameter, and the pres-

ence of pericardial thickening or effusion.

Pericarditis as a prognostic marker
In earlier reports, a poor prognosis of possibly <6 months’ 

survival after the diagnosis of large pericardial effusion, 

was suggested for patients with SSc. However, most of 

these patients had pulmonary hypertension, renal failure or 

heart failure, with pulmonary hypertension being the most 

prevalent of these conditions in those who died, although 
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no mechanism has been described (Nabatian et al, 2007). 

Patients with SSc hospitalised with pericarditis have a 

higher risk of in-hospital death (OR 1.34; 95% CI 0.16 to 

11.39) (Chung et al, 2007).

In prospective studies of SSc, a diagnosis of pericarditis 

is consistently reported to be a bad prognostic sign with a 

higher risk of death. Among 79 cases with SSc, Simeon et al 

(2003) found a worse outcome in patients with pericardial 

effusion. The cumulative 15-year survival rate was 82% for 

those with no pericarditis but 24% in patients with pericar-

ditis. This represents an OR of 10.15 (95% CI 2.59 to 39.75). 

The risk is apparently higher in juvenile patients with SSc: 

Martini et  al (2009) reported an OR for death as high as 

41.3 (95% CI 4.7 to 360.3) among such patients. Among 

171 cases of SSc, Nagy and Czirjak (1997) found the pres-

ence of pericarditis indicated a worse prognosis with a risk 

ratio of 11.19. Their report found that pericarditis was not 

a bad prognostic sign in time-dependent Cox regression 

analysis, indicating that the appearance of pericarditis may 

be an adverse prognostic sign only during the first year of 

observation. In a more recent cohort, the same researchers 

reported an OR of 2.31 (95% CI 0.42 to 12.74) (Nagy and 

Czirjak, 2005).

Several other trials have included the presence of peri-

carditis in the overall definition of cardiac involvement and 

thus the risk attributable to the pericarditis itself cannot 

be determined from these reports. Among patients with a 

diagnosis of pulmonary hypertension, echocardiographic 

verification of pericardial effusion is an established sign 

that is associated with worse prognosis (McLaughlin and 

McGoon, 2006).

Treatment
Immobilisation and treatment with non-steroidal anti- 

inflammatory drugs (indomethacin 25–50 mg orally, aspirin 

300–650 mg every 4–6 hours or ibuprofen 600–800 mg three 

times daily) relieve the symptoms of pericarditis. However, 

in patients with severe pain or symptoms persisting for over 

48 hours, administration of steroids (prednisone 60–80 mg, 

tapering to zero over 1 week) may be necessary. Colchicine 

(1.2 mg twice a day, or 1 mg daily after a 2–3 mg loading dose) 

may be added or may help to wean patients off corticosteroids.

In view of the risk of relapse after and during corticoste-

roid dose reduction and the potential side effects of these 

drugs, some centres use colchicine as first-line treatment. 

This approach may also help to reduce the steroid dose 

needed.

In cases of tamponade, needle puncture and drainage 

of the effusion is necessary, with echocardiography used 

to plan and assist the procedure. When pericardial effu-

sion occurs repeatedly, pericardial window surgery may be 

necessary (Nabatian et al, 2007).

Successively administered (oral) aspirin and (oral) pred-

nisolone have been reported to be efficacious in patients 

whose only aetiological factor is SSc (Biholong et al, 2009).

In conclusion, asymptomatic, mild pericarditis is common 

in SSc and does not require specific treatment in the large 

majority of patients. However, in cases of recurrent or severe 

effusion, anti-inflammatory drugs may be required. Renal 

and cardiac monitoring is critical in such cases since pericar-

ditis may be associated with scleroderma renal crisis, cardiac 

arrhythmias, PAH and overall progression of the disease.

Summary points

•	 The incidence of pericarditis is high among patients with systemic sclerosis (SSc).

•	 Large pericardial effusions with haemodynamic consequences are rare; asymptomatic, acciden-

tally diagnosed, pericardial fluid accumulation is more typical.

•	 In patients with SSc with pericardial effusion, other possible triggers, such as uraemia and renal 

crisis, pulmonary hypertension and mycobacterial infection, must be excluded.

•	 The presence of chronic or recurrent pericarditis in SSc is a sign of worse prognosis and may be 

more significant in juvenile patients or early after the diagnosis of SSc.

•	 Treatment of pericarditis involves non-steroidal anti-inflammatory drugs and, occasionally, 

colchicine and/or steroids, and in patients with cardiac compromise, decompression by pericar-

dial drainage or surgical pericardiectomy.
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Definition
Interstitial lung diseases (ILD), also referred to as diffuse 

parenchymal lung diseases, are a heterogeneous group of 

diseases characterised by inflammation and/or fibrosis of 

the lung parenchyma which eventually lead to impairment 

of gas exchange, respiratory failure and death. ILD may 

develop as a primary condition (eg, idiopathic pulmonary 

fibrosis (IPF) or idiopathic interstitial pneumonia) or asso-

ciate with another disease such as systemic sclerosis (SSc) or 

with exposure to external agents including different medi-

cations (Bradley et al, 2008).

Pathogenesis
The pathogenesis of ILD associated with systemic sclerosis 

(SSc-ILD) is not fully understood. It is probable that lung 

injury such as immunological injury to pulmonary capil-

laries and/or aspiration of gastrointestinal content might 

play a role in triggering inflammatory and fibrotic response 

within the lungs; however, the nature of the insult has not 

been clarified (Akter et  al, 2014). It has also been shown 

that smoking might contribute to the progression of ILD 

(Samara et al, 2011).

In ILD, inflammatory cells such as lymphocytes and 

monocytes/macrophages infiltrate the lung parenchyma 

and produce pro-inflammatory and pro-fibrotic mediators, 

including interleukin-4 and interleukin-13, transforming 

growth factor β, chemokines and eicosanoids. Fibroblasts 

proliferate and produce increased amounts of connec-

tive tissue which accumulate within the lung parenchyma. 

Several molecular pathways have been implicated in the initi-

ation and/or progression of lung fibrosis and are thought to 

represent promising targets for developing new therapeutic 

strategies (Akter et al, 2014; Silver and Silver, 2015).

Classification
According to a consensus classification developed by the 

joint American Thoracic Society (ATS) and European 

Respiratory Society (ERS) committee, seven groups of inter-

stitial pneumonias have been distinguished based on their 

histopathology and clinical outcomes (box 1) (American 

Thoracic Society/European Respiratory Society, 2002).
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Learning objectives:

•	 To identify systemic sclerosis (SSc) patients at risk of interstitial lung disease (ILD).

•	 To understand why regular screening for ILD is needed in SSc.

•	 To know how to screen SSc patients.

•	 To identify patients with SSc-ILD who should be treated.

•	 To know how to treat and how to re-evaluate SSc-ILD patients.
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The pattern of non-specific interstitial pneumonia 

(NSIP) which is found most frequently in patients with 

SSc-ILD (56–78%) is characterised by homogenous diffuse 

infiltrates within lung parenchyma (Fujita et  al, 2001; 

American Thoracic Society/European Respiratory Society, 

2002; Bouros et al, 2002; Kim et al, 2002). Lung interstitium 

may be thickened by chronic inflammatory cell infiltrate 

(cellular NSIP), uniform fibrosis (fibrotic NSIP) or both 

(mixed NSIP). Alveolar architecture is usually preserved 

and fibroblastic foci are absent or inconspicuous (Fujita 

et al, 2001; American Thoracic Society/European Respira-

tory Society, 2002; Bouros et al, 2002; Kim et al, 2002).

The usual interstitial pneumonia (UIP) pattern is less 

prevalent in SSc-ILD (8–44%) (Fujita et  al, 2001; Bouros 

et al, 2002). In contrast to an NSIP pattern, the UIP pattern is 

characterised by geographic and temporal heterogeneity and 

the presence of fibroblastic foci. Architectural distortion and 

honeycombing are common. In rare cases of SSc-ILD, organ-

ising pneumonia (OP) or diffuse alveolar damage (DAD) 

may be present and, in a proportion of patients, features of 

end-stage lung disease are found which do not allow iden-

tification of specific histopathological patterns (Fujita et al, 

2001; American Thoracic Society/European Respiratory 

Society, 2002; Bouros et al, 2002; Kim et al, 2002).

Epidemiology
The prevalence of SSc-ILD varies depending on patient 

selection and the diagnostic methods used to define ILD. 

High resolution CT (HRCT) of the lungs reveals features 

of ILD in up to 88–91% of patients with SSc (Schurawitzki 

et  al, 1990; Warrick et  al, 1991). Restrictive lung disease 

develops in approximately 40% of SSc patients and severe 

lung disease (defined as forced vital capacity (FVC) <50%), 

which is associated with significantly higher mortality, is 

found in around 10–15% of SSc patients (Steen et al, 1994). 

ILD may develop in patients with diffuse SSc (dSSc) and in 

those with limited SSc (lSSc).

At present, ILD is the most frequent pulmonary compli-

cation and a major cause of mortality in patients with SSc. 

SSc-ILD accounts for approximately 30% of deaths due to 

SSc in both North American and European studies (Steen 

and Medsger, 2007; Tyndall et al, 2010).

In a recently published analysis of over 200 patients with 

SSc-ILD from an experienced pulmonary centre, 10-year 

survival was 59% (Goh et  al, 2008). If SSc-ILD coexisted 

with pulmonary hypertension, 3-year survival was only 

28–39%, although some controversy exists (Condliffe et al, 

2009; Mathai et al, 2009; Volkmann et al, 2015).

Risk factors
Several demographic, clinical and immunological param-

eters are associated with SSc-ILD, including male sex, 

African–American ethnicity, higher modified Rodnan 

Skin Score (mRSS), presence of cardiac involvement, 

serum creatine phosphokinase levels, anti-topoisomerase 

antibodies (anti-topo I) and absence of anticentromere 

antibodies (ACA) (Steen et al, 1985, 1988, 1994; Greidinger 

et al, 1998; McNearney et al, 2007; Assassi et al, 2010; Gilson 

et al, 2010). In a retrospective analysis of 900 SSc patients, 

African–American ethnicity, male sex, early disease and 

primary cardiac involvement due to SSc were independent 

predictors of severe (defined as FVC <50% of predicted) 

SSc-ILD (Steen et  al, 1994). Neither SSc subtype (diffuse 

vs limited) nor the presence of anti-topo I antibodies 

were associated with the presence of severe restrictive 

lung disease. Analysis of the Scleroderma Lung Study-I 

(SLS-I), a randomised controlled trial (RCT) involving 

162 patients with symptomatic SSc-ILD and <7 years’ SSc 

duration, showed no significant differences with respect to 

the severity of lung impairment or rate of progression of 

lung disease (after correction for baseline severity of lung 

involvement) between patients with dcSSc and those with 

lcSSc (Clements et al, 2007). On the other hand, the pres-

ence of diffuse skin involvement, anti-topo I antibodies 

and/or absence of ACA were associated with SSc-ILD in 

several other studies (Steen et  al, 1988; McNearney et  al, 

Box 1 Histological patterns of intersti-
tial pneumonias (according to the con-
sensus classification developed by the 
joint American Thoracic Society and Eu-
ropean Respiratory Society committee).

 ►  Usual interstitial pneumonia (UIP).
 ►  Non-specific interstitial pneumonia (NSIP).

 – Cellular pattern.
 – Fibrosing pattern.
 – Mixed pattern.

 ►  Organising pneumonia (OP).
 ►  Diffuse alveolar damage (DAD).
 ►  Respiratory bronchiolitis (RB).
 ►  Desquamative interstitial pneumonia (DIP).
 ►  Lymphoid interstitial pneumonia (LIP).

Adapted from table 2 in American Thoracic Society/European 

Respiratory Society (2002).
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2007; Assassi et al, 2010; Gilson et al, 2010). The discrepan-

cies between the results of different studies may arise from 

different patient selection criteria, variability in sample size 

and/or different methods used to define ILD (see also the 

section on prognosis below). A number of years ago, Fertig 

et al. (2009) reported anti-U11/U12 RNP antibodies were 

a serological marker of SSc-ILD. Box 2 summarises factors 

associated with an increased risk of SSc-ILD.

Although the results of the above studies allow the iden-

tification of patients who are at higher risk for developing 

SSc-ILD, it should be noted that there is no demographic, 

clinical or immunological parameter which allows definite 

prediction of the development of SSc-ILD in an individual 

SSc patient. Therefore, all SSc patients should be screened 

regularly for SSc-ILD (Khanna et al, 2011a). In the quality 

indicators for SSc, which represent minimal requirements 

in the management of SSc patients, it is recommended that 

all SSc patients diagnosed for the first time with SSc should 

have pulmonary function tests (PFTs), including diffusing 

capacity of the lungs for carbon monoxide (DLCO) 

measurements, done within 12 months from the diagnosis. 

HRCT of the lungs should be offered as outlined below. PFTs 

and HRCT of the lungs should also be performed if clinical 

or functional data raise suspicion of SSc-ILD or change in 

functional or anatomical status (table 1 and figure 1).

Symptoms
Breathlessness and dry cough are the predominant symp-

toms of SSc-ILD (Silver and Miller, 1990; Bussone and 

Mouthon, 2011). Breathlessness may be limited to exertion 

or present at rest, depending on the severity of lung disease. 

Although breathlessness is the main symptom in ILD, it is 

neither sensitive nor specific for SSc-ILD. Musculoskeletal 

involvement, severe skin changes and/or general fatigue 

and depression may diminish patients’ physical capability 

and in this way mask clinical symptoms of ILD until severe 

lung damage occurs. Patients’ adaptation to gradually 

developing lung damage may be another cause of delay 

in recognising lung disease. On the other hand, several 

medical conditions, including SSc-related complications 

such as pulmonary vascular disease or heart involvement 

manifested by dyspnoea, might also lead to SSc-ILD being 

overlooked.

Non-productive cough is present in approximately 30% 

of patients with SSc-ILD. Patients may also report pleuritic 

Box 2 Demographic, clinical or immuno-
logical parameters associated with risk 
of interstitial lung disease associated 
with systemic sclerosis (SSc-ILD).

 ►  African–American ethnicity.
 ►  Male sex.
 ►  Higher modified Rodnan Skin Score.
 ►  Early disease.
 ►  Presence of cardiac involvement.
 ►  Serum creatine phosphokinase values.
 ►  Anti-topoisomerase antibodies (anti-topo I).
 ►  Absence of anticentromere antibodies.
 ►  Anti-U11/U12 RNP antibodies.

Patient category Assessment Time period*

B
as
el
in
e Every SSc patient Spirometry and DLCO Within 12 months

HRCT of the lungs Within 12 months

F
o
ll
o
w
-u
p

Early systemic sclerosis† Spirometry and DLCO Every year for 5 years

Interstitial lung disease Spirometry and DLCO Every year until stabilised

New dyspnoea at exertion Spirometry and DLCO Within 6 months

New pulmonary symptoms and/or FVC or DLCO <80% 
for the first time or decrease in FVC >10% predicted 
or DLCO >15% predicted, with awareness of radiation 
exposure

HRCT of the lungs Within 6 months

*Maximal time period in which assessment should be done.

†Less than 5 years since the first symptom of SSc.
DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; HRCT, high resolution computed tomography; SSc, 
systemic sclerosis.
Adapted with permission from Khanna et al. (2011a).

Table 1 Quality indicators for pulmonary assessment at baseline and follow-up in patients with systemic sclerosis.
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pain or fatigue. Physical examination reveals bibasilar, 

inspiratory crackles (dry or ‘Velcro’ type in quality). Finger 

clubbing is rare, probably due to peripheral skin thickening. 

In advanced cases, signs of right heart failure may develop.

Diagnosis
A diagnosis of ILD can be reliably made based on typical 

clinical, physiological and imaging manifestations (Bradley 

et al, 2008). Due to its sensitivity and specificity, HRCT of 

the lungs has a central role in establishing the diagnosis of 

SSc-ILD. Since the experience of the investigator is of key 

importance for the appropriate interpretation of clinical, 

physiological and radiological data, a multidisciplinary 

approach combining the cooperation of a pulmonologist, 

radiologist and a rheumatologist is a desirable standard in 

the diagnosis of ILD. Invasive procedures such as broncho-

alveolar lavage (BAL) or lung biopsy have no additional 

value for the diagnosis of ILD if clinical and radiological 

features are typical. However, BAL and lung histopathology 

may be helpful in the detection of co-existing diseases such 

as lung infection, pulmonary haemorrhage or malignancy, 

and should be considered if there are discrepancies in 

non-invasive assessments (Bradley et al, 2008) (see also the 

sections below on BAL and histopathology).

Clinical course and predictors 
of prognosis
In the placebo group in SLS-I, the mean annual decline in 

the unadjusted FVC % predicted and DLCO % predicted 

values was 4.2% and 8.2%, respectively (Tashkin et al, 2006; 

Khanna et al, 2011c). In a retrospective study by Goh et al. 

(2008), the median time to decline in FVC (defined as 

≥10%) or DLCO (≥15%) was 61 and 64 months, respectively. 

These results indicate that in the majority of patients with 

SSc-ILD, lung function declines rather slowly after the first 

few years and are consistent with the findings of Steen et al. 

(1994) who showed that severe SSc-ILD develops in only 

15% of SSc patients and that 60% of their 900 SSc patients 

never developed FVC <75% of predicted. In those who do 

develop more severe disease, most of the decline occurs in 

the first 2–4 years of disease (Steen et al, 1994). However, 

there is a high variability in the clinical course of SSc-ILD 

Figure 1 Schema of screening for and management of patients with interstitial lung disease (ILD) associated with systemic sclerosis (SSc).

*HRCT of the lings is particularly warranted (1). In patients in whom clinical assessment and/or the results of PFTs raise suspicion of ILD and (2). In 
those SSc patients with high risk of developing ILD.
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among individual patients, ranging from an indolent course 

with stable lung function to a rapidly progressive disease 

leading to respiratory failure and eventually death. Accurate 

identification of patients with progressive disease is of key 

importance for the selection of patients who may benefit 

most from therapy.

Longitudinal cohort studies and analysis of the placebo 

group from SLS-I indicate that the baseline severity of lung 

disease predicts further decline in lung function and/or 

death in patients with SSc-ILD (Plastiras et al, 2006; Goh 

et  al, 2008; Khanna et  al, 2011c). In a retrospective anal-

ysis of 215 patients with SSc-ILD baseline PFTs, the overall 

extent of disease on HRCT and the extent of a reticular 

pattern on HRCT were linked to the decline in FVC, the 

decline in DLCO, and progression-free survival (where 

progression was defined as a decline in FVC ≥10%, a decline 

in DLCO ≥15% or death). The extent of a reticular/fibrosis 

pattern on HRCT of the lungs was the strongest determi-

nant of decline in FVC and progression-free survival (Goh 

et al, 2008). In the same study, multivariate analysis iden-

tified the HRCT extent of disease, baseline DLCO and the 

presence of pulmonary hypertension as the strongest inde-

pendent predictors of mortality. These observations were 

corroborated by analysis of the SLS-I study showing that the 

extent of the reticular pattern (fibrosis) in lung HRCT was 

an independent predictor of decline in FVC in the place-

bo-treated patients (Khanna et  al, 2011c). The baseline 

score for fibrosis on HRCT was significantly associated with 

subsequent decline in FVC in the placebo group (−2.01% 

of the predicted FVC per unit score for fibrosis; p=0.006, 

by regression analysis), indicating a greater decline in FVC 

over time among those who had more severe fibrosis at 

baseline (Tashkin et  al, 2006; Khanna et  al, 2011c). The 

results of SLS-I and SLS-II are discussed in more detail in 

the treatment section below.

Following the analysis of predictors mentioned above, a 

simple staging system based on assessment of lung HRCT 

and PFTs has been proposed to identify patients at increased 

risk of mortality and therefore warranting intensive therapy 

(Goh et al, 2008). According to this system, patients with 

HRCT extent of lung disease >20% of the lung (indepen-

dent of FVC) and those whose HRCT showed fibrosis 

between 10% and 20% with an FVC <70% predicted are 

considered as having severe lung disease and a higher risk 

of death. On the other hand, patients with an HRCT ‘extent 

score’ of <10% and those with an HRCT ‘extent score’ of 

between 10% and 20% but an FVC ≥70% had a better prog-

nosis (figure 2).

Although the system shown in figure 2 might be helpful 

in everyday clinical decision making, it should be noted 

that higher HRCT scores and a lower FVC probably repre-

sent some degree of irreversible damage. The development 

of biomarkers which would allow physicians to establish a 

prognosis at an earlier stage is important.

Studies in IPF showed that a fall in PFTs is associated 

with a higher risk of mortality (Flaherty et al, 2003; Bradley 

et al, 2008). Also, a retrospective analysis of a group of 62 

patients with SSc-ILD and a histologically proven NSIP 

pattern showed that deterioration in DLCO levels was asso-

ciated with significantly worse survival during the next 3 

years (Bouros et al, 2002).

Another retrospective analysis of over 900 SSc patients 

from the Pittsburgh database revealed that more severe 

lung disease was associated with a shorter duration of SSc 

and that a more rapid decline in FVC was observed in the 

early phase of SSc (Steen et  al, 1994). Although a recent 

analysis of SSc-ILD patients from the SLS placebo group 

did not show significant differences in the rate of decline 

of FVC among patients with different disease durations, 

these discrepancies might result from the patients selected 

for RCT who might not reflect the overall population of SSc 

patients (Khanna et al, 2011c). Of note, in the overall SLS 

placebo group, patients with early SSc (0–2 years from the 

first symptoms) had a significantly greater decline in DLCO 

as compared with patients with longer disease duration 

(p=0.03) (Khanna et al, 2011c).

Swigris et al. (2009) showed that desaturation on cardio-

pulmonary exercise testing (maximum exercise SpO
2
 

Figure 2 Staging system for assessment of the severity of inter-

stitial lung disease associated with systemic sclerosis. FVC, forced 

vital capacity; HRCT, high resolution CT. Reprinted with the permis-

sion of the American Thoracic Society from Goh, N.S.L., Desai, S.R., 

Veeraraghavan, S., et al. (2008) Interstitial lung disease in systemic 

sclerosis: a simple staging system. American Journal of Respiratory 

and Critical Care Medicine, 177, pp. 1248–1254, figure 1. Copyright 

© 2013 American Thoracic Society. 
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(SpO
2max

) below 89% or a fall in SpO
2max

 >4 points from 

baseline) was associated with significantly worse survival 

during a median 7 years of follow-up (HR 2.4, 95% CI 1.1 

to 4.9 and HR 2.4, 95% CI 1.1 to 5.0, respectively; p=0.02 

for both).

In another prospective study including 266 patients with 

early SSc from the Genetics versus Environment in Sclero-

derma Outcome Study (GENISOS), followed for a median 

time of 3.8 years, only anti-topo I antibodies were associ-

ated with FVC decline over time (Assassi et al, 2010). ACA 

and anti-topo I antibodies were not predictive of the FVC 

decline rate in other studies (Steen et al, 1994; Roth et al, 

2011). In yet another study including 105 SSc patients, anti-

topo I antibodies and diffuse cutaneous SSc were predictive 

of the FVC decline rate in univariate analysis; however, only 

diffuse cutaneous involvement was predictive of a decrease 

in FVC in multivariate analysis in this study (Gilson et al, 

2010).

In a report from Fertig et al. (2009), the presence of anti-

U11/U12 RNP antibodies among patients with SSc-ILD 

was associated with a 2.25-fold greater risk of death or lung 

transplant, after adjusting for age at symptom onset, gender 

and tobacco use.

The relationships between BAL and lung histopathology 

and prognosis in SSc-ILD are discussed below in the rele-

vant sections.

Several other biomarkers, such as serum concentra-

tions of C-reactive protein, interleukin-6 and KL-6 protein 

or alveolar concentration of exhaled nitric oxide, show 

promise in evaluation of SSc-ILD, but require further vali-

dation before they can routinely be used in the clinic (Hant 

and Silver, 2011; Tiev et al, 2012; De Lauretis et al, 2013; Liu 

et al, 2013).

In summary, patients with more severe lung disease, as 

indicated by HRCT score and/or lower PFTs, and those with 

lung function decline are at a higher risk of death. Patients 

with early SSc showed a more rapid change in pulmonary 

function. Other biomarkers which show an association 

with decline in lung function or higher risk of death might 

be helpful to assess prognosis in patients in whom radio-

logical and functional assessment does not provide a clear 

result (box 3).

Evaluation

Pulmonary function tests
PFTs play a key role in the evaluation of SSc-ILD and other 

forms of lung involvement in patients with SSc (Matuc-

ci-Cerinic et al, 2003; Wells, 2007; Khanna et al, 2011a).

In PFTs, ILD results in a restrictive ventilatory defect 

with reduced lung volumes (including total lung capacity 

(TLC) and FVC) and normal or increased forced expira-

tory volume in 1 s (FEV
1
)/FVC ratio. The diffusing capacity 

of the lungs for carbon monoxide (DLCO) is also reduced. 

The DLCO/alveolar volume (AV) ratio remains normal or 

only slightly decreased unless other conditions affecting 

lung diffusing capacity overlap (eg, pulmonary hyperten-

sion, emphysema) are present (Wells, 2007).

Due to the relative insensitivity of clinical manifesta-

tions, screening of asymptomatic SSc patients with PFTs 

allows early detection of lung impairment. Since the spec-

trum of normal values in PFTs is very wide, ranging from 

80% to 120% of predicted value, detection of a decline in 

serial PFTs even within the normal range might improve 

the sensitivity of PFTs in the early detection of ILD before 

lung volumes drop below normal (<80% of predicted).

As non-invasive tests, PFTs can easily be repeated on a 

regular basis, providing information concerning progres-

sion of the disease and its response to therapy. Considering 

the great variability in the clinical course of SSc-ILD, 

this strategy, based on an individual assessment of the 

dynamics of lung disease, allows early selection of patients 

who require treatment change (if lung function continues 

to decline despite treatment) and avoids overtreatment 

Box 3 Predictors of worse prognosis in 
interstitial lung disease associated with 
systemic sclerosis.

(SSc-ILD):
 ►  Low baseline PFTs (FVC, DLCO).
 ►  Higher HRCT score.
 ►  Greater extent of fibrosis on lung HRCT.
 ►  Decline in PFTs.
 ►  Desaturation on exercise.
 ►  Presence of pulmonary hypertension.
 ►  Early SSc.
 ►  Diffuse SSc.
 ►  Anti-topoisomerase antibodies (anti-topo I).
 ►  Anti-U11/U12 RNP antibodies.
 ►  Serum CRP.
 ►  Granulocytosis in BALF.

BALF, bronchoalveolar lavage fluid; CRP, C-reactive protein; 

DLCO, diffusing capacity of the lungs for carbon monoxide; 

FVC, forced vital capacity; HRCT, high resolution computed 

tomography; PFTs, pulmonary function tests; SSc, systemic 

sclerosis.

AQ10

AQ11

AQ12

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Interstitial lung disease associated with systemic sclerosis

229

Q11

Q12

with potentially toxic medications in those in whom lung 

disease is stable. The frequency of PFTs should be tailored 

individually based on an assessment of the risk of ILD 

progression. Thus, in patients with a high risk of devel-

oping or actually showing progression of lung disease, 

such as those with early dSSc or with severe lung impair-

ment, the repetition of PFTs every 3 months might be 

required. In SSc patients without risk factors and without 

or with only minimal lung changes, yearly PFTs might be 

sufficient. As recommended in the quality indicators for 

the management of SSc patients, yearly PFTs in patients 

at risk of pulmonary function deterioration are consid-

ered minimal requirements. PFTs should be performed 

more frequently if there is evidence of progression of lung 

disease (table 1) (Khanna et al, 2011a).

As discussed above in the prognosis section, low base-

line values of FVC and/or DLCO predict a worse prognosis 

in the overall population of SSc patients and in those with 

SSc-ILD (Steen et al, 1994; Goh et al, 2008).

Thus, in SSc-ILD, PFTs provide important informa-

tion with regard to early detection, assessment of disease 

severity, and monitoring of disease progression. More-

over, PFTs are helpful in establishing prognosis in SSc-ILD 

(box 4).

Imaging assessment
In conventional chest X-rays, SSc-ILD manifests with retic-

ular shadows and/or ‘ground glass’ opacifications localised 

mainly in the lower lung lobes. Given its ready availability 

and ability to detect supervening complications and/or 

coexisting conditions (eg, infection, lung cancer, heart 

failure, hyperinflation or kyphosis), chest X-ray appears 

to be a basic although insensitive tool to evaluate cardio-

pulmonary complications (Bradley et  al, 2008). However, 

chest X-ray has low sensitivity for ILD and a normal chest 

X-ray does not exclude the presence of SSc-ILD. HRCT of 

the lungs is significantly superior to chest radiography in 

detecting ILD. Chest HRCT revealed features of SSc-ILD 

in 88–91% of SSc patients compared with only 59–61% by 

chest X-ray (Schurawitzki et al, 1990; Warrick et al, 1991).

Manifestations of SSc-ILD in HRCT include the pres-

ence of ground glass opacities, reticular intralobular 

interstitial thickening, traction bronchiectasis and/or bron-

chiolectasis as well as honeycomb cysts (figure 3) (Strollo 

and Goldin, 2010). In the majority of patients with SSc-ILD, 

ground glass opacities and fine fibrosis are present on lung 

HRCT, and these features are considered characteristic for 

the NSIP pattern which is the prevalent histopathological 

pattern in SSc-ILD. Ground glass opacities, defined as alve-

olar opacifications through which normal lung markings 

and vessel architecture are still visualised, may represent 

active inflammatory infiltrates or fine fibrosis (Strollo and 

Goldin, 2010). Honeycombing on HRCT is a marker of UIP 

and advanced, irreversible pulmonary fibrosis. All changes 

are usually most prominent in the lower and sub pleural 

parts of the lungs (figure 4).

Due to the high specificity of typical imaging changes, 

HRCT of the lungs has become an essential tool to diag-

nose SSc-ILD (Bradley et al, 2008). Accordingly, HRCT of 

the lungs is recommended in every SSc patient in whom 

clinical or functional findings raise suspicion of SSc-ILD, 

and some experts believe a baseline HRCT of the lungs is 

justified, especially now that radiation exposure has been 

minimised (Khanna et al, 2011a). Performing HRCT may 

Figure 3 High resolution CT manifestations of interstitial lung dis-

ease associated with systemic sclerosis including: (A) ground glass 

opacifications; (B) reticulations; and (C) honeycombing.

Box 4 Role of pulmonary function tests 
in interstitial lung disease associated 
with systemic sclerosis (SSc-ILD).

 ►   Detection of interstitial lung disease and other 
pulmonary complications.

 ►   Revealing the nature of pathophysiological 
processes in the lungs.

 ►   Assessment of the severity and progression of 
SSc-ILD.

 ►  Assessment of prognosis in SSc-ILD.
 ►  Assessment of treatment efficacy.
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also be considered in asymptomatic patients who are at 

higher risk of SSc-ILD, such as those with rapidly progres-

sive diffuse SSc, since HRCT may identify early SSc-ILD 

before clinical or functional abnormalities develop. It 

should be remembered that discrete changes revealed by 

HRCT may not portend clinical consequences in some 

patients.

HRCT of the lungs may also be helpful to assess the severity 

of ILD (Bradley et al, 2008; Strollo and Goldin, 2010). In SSc 

patients, interpretation of PFTs alone may be difficult since 

PFT results might be influenced by conditions other than 

ILD processes (eg, vascular, airway or skin disease) (Wells, 

2007). Indeed, in SSc, PFTs show only a weak to moderate 

correlation with the extent of HRCT changes (Remy-Jardin 

et al, 1993; Wells et al, 1997; Goldin et al, 2009). In an analysis 

of 162 patients with SSc-ILD from the SLS-I study, the extent 

of pulmonary fibrosis on HRCT scans (defined as reticular 

opacity, traction bronchiectasis and/or bronchiolectasis) was 

significantly negatively correlated with DLCO (r=−0.44) and, 

to a lesser extent, with TLC (r=−0.36) and FVC (r=−0.22) 

(Goldin et al, 2009). Precise assessment of the extent of, or 

revealing small changes in, HRCT opacities might be diffi-

cult in everyday clinical practice. Thus, evaluation of both 

PFTs and HRCT is important to obtain the most appropriate 

information with regard to the severity and course of ILD in 

an individual patient, with serial HRCTs of the lungs being 

of help in establishing the relevance of the changes in PFTs 

(Strollo and Goldin, 2010).

Chest HRCT also helps to establish the prognosis in 

SSc-ILD. The extent of reticulations (fibrosis) in HRCT and/

or overall HRCT score were linked to a subsequent decline 

in PFTs and an increase in mortality at follow-up, respec-

tively (Goh et al, 2008; Khanna et al, 2011c). Moreover, in 

the SLS study, the extent of fibrosis in HRCT independently 

predicted treatment response to cyclophosphamide (see 

also treatment section below) (Roth et al, 2011). However, 

in the SLS study neither extent of ground glass opacities nor 

severity of honeycombing alone were predictive of change 

in lung function over the 2-year duration of the study, nor 

did they add any additional information regarding response 

to cyclophosphamide (Tashkin et  al, 2006; Khanna et  al, 

2011c; Roth et al, 2011).

Of course, HRCT may help to establish a diagnosis of 

conditions other than ILD, such as emphysema, heart 

disease and, if performed with contrast, rule out or confirm 

pulmonary thromboembolism. HRCT is also useful to 

define the optimal site of biopsy for patients requiring a 

tissue diagnosis (Bradley et al, 2008) (box 5).

Six-minute walk test
The 6-min walk test (6MWT), sometimes called the 6-min 

walk distance (6MWD), is a simple way to measure submax-

imal exercise tolerance, but it is not specific for SSc-ILD. 

In patients with SSc, systemic manifestations of the disease 

including musculoskeletal involvement and general weak-

ness as well as other forms of cardiopulmonary involvement 

may influence the 6MWT results. In recent studies involving 

patients with SSc, the 6MWD correlated with age, a number 

of measures of cardiopulmonary involvement (including 

dyspnoea scores and systolic pulmonary artery pressure 

Figure 4 Coronal chest CT reconstructions showing the classical 

appearance of scleroderma interstitial lung disease with fibrotic 

changes most pronounced in the lower parts of the lungs.

Box 5 Role of imaging in interstitial 
lung disease associated with systemic 
sclerosis (SSc-ILD).

 ►   Detection of interstitial lung disease.
 ►   Exclusion of other systemic sclerosis related or 

unrelated lung diseases.
 ►   Assessment of the extent of SSc-ILD.
 ►   Identification of patients more likely to respond 

to treatment.
 ►   Assessment of treatment efficacy.
 ►   Identification of location for bronchoalveolar 

lavage/lung biopsy.

A
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(sPAP)), but showed only weak or no correlation with lung 

function tests (FEV or DLCO) (Buch et al, 2007; Villalba 

et al, 2007; Garin et al, 2009; Schoindre et al, 2009). Correla-

tion between 6MWD and FVC % predicted became stronger 

if patients with severe SSc-ILD were evaluated separately 

(Garin et al, 2009). In SSc-ILD, change in 6MWD should 

therefore be interpreted in the context of other findings, 

such as PFT results and musculoskeletal manifestations. 

Oxygen desaturation during 6MWT was more specific than 

6MWD in SSc-ILD, correlating with dyspnoea index, FVC 

%, fibrosis on chest radiograph, ground glass or reticular 

opacities on chest CT, and sPAP (Goldin et al, 2009). Use 

of a forehead oximeter instead of a finger or earlobe probe 

avoids falsely decreased oxygen saturations as it avoids the 

effects of contraction of the peripheral arteries which occur 

during Raynaud’s phenomenon.

Cardiopulmonary exercise testing
A number of years ago, Swigris et al. (2009) showed that, 

in 68 out of 83 (82%) subjects with SSc-ILD, the periph-

eral oxygen saturation (SpO
2
) correlated well with arterial 

oxygen saturation (SaO
2
) and the decrease in SpO

2
 during 

exercise was associated with an increased risk of death in 

SSc-ILD (see also the prognosis section). Cardiopulmonary 

exercise testing might be helpful in assessing prognosis in 

those SSc-ILD patients in whom PFTs and radiology do not 

allow a definite prognosis (Wells, 2007).

Bronchoalveolar lavage
Cytological analysis of bronchoalveolar lavage fluid 

(BALF) in SSc-ILD frequently reveals increased percent-

ages of neutrophils, eosinophils and/or lymphocytes, also 

referred to as alveolitis (Kowal-Bielecka et al, 2010a, 2010b; 

Wells, 2010). Previous uncontrolled studies suggested that 

increased granulocytosis in BALF predicts worse prognosis 

in SSc-ILD. A more recent retrospective analysis of 215 

patients with SSc-ILD as well as sub-analysis of the SLS study 

indicate that BAL granulocytosis correlates with the severity 

of lung disease but does not provide additional informa-

tion with regard to lung function decline as compared with 

PFTs and/or HRCT (Goh et al, 2007; Strange et al, 2008). 

However, in retrospective studies, BALF neutrophilia or 

eosinophilia were independent predictors of early (within 

2 years) or overall mortality in patients with SSc-ILD or 

those with histologically proven NSIP, respectively (Bouros 

et al, 2002; Goh et al, 2007). BALF is not recommended for 

routine use in SSc-ILD.

However, BALF is the method of choice to identify 

pulmonary infections in patients with ILD, malignancy, 

pulmonary haemorrhage or other rare lung diseases 

(Kowal-Bielecka et al, 2010a, 2010b; Wells, 2010).

Lung biopsy
In the majority (56–78%) of patients with SSc-ILD, an 

NSIP pattern is found on lung biopsy while the UIP 

pattern is found in approximately 8–44% (Fujita et  al, 

2001; Bouros et  al, 2002; Kim et  al, 2002). Unlike idio-

pathic interstitial pneumonias, in SSc-ILD there was 

no significant difference in 5-year mortality between 

UIP and NSIP groups, both having better outcomes as 

compared with idiopathic UIP (idiopathic interstitial 

pneumonia) (Bouros et al, 2002; Kim et al, 2002). Thus, 

at present, lung biopsy is not recommended to assess 

prognosis in SSc-ILD. However, histopathological assess-

ment is the method of choice in assessing lung pathology 

if clinical and/or radiological evaluations reveal discrep-

ancies (Bradley et al, 2008).

Treatment

General issues
The evidence concerning the efficacy of treatment of 

SSc-ILD is somewhat limited (Silver and Silver, 2015). 

At present, immunosuppressive drugs are considered 

a cornerstone of pharmacotherapy. However, only oral 

cyclophosphamide has shown statistically significant, 

albeit clinically modest and relatively transient, improve-

ment in lung volumes in RCTs in SSc-ILD, while the 

results of SLS-II indicate that mycophenolate mofetil 

is comparable to oral cyclophosphamide in SSc-ILD 

(Hoyles et  al, 2006; Tashkin et  al, 2006, 2007; Bradley 

et al, 2008; Clements et al, 2015). Thus far it is not clear 

if intravenous and oral cyclophosphamide are equivalent 

in this regard. The evidence regarding other immuno-

suppressive drugs, many of which are routinely used in 

clinical practice, is much less (discussed in detail below). 

Higher dose, more prolonged steroids (>15 mg pred-

nisolone equivalent per day) are to be avoided in the 

management of SSc-ILD because they increase the risk 

of scleroderma renal crisis (Bradley et al, 2008; Kowal-

Bielecka et al, 2009).

Accumulation of connective tissue in the lungs (fibrosis) 

has been documented in the majority of SSc-ILD patients 

and is believed to represent the major mechanism respon-

sible for irreversible lung damage in SSc-ILD. Therefore, 
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continued efforts to develop targeted antifibrotic therapies 

are being made, although with little success so far.

Since most therapies used for treating SSc-ILD are asso-

ciated with a risk of potentially serious adverse effects, and 

the clinical course of SSc-ILD is highly variable, it is of great 

importance that treatment of SSc-ILD patients is designed 

individually based on the severity and activity of lung 

disease, risk factors, response to therapy, and consideration 

of the benefit/risk ratio.

Treatment is warranted in patients with severe SSc-ILD, 

particularly those with progressive lung disease, as they are 

at high risk of increased mortality (see section on prog-

nosis above) (figures 1 and 2) (Steen et  al, 1994; Bradley 

et al, 2008; Goh et al, 2008). The threshold for introducing 

treatment is reduced in patients with a short duration of SSc 

since they are thought to have the greatest decline in lung 

volumes (Steen et  al, 1994; Bradley et  al, 2008) (table  2). 

Assessment of systemic disease activity (eg, progression of 

skin disease, presence of other organ involvement or risk 

factors for worse clinical prognosis) may be helpful for 

decision making in these patients (figure 1).

The SLS-I study indicates that the beneficial effect of cyclo-

phosphamide is due to delay in lung function deterioration 

(associated with less dyspnoea and with improvement in 

patient ability to function) rather than reversal of pre-ex-

isting lung damage (Goldin et al, 2009). Early diagnosis and 

management of SSc-ILD is therefore crucial for achieving 

the best results. Regular assessment of lung function is of 

paramount importance in the management of SSc-ILD as 

it enables early diagnosis of lung involvement, identifica-

tion of patients with progressive lung disease, and regular 

assessment of response to therapy (figures 1 and 2) (Wells, 

2007; Khanna et al, 2011a). Indeed, experience during the 

last decades shows that regular screening aimed at early 

diagnosis and early treatment of pulmonary complications 

resulted in more frequent diagnosis of pulmonary compli-

cations including ILD and improved survival in SSc patients 

(Nihtyanova et al, 2010). 

In addition to drug therapy, supportive care including 

education of patients and avoidance or elimination of other 

factors which might cause deterioration of lung function 

(eg, infections, smoking, gastrointestinal reflux), reha-

bilitation and oxygen supplementation) have roles in the 

management of SSc-ILD. Lung transplantation might be 

an option in patients in whom severe lung disease develops 

despite drug therapy (Bradley et al, 2008).

Since evidence-based therapies are few, and variability in 

the clinical course and complexity of visceral involvement 

are the rule, the experience of the treating physician is of 

key importance for the proper management of SSc-ILD. It 

is therefore recommended that SSc-ILD patients be under 

the care of a multidisciplinary team of specialists with expe-

rience in this field (Bradley et al, 2008).

Immunosuppressive and biological 
therapies
Cyclophosphamide

Cyclophosphamide was evaluated in two randomised, 

placebo-controlled trials involving patients with SSc-ILD 

in particular (Hoyles et al, 2006; Tashkin et al, 2006).

The SLS study was the first large multicentre, randomised, 

double-blinded, placebo-controlled clinical trial designed 

specifically to investigate SSc-ILD (Tashkin et al, 2006). In 

the study, cyclophosphamide (given orally at a dose of 1–2 

mg/kg/day) was compared with placebo in 160 SSc patients 

with early SSc (<7 years’ duration), symptomatic ILD and 

alveolitis, where alveolitis was defined by cytological assess-

ment of BAL or the presence of ‘ground glass’ in HRCT 

of the lungs. After 1 year, cyclophosphamide treatment 

was associated with a modest but statistically signifi-

cant improvement in the FVC (mean placebo-controlled 

Table 2 Recommendations concerning the treatment of interstitial 

lung disease (ILD) associated with systemic sclerosis (SSc).

Recommendation Strength of 

recommendation

In general, the threshold for starting 
treatment in the hope of preventing 
progression of pulmonary fibrosis 
in CTD-associated ILD is reduced 
when disease is:

 ►  severe (as judged by HRCT or 
pulmonary function tests)

 ►  recently progressive, or
 ►  there is a short duration of 

systemic disease.
In many patients, the potential 
benefits of therapy will be 
outweighed by the risks.

C

In SSc-associated ILD, 
recommended treatment, if required, 
is with low-dose oral steroids (≤10 
mg/day) and/or cyclophosphamide 
(oral or intravenous). High-dose 
corticosteroid therapy (daily 
prednisolone dose >10 mg) should 
be avoided if at all possible because 
of the risk of renal crisis.

C

CTD, connective tissue disease; HRCT, high resolution CT.
Adapted from Bradley et al (2008).
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difference 2.5%, 95% CI 0.3% to 4.8%) and the TLC (mean 

placebo-controlled difference 4.1%, 95% CI 0.5% to 7.7%) 

(p<0.05 for both). The DLCO did not change. Importantly, 

the relatively small improvements in lung function were 

associated with a significant decrease in dyspnoea and 

improvement in health-related quality of life. Serial HRCT 

of the lungs revealed that cyclophosphamide diminished 

progression of lung fibrosis (Goldin et al, 2009). However, 

no significant change could be found in the extent of ‘ground 

glass’ or honeycombing after 1 year of therapy with cyclo-

phosphamide. Improvement in lung fibrosis correlated with 

changes in lung volumes and dyspnoea score. Skin score 

improved also, in particular in patients with dSSc, while in 

those with lSSc no significant change was found (Tashkin 

et al, 2006). Beneficial effects on lung volumes persisted and 

even increased up to 6 months after cyclophosphamide was 

stopped, but waned at 12 months after cessation of active 

treatment, indicating that intermittent therapy might be 

appropriate, although no actual proof of this concept has 

been forthcoming (Tashkin et al, 2007).

In the SLS study, the response in PFTs was most 

pronounced in patients with most advanced lung disease at 

baseline (Roth et al, 2011). The baseline fibrosis score (the 

maximal severity of reticular infiltrates) on chest HRCT and 

FVC <70% predicted (and dyspnoea index) were identified 

as significant independent predictors of treatment response 

and resulted in a more robust FVC % predicted response. In 

addition, the baseline mRSS was found to be a significant 

independent correlate of the change in % predicted FVC 

in response to cyclophosphamide. Based on a combination 

of regression analyses, two subgroups of patients differing 

with respect to response to cyclophosphamide therapy have 

been defined. Patients in whom 50% or more of any lung 

zone was affected by reticular infiltrates on HRCT and/or 

who had an mRSS of at least 23, responded to cyclophos-

phamide with significant improvement in FVC over time 

(placebo-corrected mean change of 4.73% at 12 months and 

9.81% at 18 months; p<0.001). In contrast, in patients with 

less severe HRCT findings and a lower mRSS, cyclophos-

phamide therapy was associated with no significant change 

in FVC at any time points (−0.58% predicted FVC at 18 

months; p>0.05).

In another randomised clinical trial (Fibrosing Alve-

olitis in Scleroderma Trial, FAST), cyclophosphamide 

(given intravenously at a dose of 600 mg/m2/month) 

followed by oral azathioprine was compared with placebo 

in only 45 SSc patients diagnosed with SSc-ILD (only 28 

patients completed the trial) (Hoyles et al, 2006). Active 

treatment consisted of six cyclophosphamide infusions (at 

a dose of 600 mg/m2) given at 4-week intervals followed 

by oral azathioprine (2.5 mg/kg/day). Prednisolone (20 

mg on alternate days) was co-administered in the active 

treatment group. The mean placebo-corrected improve-

ment in vital capacity at 12 months was comparable with 

that from the SLS study (4.2%) and demonstrated a strong 

trend favouring cyclophosphamide/azathioprine (p=0.08). 

Again, similar to the SLS study, intravenous cyclophospha-

mide treatment did not show any effect on the diffusing 

capacity of the lungs. Oral cyclophosphamide therapy, 

as compared with the intravenous regimen, was associ-

ated with increased frequency of leukopenia during the 

study (Hoyles et al, 2006; Tashkin et al, 2006). In general, 

cyclophosphamide was quite well tolerated during these 

relatively short-term trials. Long-term toxicity was not 

assessed.

Based on the results of these two RCTs, cyclophospha-

mide is recommended for the treatment of SSc-ILD (Bradley 

et  al, 2008; Kowal-Bielecka et  al, 2009, 2015). In view of 

the significant potential toxicity of cyclophosphamide 

including bone marrow suppression, teratogeneity, gonadal 

failure and haemorrhagic cystitis, decisions concerning 

therapy with cyclophosphamide should be tailored individ-

ually based on assessment of the potential risk/benefit ratio.

Mycophenolate mofetil

Several small open-label studies or case series evaluating 

mycophenolate mofetil (MMF) in patients with SSc-ILD, 

early SSc and/or dSSc have been published. MMF, given 

at a dose of 1–2 g/day, alone or with steroids, improved 

or stabilised lung function over time for up to 12 months 

(Vanthuyne et  al, 2007; Gerbino et  al, 2008; Derk et  al, 

2009).

In an open, retrospective analysis including 172 SSc 

patients, the majority of whom (95%) had diffuse SSc, MMF 

was compared with other first-line immunosuppressive 

therapies (Nihtyanova et al, 2007). There was no significant 

between-group difference in change in FVC up to 5 years. 

Treatment with MMF was associated with a significantly 

lower incidence of clinically significant ILD and better 

5-year survival as compared with other immunosuppres-

sive drugs (survival from disease onset was 95.4% among 

the MMF cohort and 85.7% among controls; p=0.027). 

MMF was well tolerated. Adverse events developed in 12% 

of patients and resulted in treatment discontinuation in 8%.

The SLS-II study compared oral cyclophosphamide (2 

mg/kg/day) to MMF (up to 3 g/day) in a double-blind, 
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randomised, controlled study during 1 year with a 1-year 

double-blind continuation comparing MMF to placebo 

(cyclophosphamide having been stopped after 1 year, to 

be replaced by placebo). It showed that MMF and oral 

cyclophosphamide were equivalent for efficacy during the 

2-year study. Oral cyclophosphamide had a 6-month carry-

over effect but its effects disappeared at about 18 months. 

At that point, both MMF’s and cyclophosphamide’s effects 

decreased through the end of the 24-month study, although 

remaining better than baseline. Toxicity was higher in the 

cyclophosphamide arm for leukopenia and weight loss, with 

more serious adverse events on cyclophosphamide (8 vs 3) 

and two deaths in the cyclophosphamide arm compared 

with one on MMF (Tashkin et al, 2016).

Azathioprine

Azathioprine has been used for years as a steroid-sparing 

agent in the treatment of different forms of ILD, in partic-

ular ILD associated with connective tissue diseases (CTDs), 

although convincing evidence of its efficacy is lacking 

(Bradley et al, 2008). In a retrospective analysis of 11 SSc 

patients with severe or progressive ILD receiving azathi-

oprine and low-dose prednisone, three discontinued 

treatment secondary to side effects, while lung function 

remained stable in the remaining eight who received therapy 

for 1 year (Dheda et al, 2004). In the aforementioned FAST 

study, treatment with 6-monthly infusions of cyclophos-

phamide followed by another 6 months of therapy with 

azathioprine was associated with a trend toward improve-

ment in FVC as compared with the placebo group (Hoyles 

et al, 2006). Despite limited evidence for efficacy, azathio-

prine is occasionally used in SSc-ILD, either after an initial 

course of cyclophosphamide or as first choice treatment by 

some pulmonologists.

Methotrexate

Methotrexate (MTX) therapy in ILD is controversial. MTX 

might induce lung injury through allergic, cytotoxic or 

immunological reactions (Arakawa et al, 2003). However, 

this effect is very infrequent, unpredictable and, if it occurs, 

does so early.

MTX has been investigated in two RCTs involving SSc 

patients with early (diffuse and/or progressing) disease 

(van den Hoogen et al, 1996; Pope et al, 2001). MTX given 

orally or intramuscularly, 15−17.5 mg/week, improved the 

skin and global assessment. A Bayesian analysis of these 

two trials pointed out that there was a 90.2% probability 

of skin response when using MTX (Johnson et  al, 2009). 

On the other hand, MTX showed only a trend to stabilise 

lung function (not statistically significant) over 12 months. 

In both trials the withdrawal rate was high, mainly due to 

treatment inefficacy: 13 out of 35 patients (37%) withdrew 

from the MTX group compared with 11 out of 36 (31%) 

patients in the placebo group (Pope et  al, 2001). MTX 

toxicity was low, consisting mainly of transient abnormal-

ities in liver enzymes or oral ulcers. These are well-known 

side effects of MTX therapy and easily treated with folic 

acid or decreasing/discontinuing the MTX. It should be 

noted that the doses of MTX used in both trials (15 mg/

week) were lower than those used in current clinical prac-

tice.

Considering the rare chance that MTX-related pulmo-

nary complications can occur, regular monitoring including 

medical history, physical examination and PFTs is advisable 

in SSc patients treated with MTX (Kowal-Bielecka and 

Distler, 2010).

Ciclosporin and tacrolimus

Ciclosporin, a calcineurin inhibitor, has not been evalu-

ated in SSc in an RCT. Small open-label studies including 

patients with early and/or severe SSc showed no significant 

effect on internal organ involvement including lung func-

tion, although the skin improved (Gisslinger et  al, 1991; 

Clements et al, 1993). Renal side effects and hypertension, 

both characteristic of ciclosporin, were frequent but usually 

dose dependent and transient.

Another calcineurin inhibitor, tacrolimus, was evalu-

ated in a series of eight SSc patients who did not adequately 

respond to or could not tolerate ciclosporin (Morton and 

Powell, 2000). One patient had to stop tacrolimus due to 

diarrhoea and three others withdrew due to treatment 

inefficacy. In two of the four patients who continued tacro-

limus treatment, skin disease improved. However, no data 

concerning lung involvement were available.

Rapamycin

Rapamycin, which blocks T cell function and collagen 

production through inhibition of mammalian target of 

rapamycin, was recently compared with MTX in a small, 

single-blind trial including 18 dSSc patients with short 

(≤5 years) disease duration (Su et  al, 2009). Rapamycin 

treatment was associated with frequent occurrence of 

hypertriglyceridaemia, which was generally well tolerated 

and treatable. The frequency of other side effects and with-

drawal rate were comparable between the rapamycin and 

MTX groups. Both rapamycin and MTX improved skin 
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disease. FVC significantly decreased, while global assess-

ment improved in the rapamycin group; however, the low 

number of patients receiving rapamycin (n=7) does not 

allow any firm conclusions concerning treatment efficacy 

at this point.

Steroids

High or even moderate-dose steroids (>10–15 mg/day 

prednisone equivalent) are usually to be avoided in SSc-as-

sociated ILD due to the risk that scleroderma renal crisis 

might be precipitated (Bradley et al, 2008; Kowal-Bielecka 

et al, 2009). This recommendation is based on the results 

of only four retrospective analyses showing that treatment 

with steroids was associated with a higher risk of sclero-

derma renal crisis. The risk was particularly high in patients 

taking steroid doses ≥15 mg prednisolone per day (OR 8.83, 

95% CI 2.45 to 31.81) (Steen and Medsger, 1988). Regular 

observation of blood pressure and renal function are recom-

mended in SSc patients in whom steroids are prescribed 

(Kowal-Bielecka et al, 2009).

TNF α antagonists

Tumour necrosis factor α (TNFα) antagonists are widely 

used to treat different forms of inflammatory joint disease 

and are considered potentially helpful in the management 

of musculoskeletal involvement in SSc. However, there is 

little evidence concerning the efficacy of TNFα blockers in 

SSc (Distler et al, 2011; Phumethum et al, 2011). The use of 

TNFα antagonists for treating ILD remains controversial. 

Results of experimental studies suggest that TNF blockade 

might have a beneficial effect in pulmonary fibrosis (Oikon-

omou et al, 2006). On the other hand, therapy with TNFα 

inhibitors is associated with a risk of pulmonary complica-

tions including pulmonary tuberculosis.

In an exploratory, randomised, double-blind, place-

bo-controlled trial in IPF, etanercept, given at a dose of 

25 mg two times per week for 48 weeks, showed no signifi-

cant effect on lung function (Raghu et al, 2008). Etanercept 

was well tolerated and the frequency of adverse events was 

comparable between the etanercept and placebo groups.

In a small open-label pilot study including patients with 

dSSc or case series of patients with ILD related to connec-

tive tissue diseases (including one with SSc-ILD), treatment 

with anti-TNF agents was associated with stabilisation of 

lung function (Antoniou et al, 2007; Denton et al, 2009). On 

the other hand, other groups reported fatal exacerbation of 

SSc-ILD after therapy with anti-TNF agents (Allanore et al, 

2006).

In a recently published consensus of the experts from the 

EUSTAR group, most of the experts do not recommend the 

routine use of TNFα antagonists in SSc until evaluated in 

RCTs (Distler et al, 2011).

Anti-CD20 therapies

Rituximab, a chimeric monoclonal antibody against 

human CD20 that depletes peripheral B cells, was evalu-

ated in a small open-label study involving 14 patients with 

SSc-ILD (Daoussis et al, 2010). Eight of these 14 patients 

were randomly allocated to rituximab and received ritux-

imab intravenously, 375 mg/m2/week for the first 4 weeks, 

in addition to background immunosuppressive therapy. 

Rituximab infusions were repeated after 6 months. The 

remaining six patients on standard immunosuppres-

sive treatment comprised the control group. After 1 year, 

rituximab treatment was associated with a statistical but 

not clinically significant improvement in FVC (from 

68.13±19.69% to 75.63±19.73%; p<0.05) and a border-

line clinically significant improvement in DLCO (from 

52.25±20.71% to 62±23.21%; p=0.06) as compared with the 

controls. The responders were those whose collagen depo-

sition in the skin was decreased (Daoussis et al, 2010).

Other small open studies involving SSc patients with 

diffuse disease also demonstrated stabilisation or improve-

ment in lung function under rituximab therapy (Lafyatis 

et al, 2009; Bosello et al, 2010; Smith et al, 2010; Giuggioli 

et al, 2015).

A recently published case-control study indicated that 

in SSc-ILD patients rituximab prevented decline in FVC as 

compared with matched controls (0.4±4.4% vs –7.7±3.6%; 

p=0.02) (Jordan et al, 2015). 

A larger, NIH-supported, randomised placebo-con-

trolled trial of rituximab versus placebo for pulmonary 

hypertension is underway and results are eagerly awaited 

(NCT01086540).

Of note, therapy with rituximab was well tolerated with 

infusion site reactions and minor infections being the most 

frequent side effects.

Tocilizumab

Anti-IL-6 therapy has been approved for rheumatoid 

arthritis and other diseases. There are adequate reasons 

for using it in SSc. A phase II trial comparing tocilizumab 

with placebo has been published and was encouraging. At 

48 weeks, mRSS differences trended towards significance 

(p<0.06) and there was also a statistical difference favouring 

FVC in the tocilizumab group (p=0.0001). Toxicity 
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approximated that of placebo. A phase III trial is under way 

(Khanna et al, 2018). 

High-dose immunosuppressive therapy with 

stem cell transplantation

The results of two RCTs evaluating the efficacy and safety 

of high-dose immunosuppressive therapy with subsequent 

haematopoietic stem cell transplantation (HSCT) have 

been published so far (Burt et al, 2011; van Laar et al, 2014). 

An open-label, randomised, controlled phase 2 trial 

compared high-dose immunosuppressive therapy with 

subsequent HSCT with standard therapy with cyclophospha-

mide (intravenously, 1.0 g/m2 once per month for 6 months). 

All 10 patients randomly allocated to receive HSCT reached 

the primary end point (defined as a decrease in mRSS (>25% 

for those with an initial mRSS >14) or an increase in FVC 

>10%) at or before 12 months’ follow-up, compared with 

none of nine allocated to cyclophosphamide (OR 110, 95% 

CI 14.04 to ∞; p=0.00001). Improvement in FVC persisted 

for up to 2 years of follow-up (Burt et al, 2011).

Another open, phase 2, controlled trial (Autologous 

Stem Cell Transplantation International Scleroderma, 

ASTIS) including 156 early diffuse SSc patients, indicated 

that HSCT treatment was associated with lower overall 

risk of death as compared with cyclophosphamide pulse 

therapy (intravenously, 750 mg/m²/month for 12 months), 

despite 10% treatment-related mortality in the HSCT group 

(van Laar et al, 2014). HSCT therapy was associated with 

improvement or stabilisation in lung volumes and FVC, but 

no significant effect on DLCO was seen. Stem cell therapy 

should be considered in carefully selected patients with 

progressive SSc and risk of organ failure, including patients 

with progressive SSc-ILD. However, in view of the high risk 

of treatment-related side effects and early treatment-related 

mortality, careful selection of patients for this kind of treat-

ment and the experience of the medical team are of key 

importance, and it might be wise deliver this treatment in 

experienced centres (Kowal-Bielecka et al, 2015).

The Scleroderma Cyclophosphamide or Transplant 

(SCOT) trial is a randomised trial of intravenous cyclophos-

phamide versus autologous HSCT in active, poor-prognosis 

systemic sclerosis (Sullivan et  al, 2012). Inclusion and 

exclusion criteria are very similar to those in the ASTIS 

trial mentioned above although treatment included radi-

ation and less cyclophosphamide during induction. The 

outcome measure was a hierarchical, combined outcome 

measure including death, event-free survival, change in 

lung function, change in activities of daily living and change 

in skin score, with higher numbers denoting improvement: 

a score of 17 indicated HSCT improvement, while a score of 

–6 indicated cyclophosphamide efficacy (p=0.03). Toxicity 

was frequent but equal in both arms, with serious adverse 

events seen in about 78% of the HSCT group and in about 

72% of the cyclophosphamide group.

Antifibrotic therapies
D-penicillamine

Despite encouraging results from a retrospective analysis 

(Steen et al, 1982), the beneficial effects of D-penicillamine 

on lung function were not confirmed by a subsequent RCT 

involving patients with early dSSc (Clements et  al, 1999). 

There was no significant difference in the PFTs between low 

and high-dose D-penicillamine groups over 2 years. The 

study is negative.

Bosentan

Bosentan is a non-selective antagonist of endothelin recep-

tors which treats pulmonary arterial hypertension (PAH) 

effectively and prevents digital ulcers in systemic sclerosis. 

Based on evidence of increased expression of endothelin in 

the lungs of patients with ILD, and the results of in vitro 

experiments showing its antifibrotic properties, bosentan 

was evaluated in an RCT of patients with SSc-ILD (Seibold 

et al, 2010). A total of 170 patients with severe or progres-

sive SSc-ILD were included. Bosentan, given orally at a dose 

of 62.5 mg two times per day for the first month and 125 

mg two times per day for the following 11 months, did not 

improve 6MWT versus placebo nor did it improve lung 

function tests. At present there is no rationale for the use of 

bosentan in patients with SSc-ILD.

Imatinib mesylate

Imatinib mesylate is a potent inhibitor of transforming 

growth factor β (TGFβ) and platelet-derived growth factor 

(PDGF)—two cytokines which probably play key roles 

in fibrotic disease including SSc and ILD. In a recently 

published phase I/IIa open-label pilot study involving 

20 patients with clinically significant SSc-ILD, imatinib 

mesylate given orally up to 600 mg/day for 1 year showed 

a trend toward improvement in lung function parameters 

over time (Khanna et al, 2011b). Over a 1-year period, the 

FVC % predicted increased by 1.74%, TLC % predicted 

by 4.17%, and DLCO % predicted by 1.46% (for all: 

p>0.05 vs baseline). Treatment with imatinib was associ-

ated with a high frequency of side effects which resulted 

in premature withdrawal of five (25%) of the patients. 
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Common adverse events (≥20%) included fatigue, facial/

lower extremity oedema, nausea and vomiting, diarrhoea, 

generalised rash and new onset proteinuria (Khanna 

et  al, 2011b). Poor tolerability and high adverse events 

with lower doses of imatinib (400 mg/day) have also been 

observed in another pilot study involving patients with 

dSSc and resulted in discontinuation of patient enrolment 

(Pope et al, 2011).

On the other hand, Spiera et al. (2011), in an open-label 

trial of 30 patients with dSSc using up to 400 mg imatinib 

daily, showed improved skin scores and FVC values 

(on average by 6.4% predicted; p=0.008) over 1 year as 

compared with baseline. The greatest improvement in FVC 

was seen in patients without evidence of SSc-ILD on chest 

CT (an average increase of 10.7%; p=0.01), while those 

with SSc-ILD remained stable with respect to their FVC 

(2.1%; p=0.36). No significant differences were found in 

DLCO change in patients with SSc-SLD (+9.9%, p=0.09) 

or in those without SSc-ILD (1.0%, p=0.81). Six patients 

(20%) withdrew from the study, only two of them due to 

possible treatment-related adverse events. A significant 

FVC improvement in patients without SSc-ILD on CT 

might suggest that improvement in lung volumes could 

be due to softening of the skin over the chest rather than 

improvement in ILD. Interestingly, an average change in 

FVC of 2.1% found by Spiera et al. (2011) in patients with 

SSc-ILD was comparable with that reported by Khanna 

et  al. (2011b) (1.74%) in their cohort of patients with 

SSc-ILD. Of note, a recent randomised, double-blind, 

placebo-controlled trial did not show benefit of imatinib 

therapy in IPF, although there is an ongoing RCT in 

chronic obstructive pulmonary disease (COPD) (Daniels 

et al, 2010).

Combination therapy with imatinib (at doses ranging 

from 100 mg/day to 400 mg/day) and cyclophosphamide 

(500 mg every 3 weeks, intravenously) was evaluated in 

a series of five patients with moderate/severe SSc-ILD. 

Treatment was well tolerated and did not result in any 

major side effects which warranted the discontinuation 

of treatment. However, only two patients were able to 

complete 12 months of therapy. The remaining three either 

died due to pulmonary complications (n=2) or underwent 

successful lung transplantation (n=1). Modest improve-

ment in pulmonary function was seen in only one patient 

with less severe lung disease (Sabnani et  al, 2009). The 

place of this tyrosine kinase inhibitor and a more potent 

congener (eg, dasatinib) in the treatment of SSc-ILD is not 

yet clear.

N-acetylcysteine

N-acetylcysteine, 600 mg three times daily orally, in addi-

tion to azathioprine (2 mg/kg/day, maximum 150 mg/

day) and prednisone improved lung volumes in patients 

with idiopathic interstitial pneumonia, as compared with 

azathioprine and prednisolone alone (Demedts et al, 2005). 

However, in the most recent RCT involving patients with 

IPF, combination therapy with N-acetylcysteine, prednisone 

and azathioprine was associated with a significantly higher 

risk of death and hospitalisation rates as compared with 

placebo (Raghu et al, 2012). These observations, together 

with no evidence for clinical or physiological benefit of 

combination therapy, led to the premature termination of 

the combination therapy arm of the study. Comparison of 

N-acetylcysteine alone with placebo in IPF is ongoing and 

should clarify the role of N-acetylcysteine in the manage-

ment of this patient population (Raghu et al, 2012).

So far only one, small (n=21), 1-year, double-blind mono-

therapy clinical trial has investigated up to 12 g/day oral 

N-acetylcysteine in the overall population of patients with 

SSc and showed good tolerance of treatment but no effect on 

organ involvement. The size of this study does not allow a 

definitive conclusion, although the mean changes in the two 

groups argue strongly against an effect (Furst et al, 1979).

Pirfenidone

A meta-analysis of four trials involving 1155 patients with 

IPF (although not SSc) indicated that pirfenidone improves 

progression-free survival and FVC, as compared with placebo 

(Spagnolo et al, 2010). At present no data concerning pirfeni-

done in SSc-ILD are available except for single clinical cases 

(Nagai et al, 2002). A well-controlled RCT is underway.

Sildenafil

Sildenafil is a selective phosphodiesterase-5 inhibitor which 

proved effective in the treatment of PAH and has been 

recommended for the treatment of different forms of PAH 

including PAH associated with SSc. Recently, sildenafil was 

evaluated in an RCT involving 180 patients with advanced 

IPF (defined as DLCO <35% of the predicted value) (Zisman 

et al, 2010). The primary end point, defined as the propor-

tion of patients with an increase in the 6MWD of ≥20%, 

was not reached, but there were small but significant differ-

ences in several secondary outcome measures favouring the 

sildenafil group. Sildenafil given at a dose of 20 mg three 

times daily over 12 weeks improved DLCO (mean, range of 

placebo-corrected change: 1.55%, 0.08–3.01% of predicted 

value; p=0.04), arterial oxygenation (1.21%, 0–2.42%) and 
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partial pressure of oxygen in arterial blood (3.02, 0.50–5.53 

mm Hg). These improvements in lung function were paral-

leled by improvements in some dyspnoea and quality of 

life scores. The FVC remained stable over the study period 

(0.32%, −1.12% to 1.76% of predicted; p=0.66) (Zisman et al, 

2010). These findings are consistent with the assumption 

that sildenafil improves blood flow through well-ventilated 

parts of the lungs. No conclusion concerning the effect of 

sildenafil on the process of lung fibrosis can be made at 

present. No data concerning the efficacy of sildenafil in the 

management of SSc-ILD are available so far.

Lung transplantation
The introduction of an appropriate allocation system for 

lung transplantation has been a major advance. Lung trans-

plants have been carried out at two centres in approximately 

35 SSc patients, who showed an encouraging survival rate at 

1 year of 80–93%. The survival rate of 50–70% at 3–5 years 

is similar to that of IPF. Oesophageal dysmotility, secondary 

to the suspicion of recurrent aspiration and failure of the 

transplant, remains an issue and is being treated differently 

in the Pittsburgh/Baltimore centre compared to that in Los 

Angeles. A more liberal approach in Los Angeles (allowing 

up to moderate involvement as long as there is acid and 

symptom control) does not seem to decrease survival 

(Shitrit et al, 2009; Saggar et al, 2010; Tan et al, 2011).

Supportive care
In addition to pharmacotherapy, supportive care may 

have an important role in the treatment of SSc-ILD, 

although there are no relevant data. Supportive care 

includes education of patients and their caregivers as 

AQ32

AQ33

Summary points

•	 Interstitial lung disease (ILD) is a frequent complication and the major cause of death in systemic 

sclerosis (SSc).

•	 Patients with diffuse SSc and with limited SSc should be carefully evaluated with respect to the 

presence of SSc-ILD.

•	 Regular monitoring of SSc patients allows early detection of lung impairment.

•	 In patients with SSc-ILD, the severity of lung disease is the major determinant of survival.

•	 Pulmonary function tests play a central role in monitoring the progression of SSc-ILD and its 

response to therapy.

•	 High-resolution CT of the lungs provides key information for the detection of SSc-ILD and, 

together with PFT, allows assessment of SSc-ILD severity and prognosis.

•	 Management of SSc-ILD should be based on a complex approach including proper assessment, 

pharmacotherapy, supportive care and rehabilitation.

•	 Immunosuppressive therapies might be helpful in SSc-ILD, although only cyclophosphamide has 

shown a statistically significant, albeit clinically modest and relatively transient, improvement 

in lung volumes in randomised controlled trials (RCT). The preliminary results of another RCT 

indicate that mycophenolate mofetil has an effect comparable to that of cyclophosphamide on 

forced vital capacity (FVC) in patients with SSc-ILD.

•	 Because of the wide variability in the clinical course of SSc-ILD, management of patients with 

SSc-ILD should be individually designed based on an assessment of lung disease activity, markers 

of worse prognosis, and consideration of the benefit/risk ratio.

•	 Therapy is warranted in patients with severe and/or progressive SSc-ILD, since they are at higher 

risk of lung disease progression and death.

•	 In view of the limited evidence concerning the efficacy of therapies for SSc-ILD, their potential 

toxicities and the systemic character of SSc, clinical experience has a central role in care.
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well as the prevention and treatment of all conditions 

which can cause additional deterioration in lung function 

(Bradley et al, 2008).

As a general principle, patients should be strongly 

advised to stop smoking and should receive smoking cessa-

tion support if required. Prophylactic vaccination against 

influenza and pneumococcal infection is recommended 

in patients with SSc-ILD unless contraindicated (Khanna 

et al, 2011a). The risk of respiratory tract infection should 

always be kept under consideration and potential infections 

should be treated aggressively.

Gastrointestinal reflux is frequently present in SSc 

patients and might contribute to lung injury through aspi-

ration of gastrointestinal content (Christmann et al, 2010). 

Therefore, aggressive therapy of reflux, with elevation of the 

head of the bed, and combinations of proton pump inhib-

itors and H2 blockers plus antacids, should be considered. 

Gastric emptying delay and bacterial overgrowth should be 

evaluated and treated if present.

In patients with hypoxaemia, oxygen supplementation 

might be required and is often of symptomatic benefit. 

Night-time oxygen supplementation is often better accepted 

by patients than more continuous use.

Rehabilitation
Data concerning the role of pulmonary rehabilitation 

in ILD are limited, and are non-existent in SSc-ILD. 

However, observational studies including patients with 

different forms of ILD show that pulmonary rehabil-

itation improves quality of life and exercise tolerance 

(Ferreira et al, 2009). According to the recent guidelines 

of the British Thoracic Society concerning the diagnosis 

and management of ILD, it is recommended that patients 

with ILD should have access to a local pulmonary reha-

bilitation programme (strength of recommendation: C) 

(Bradley et al, 2008).
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Introduction
Within the last two decades, pulmonary fibrosis and pulmo-

nary arterial hypertension (PAH) have become the leading 

causes of morbidity and mortality in patients with systemic 

sclerosis (SSc). The estimated 3-year survival among patients 

with PAH associated with SSc (PAH-SSc) is currently about 

50–60%. PAH is primarily a disease of pulmonary vascular 

resistance (PVR) caused by the proliferation and contrac-

tion of smooth muscle cells of the pulmonary arterioles 

(vessels <0.5 mm). PAH is a frequent complication of SSc 

and has a prevalence of about 10% due to proliferative arte-

rial pulmonary microangiopathy. In order to diagnose PAH, 

the following cardiopulmonary haemodynamics must be 

established: mean pulmonary artery pressure (mPAP) ≥25 

mm Hg, pulmonary capillary wedge pressure (PCWP) or 

left ventricular end diastolic pressure ≤15 mm Hg, and a 

PVR ≥240 dyne/s/cm–5 (3 WU) (Galiè et al, 2015b, 2016). 

Right heart catheterisation (RHC) should be performed in 

all cases in which PAH is suspected: it confirms the presence 

of pulmonary hypertension (PH) and enables the establish-

ment of a specific diagnosis of PAH, and also eliminates 

other cardiac causes and assesses the degree of right heart 

dysfunction.

Epidemiology
PAH is a frequent complication of SSc with a prevalence 

of 8–12% (Mukerjee et  al, 2003; Hachulla et  al, 2005). A 

meta-analysis of more than 3500 SSc patients showed that 

PAH prevalence in SSc, based on RHC, is slightly less than 

10% (Avouac et  al, 2010). We have recently investigated 

the incidence of PAH in SSc patients in a large, multi-

centre cohort study (Hachulla et al, 2009b). Using a revised 

screening algorithm for PAH diagnosis based on dyspnoea 

and Doppler echocardiographic evaluation of tricuspid 

regurgitant jet velocity (TRJ) for referral of patients for 

RHC, we followed 384 SSc patients without severe respi-

ratory disease or severe left heart disease at baseline for a 

mean of 41.03±5.66 months (median 40.92 months), and 

observed an overall incidence of PH of 1.37 cases per 100 

patient-years (95% CI 0.74 to 2.00). Among the 18 patients 

diagnosed with PH, cardiopulmonary haemodynamics 

were consistent with PAH in eight (incidence: 0.61 cases 

22
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with scleroderma
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Learning objectives

•	 To identify systemic sclerosis (SSc) patients at risk of pulmonary arterial hypertension (PAH).

•	 To explain why regular screening for PAH is needed in SSc.

•	 To use the most effective screening tools to detect PAH.

•	 To identify the different causes of pulmonary hypertension in SSc.

•	 To know how to treat and how to re-evaluate PAH-SSc patients.
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per 100 patient-years), with post-capillary PH in eight 

(incidence: 0.61 cases per 100 patient-years), and with PH 

due to pulmonary fibrosis in two (incidence: 0.15 cases per 

100 patient-years). In all cases, RHC was necessary for the 

diagnosis of PAH, as well as for excluding a diagnosis of 

post-capillary PH.

PAH is generally considered a late complication of limited 

cutaneous SSc (lcSSc) (Medsger, 2003). Previous reports of 

the length of time between diagnosis of SSc and onset of 

PAH vary according to the study, ranging from 9.08±6.6 

years (MacGregor et al, 2001) to 14±5 years (Mukerjee et al, 

2003). We observed that PAH diagnosis occurred a mean 

of 6.3±6.6 years after the first non-Raynaud’s phenom-

enon symptom of SSc was seen (Hachulla et  al, 2009c). 

PAH can occur at any time following the diagnosis of SSc, 

in about half of cases within the first 5 years following the 

first non-Raynaud’s symptom. The risk of PAH increases 

regularly over time, with cumulative incidences at 5, 10 

and 15 years of follow-up of 2%, 9% and 15%, respectively 

(Nihtyanova et al, 2014).

We observed that patients with early-onset PAH were 

older at the time of SSc diagnosis, had more severe pulmo-

nary vascular disease, and had a lower cardiac index and 

higher PVR than patients with late-onset PAH. Since the 

mean age at the time of PAH diagnosis in the two groups 

was similar, these results suggest that patients who develop 

SSc later in life may experience more rapid and severe 

pulmonary vascular involvement that results in earlier 

onset of PAH (Hachulla et  al, 2009c). The reasons why 

patients with late-onset PAH and more severe haemody-

namic parameters exhibit the same survival rate as patients 

with early-onset PAH require further investigation.

Risk factors
A number of patient, clinical and disease-specific factors 

which may be associated with the development of PAH in 

SSc have been identified. In general, there are conflicting 

data regarding the link between patient-specific factors 

and the likelihood of PAH in SSc. For example, older age 

has been identified as a risk factor in some studies (Chang 

et al, 2006; Avouac et al, 2010; Coghlan et al, 2014). This 

is possibly due to the effect of disease duration or of older 

age at onset of SSc, both of which have been shown to be 

risk factors for PAH associated with SSc (Schachna et  al, 

2003; Avouac et al, 2010); however, this link has not been 

shown in all studies (Plastiras et al, 2007). In women, the 

risk of PAH-SSc has been reported to be increased during 

the post-menopausal period and linked with a decrease 

in the protective effects of oestrogens on the endothelium 

(Scorza et  al, 2002; Beretta et  al, 2006). Clinical factors 

linked to PAH development include the degree of skin 

involvement and more severe peripheral vascular disease 

(Raynaud’s phenomenon and digital ulcers), and the pres-

ence of pulmonary fibrosis, microstomia, gastroesophageal 

reflux and dysphagia, although not all studies have found 

the same associations (Steen and Medsger, 2003; Plastiras 

et al, 2007; Coral-Alvarado et al, 2008; Avouac et al, 2010), 

so this issue is controversial. A study of 938 SSc patients 

found no association between digital ulcers or digital isch-

aemia and the development of PAH (Khimdas et al, 2011). 

The strong association of PAH with >10 telangiectasias and 

the lack of an association with digital ulcers, renal crisis and 

digital ischaemia suggest a shared pathogenesis with micro-

vascular rather than macrovascular manifestations of SSc. 

Patients with lcSSc are generally considered at greater risk 

of PAH than patients with diffuse cutaneous SSc (dcSSc) 

(MacGregor et al, 2001; Scorza et al, 2002; Chang et al, 2006). 

However, the diagnosis of PAH was often not based on RHC 

and, therefore, a false positive diagnosis of PAH or the exis-

tence of post-capillary PH cannot be excluded in a significant 

proportion of cases. The frequency of dcSSc observed in our 

population (22% of our 78 patients with PAH associated with 

SSc) (MacGregor et al, 2001) reflects the frequency of 25% 

reported among 148 patients with PAH in the Royal Free 

Hospital population (Mukerjee et al, 2003). In an analysis of 

incident SSc patients, Nihtyanova et al (2014) found that the 

prevalence of catheter-confirmed PAH was similar in dcSSc 

(15%) and lcSSc (9%) over the first 15 years from diagnosis. 

Therefore, PAH should not be considered to be a specific 

vascular complication of lcSSc alone. In general, PAH has 

been considered a late complication, predominantly affecting 

patients with lcSSc; however, as discussed, lcSSc patients can 

have early-onset PAH (Hachulla et  al, 2009c) and PAH is 

almost as frequent in patients with dcSSc (Hunzelmann et al, 

2008; Nihtyanova et  al, 2010). A multivariable predictive 

model for PH (including PAH and PH associated with inter-

stitial lung disease) included greater age at SSc onset, lower 

DL
CO

, higher serum creatinine level, anti-RNA, polymerase 

III and anti-U3 RNP as positive predictors, while the pres-

ence of anti–topoisomerase I reduced the risk posed by PH 

(Nihtyanova et al, 2014). Of note in the DETECT study of 68 

clinical and serological variables, only relative reductions in 

gas transfer, telangiectasia, ACA positivity, NT-proBNP and 

urate were independently predictive of PAH (Coghlan et al, 

2014).
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Symptoms
The average delay between onset of symptoms to diag-

nosis is over 2 years in idiopathic PAH, but is not known 

in PAH-SSc (Condliffe et al, 2009). This delays treatment. 

PAH is often advanced by the time of diagnosis with >75% 

of patients in New York Heart Association (NYHA) func-

tional classes III or IV (box 1).

Symptoms occur only after there has been extensive 

pulmonary vascular obliteration. The pathological and 

haemodynamic changes are usually well established before 

a diagnosis is made. This underlines the importance of 

screening in this high-risk group.

The delay is due to the following:

 • The lack of symptoms until the condition is quite advanced

 • The vague, non-specific symptoms of PAH (breathless-

ness, tiredness, fatigue, leading to a misdiagnosis of ‘out 

of shape or unfit, depressed’)

 • The lack of a simple non-invasive ‘rule in’ or ‘rule out’ test

 • When symptoms occur, they may be incorrectly 

attributed to another cause of dyspnoea such as 

muscle deconditioning, interstitial lung disease (ILD), 

musculoskeletal problems or anaemia.

The most common symptom of PAH is gradually 

progressive shortness of breath noticed when patients exert 

themselves walking up hills or stairs or doing gardening or 

housework. Fatigue and weakness are common (table 1).

Feeling light-headed during exercise and exertional 

syncope indicates severe PAH. Ankle swelling, nausea and 

abdominal swelling reflect right heart failure.

Patients with PAH-SSc may believe these symptoms 

are simply part of their underlying disease. Screening 

programmes for PAH in this important and sizeable at-risk 

subgroup is aimed at detecting PAH early.

Signs of PAH
These depend on the severity of PAH, the presence of right 

heart failure, the SSc subtype, the age of the patient, and 

their ability to tolerate the increase in pulmonary artery 

pressure (PAP).

In early PAH the examination is often normal. The first 

physical signs include a loud P2 which may eventually be 

palpable. As the PAP and PVR increase, a pressure load is put 

on the right ventricle (RV), resulting in heart failure, tachy-

cardia, tachypnoea, cyanosis, raised venous pressure, murmur 

of tricuspid regurgitation, RV third sound, and an enlarged 

liver with oedema (which may not be present in SSc due to 

tightness of the skin), which should be looked for. Lung sounds 

are usually normal, although effusions reduce basal sounds 

and may lead to bronchial breathing due to compression. 

Crepitations reflect the presence of ILD, but rales may also be 

present in pulmonary veno-occlusive disease (PVOD).

Six-minute walk test
The 6 min walk test (6MWT) is a useful test of functional 

capacity; it is used to aid prognostic stratification, and to 

monitor the progression of disease and its response to treat-

ment. Guidelines are published by the American Thoracic 

Society. The corridor should be long enough (20–40 m) 

without obstacles (in clinic, these are most usually other 

patients) and patients should not be ‘encouraged’ during the 

test. Arterial oxygen saturations are measured before and 

after the test, and the BORG score (self-perceived level of 

discomfort during the test) assessed at the end of the test. In 

PAH-SSc, cardiac output correlates with the 6MWT but has 

limitations in some patients and patient groups including 

elderly patients, and those with musculoskeletal problems, 

anaemia, etc (Condliffe et al, 2009; Sanges et al. 2015).

Screening for PAH
PAH is a progressive disease with an extremely poor prog-

nosis. PAH-SSc is particularly aggressive, accounting for 

Box 1 World Health Organization/New 
York Heart Association (WHO/NYHA) 
functional classification of pulmonary 
arterial hypertension (PAH).

Patients with PAH are classified into the follow-
ing WHO/NYHA functional classes:
I. No limitation of usual physical activity.
II.  Slight limitation of physical activity with 

ordinary activities but comfortable at 
rest. More than ordinary exertion causes 
breathlessness, fatigue, chest pain or syn-
cope.

III.  Marked limitation of physical activity with 
even slight exertion but comfortable at 
rest.

IV.  Patients are breathless and/or fatigued at 
rest and cannot carry out any physical ac-
tivity without symptoms. They have signs 
of right heart failure.
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30% of deaths among SSc patients (Steen and Medsger, 

2003); if left untreated, PAH-SSc is associated with a median 

survival time of 1 year following diagnosis (Koh et al, 1996; 

Kawut et  al, 2003). Recent advances in diagnostic tech-

niques and the emergence of evidence-based therapies for 

PAH facilitate earlier detection of the disease and, thus, 

earlier initiation of effective treatment. Early detection of 

PAH and prompt initiation of effective therapy is consid-

ered an essential component of disease management, as 

patients diagnosed earlier in the course of the disease have a 

more pronounced benefit from therapy (McLaughlin et al, 

2002; Sitbon et al, 2002).

Furthermore, the prevalence of RHC-proven PAH in 

large SSc patient cohorts is about 10%. This recognised 

predisposition of SSc patients to develop PAH as a complica-

tion means that, with regular screening, the early diagnosis 

of PAH is a realistic possibility in this patient population. 

Without screening, data from the French national registry 

have shown that the majority of patients are diagnosed 

in NYHA/WHO functional class (FC) III or IV, and, as 

such, are already severely comprised (Humbert et al, 2006, 

2010). Diagnosis of PAH in FC I or II is challenging, and, 

even when patients begin to deteriorate, symptoms are 

non-specific and patients can be reluctant to present to 

their physician. Therefore, despite the potential for earlier 

diagnosis, in reality PAH-SSc is still frequently identified 

late, with more than two-thirds of patients in FC III or IV at 

the time of diagnosis (Condliffe et al, 2009; Hachulla et al, 

2009a, 2009b).

Echocardiography is the single most effective screening 

tool for PAH in SSc. Based on the TRJ, the estimated systolic 

pulmonary artery pressure (sPAP) is calculated using the 

Bernoulli equation and adding the estimated right atrial 

pressure (RAP) (see below in the diagnosis and evaluation 

section). The European Society of Cardiology/European 

Respiratory Society (ESC/ERS) diagnostic algorithm in 

patients with suspected PAH is based on the maximal TRJ 

(Galiè et al, 2015b, 2016):

 • A patient with a TRJ ≤2.8 m/s or estimated sPAP ≤36 

mm Hg (assuming mean right atrial pressure (mRAP) is 

≤5 mm Hg) with no other PH signs has a low probability 

of PH, and RHC based on these measurements is not 

justified (in the absence of symptoms).

 • A patient with a TRJ >3.4 m/s or sPAP >50 mm Hg has a 

high probability of PH and RHC is indicated to confirm 

the diagnosis.

 • In patients with a TRJ between these extremes (ie, 

2.9−3.4 m/s), other additional indicators of PH should 

be considered and clinical judgment is required as to 

whether RHC is warranted.

This algorithm is relatively easy to employ and, using 

a slight adaptation of it (figure 1), it has been possible to 

detect PAH in SSc patients following RHC based on both 

echocardiographic readings and the presence or absence of 

dyspnoea. Importantly, with the use of this adapted algo-

rithm, 56.3% of patients were diagnosed in FC II (Hachulla 

et al, 2005, 2009b).

There are alternative structural and functional echocar-

diographic features that should be considered when assessing 

the need for diagnostic RHC. Structurally, an enlarged RV 

(right atrial (RA) area >16 cm2; RV area >12−13 cm2), 

even in the absence of an elevated TRJ, could indicate PH, 

although there is little consensus among echocardiographers. 

The international guidelines recommend echocardiog-

raphy as a screening test in asymptomatic patients with SSc 

for the detection of PH, followed by annual screening with 

echocardiography, DL
CO

 and biomarkers (in practice BNP/

NT-proBNP) (class I, level C) (Galiè et al, 2015b, 2016). 

Additional clinical information that may be indicative 

of PH is a diffusing capacity for carbon monoxide (DL
CO

) 

Preclinical Symptomatic Declining

Few symptoms manifest, or are 
mistaken for lack of fitness

Increasing dyspnoea on exertion
Decreasing exercise tolerance
Fatigue

Dyspnoea at rest
Severe impairment of exercise tolerance
Hypoxaemia
Syncope
Chest pain
Oedema
Right heart failure

WHO/NYHA class I WHO/NYHA class II–III WHO/NYHA class IV

NYHA, New York Heart Association.
(Adapted from the WHO Functional Assessment of PAH and from Rich (1988).)

Table 1 Clinical manifestations of pulmonary arterial hypertension (PAH) (the primary symptom is dyspnoea).
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<60% of the predicted value in the absence of extensive 

ILD (ie, disease extent on high-resolution computed 

tomography (HRCT) >20% and/or forced vital capacity 

(FVC) <70% of the predicted value) (Goh et  al, 2008). 

As reported by Steen and Medsger (2003), DL
CO

 may be 

significantly decreased to <60% of normal for many years 

before the occurrence of PAH; in contrast, although one in 

six PAH-SSc patients have a DL
CO

 >60% at PAH diagnosis, 

a normal DL
CO

 (>80% of normal value) may exclude the 

diagnosis of PAH (Hachulla et al, 2009c), although excep-

tions to this rule have been documented (Mukerjee et al, 

2004; Schreiber et  al, 2010). DL
CO

 together with periph-

eral oxygen saturation have recently been used to derive 

a pulmonary function formula which may help select 

those patients at risk of PAH who require RHC (Schreiber 

et al, 2010). A risk prediction score has also been recently 

proposed to identify the patient at risk of developing PAH, 

based on age, FVC and the DL
CO

/alveolar volume (VA) 

ratio (Meune et al, 2011). A decreased DL
CO

/VA ratio has 

been shown to be a predictor of PAH in SSc (Allanore et al, 

2008), and a decrease in DL
CO

 may predict the occurrence 

of PH several years later in SSc patients without signifi-

cant ILD (Steen and Medsger, 2003). However, although 

DL
CO

 does seem to be an important predictor of the 

potential occurrence of PAH and of mortality in patients 

who develop PAH (Chandra et  al, 2010), a cut-off value 

which completely excludes the possibility of PAH has yet 

to be defined (Mukerjee et al, 2004). Furthermore, DL
CO

 

does not appear to correlate closely with haemodynamic 

variables (Mukerjee et  al, 2004; Arunthari et  al, 2011), 

and does not independently predict the presence of PH 

(Delcour et al, 2010).

N-terminal pro-brain natriuretic peptide (NT-proBNP) 

values are also significantly correlated with haemody-

namics (Mukerjee et  al, 2003; Williams et  al, 2006); even 

with a normal echocardiogram, an NT-proBNP value >3 

times the upper limit of normal is highly suggestive of PH. 

Elevated NT-proBNP values may be predictive of PAH 

development in SSc patients (Allanore et al, 2008), and as 

NT-proBNP detection is simple and non-invasive, it may be 

an attractive screening tool to use alongside other parame-

ters. Unfortunately, an increased NT-proBNP value is not 

specific to PAH as the cause of myocardial stress; a high 

BNP or NT-proBNP does not differentiate left from right 

heart disease and cannot differentiate pre- from post-cap-

illary PH. Moreover, a normal NT-proBNP value does 

not exclude PAH (Cavagna et  al, 2010). Adding serum 

NT-proBNP >100 pg/mL and DL
CO

 <60% of expected to 

the echocardiography criteria captured an additional 27% 

of patients with PH (Khanna et al, 2010).

Figure 1 Screening protocol for systemic sclerosis patients. In the case of a tricuspid regurgitant jet velocity (TRJ) <2.8 m/s, pulmonary 

hypertension (PH) is unlikely if there are no indirect signs of PH, particularly if there is no right heart cavity enlargement. PH is unlikely if 

there are no other echocardiographic signs of PH. PAH, pulmonary arterial hypertension; RHC, right heart catheterisation; sPAP, systolic 

pulmonary artery pressure. (Adapted from Hachulla et al (2009b).)
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The DETECT study (Coghlan et  al, 2014) provides 

further insight into the strengths and limitations of echo-

cardiography-based screening studies and provides a new 

algorithm for screening. For example, we now know that 

20% of patients with PAH have a TRJ <2.5 m/s and 36% 

of patients have a TRJ <2.8 m/s; we also know that in a 

screening population, dyspnoea does not help differen-

tiate those with PAH from those without PH. This study 

focused on high-risk patients—those with SSc for over 3 

years (Nihtyanova et al, 2010) and a DL
CO

 <60%. From the 

ItinérAIR study (Hachulla et  al, 2005), we know that the 

prevalence of PAH was much lower in the 60% of the study 

population with a DL
CO

 >60% (1.2% vs 8%); however, as that 

study did not mandate catheterisation, the false negative 

rate was unknown. Nevertheless, we can take the relative 

frequency of identified PAH as indicative. As demonstrated 

in this and other studies, echocardiography lacks precision 

as a screening tool, and therefore performs optimally when 

presented with cases with a sufficiently high pre-test prob-

ability of PAH.

Of 466 patients catheterised, 31% (145) had PH, 19% 

(87) had PAH, 6% (30) had post-capillary PH, and 6% (27) 

had lung disease-associated PH. Allowing that the relative 

prevalence would be unchanged, we can deduce that in the 

ItinérAIR population if all the patients had been catheter-

ised, around 19% of those with a DL
CO

 <60% would have 

had PAH, suggesting that 11% of this subpopulation had 

PAH that was not identified. For those with a DL
CO

 >60%, 

it is likely that the prevalence of PAH would not have 

exceeded 3% (1.2%×(19/8)).

The model developed allows the use of clinical and 

simple investigations to determine a population that will 

not benefit from catheterisation (prevalence of PAH <4%). 

FVC/DL
CO

, anticentromeric antibody (ACA) status, telan-

giectasia, right axis deviation on ECG, NT-proBNP, serum 

urate, tricuspid velocity and RA area are all that are required 

to identify very low-risk patients.

Thus, we have identified two low-risk populations: those 

with a DL
CO

 >60% and 40% of those with a DL
CO

 <60% 

who do not need catheterisation based on screening find-

ings. Therefore on simple clinical and routine investigation 

results, we have identified nearly 80% of the population 

that have a very low risk of PAH. Catheterisation of the 

remainder will yield a diagnosis of PAH in 35% (a similar 

rate of false positives as obtained using the ESC protocol, 

but focused on high-risk patients).

A mobile phone app and online DETECT score calcu-

lator are available (except in the USA), allowing immediate 

application of this score in real time (www.detect-pah.com/

pah-risk-calculator/calculator-step-1). ESC/ERS guidance 

recommends the DETECT protocol (class IIb, level B) 

(Galiè et al, 2015b, 2016) despite clarity from this and other 

studies that an echocardiography first approach without 

population enrichment lacks specificity and sensitivity.

A final group worth mentioning comprises patients found 

to have borderline elevation of pulmonary pressures at cath-

eterisation. We have recently found that on follow-up such 

patients are nearly four times more likely to develop PAH 

(Valerio et al, 2013). In addition, we found that focusing on 

the population with an elevated transpulmonary gradient 

(TPG) >11 mm Hg more reliably identified a population 

that progressed to PAH (HR 7.9). The incidence of PAH 

was nearly 15% at 2 years in this group, making rescreening 

worthwhile despite exclusion of PAH at baseline.

These recent publications allow us to identify very 

low-risk groups that should not undergo catheterisation, to 

design studies of screening tools in populations with a suffi-

cient prevalence of PAH, and to design studies of predictive 

tools in populations with a sufficient incidence of PAH to 

allow meaningful statistical interrogation.

Diagnosis and evaluation
Diagnosis of PAH is suggested, in part, through the exclu-

sion of other diseases; pulmonary function tests (PFTs), 

including measurement of DL
CO

, chest x-ray, CT pulmonary 

angiography or ventilation/perfusion lung scans, HRCT 

scans, laboratory testing for underlying diseases, and ECG 

are all employed for detecting further signs of PAH or to 

diagnose a separate underlying cause. For example, TRJ 

from echocardiography can be used to suggest PH: using 

the Bernoulli equation (4×TRJ2), it allows calculation of 

the RA–RV gradient. An estimate of the systolic PAP can 

then be made, taking into account the RAP, estimated by 

the compliance and the diameter of the inferior vena cava 

(4×TRJ
2
+RAP) (figure 2).

Other potential signs of PH, such as dilation of the right 

heart cavities, pericardial effusion, or loss of septal curva-

ture, can also be assessed. TRJ >3 m/s (corresponding to a 

RA–RV gradient >36 mm Hg and, thus, an estimated sPAP 

>41 mm Hg) is suggestive of PH; an RHC is mandatory to 

confirm the diagnosis. Similarly, with a TRJ of 2.8–3 m/s 

in an SSc patient with symptoms unexplained by another 

cause, PH must be ruled out by RHC (Hachulla et al, 2005).

Table 2 shows arbitrary criteria for estimating the pres-

ence of PH based on TRJ and estimated pulmonary artery 
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systolic pressure (PASP) from echocardiography using a 

normal RAP of 5 mm Hg.

RHC is the gold standard for the diagnosis of PAH, as 

well as for providing prognostic parameters such as cardiac 

index and RAP (figures 3 and 4). In addition, under the 

appropriate circumstances, a volume loading test may be 

performed to identify post-capillary PH or diastolic left 

ventricle (LV) dysfunction, which is frequent in patients 

with SSc (de Groote et al, 2008; Hachulla et al, 2009b).

Definitions of PH and PAH
The mPAP in healthy individuals is 14±3 mm Hg with an 

upper limit of normal of 20 mm Hg. Table 3 shows the 

normal RHC values.

PH is a haemodynamic and pathophysiological abnor-

mality found in many clinical conditions, most commonly 

heart and lung diseases. Until recently PH was defined 

as an mPAP ≥25 mm Hg. This is the universally accepted 

 haemodynamic definition after the 4th World Symposium 

on Pulmonary Hypertension (Badesch et  al, 2009). The 

recent Task Force revisited the definition of PH, suggesting 

a new pressure level to define an abnormal elevation in the 

mPAP >20 mm Hg and the need for PVR ≥3 WU to define 

the presence of pre-capillary PH (Simonneau G et al, 2018).

Significance of mPAP of 21–24 mm Hg
The significance and prognosis of patients with a resting 

mPAP of 21–24 mm Hg is unclear. The pulmonary vascula-

ture may not be normal and some individuals with mPAP 

21–24 mm Hg may develop PH. It is not known which indi-

viduals progress, why they do, or when this occurs.

Estimate sPAP using Doppler echocardiography

Tricuspid regugitant jet (TRJ)=4.26

m/s

sPAP � 83 mm Hg

Bernoulli equation: tricuspid insufficiency peak gradient (TIPG)�4×TRJ2

sPAP�TIPG+right atrial pressure (RAP)�4×4.26×4.26�73+estimate RAP

IVC diameter

<1.5 cm

1.5–2.5 cm

>2.5 cm
>2.5 cm

Inspirated IVC diameter RAP (mm Hg)

Collapsed 0–5 mm Hg

5–10 mm Hg
10–20 mm Hg

>20 mm Hg

>50%
<50%

0

Estimate sPAP using Doppler echocardiography

Figure 2 Estimating systolic pulmonary artery pressure (sPAP) and 

right atrial pressure (RAP) using Doppler echocardiography. IVC, 

inferior vena cava. (Reproduced courtesy of P de Groote.)

Table 2 Arbitrary criteria for estimating the presence of 

pulmonary hypertension (PH) based on tricuspid regurgitant jet 

velocity (TRJ) and estimated pulmonary artery systolic pressure 

(PASP) from echocardiography using a normal right atrial pressure 

of 5 mm Hg (Galiè et al, 2015b, 2016).

TRJ m/s PASP 

(mm Hg)

Other 

findings

PH  

probability

≤2.8 ≤36 Nil Very low

≤2.8 ≤36 Yes Medium

2.9–3.3 37–50 Yes/no Medium

>3.4 50 Yes/no High

Figure 3 Right heart catheterisation showing a mean pulmonary 

artery pressure of 90 mm Hg.

Figure 4 Right heart catheterisation showing a mean pulmonary 

capillary wedge pressure of 13 mm Hg at end expiration.
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The HR for the development of PH over 5 years of 

follow-up in the 21–24 mm Hg group was 3.7 (95% CI 1.7 to 

8) compared with the reference group (mPAP ≤20 mm Hg) 

(Valerio et  al, 2013). A TPG ≥11 mm Hg at baseline also 

predicted PH with an HR of 7.9 (95% CI 2.7 to 23.5). Of 

the patients with borderline mean PAP, 18.5% (95% CI 

8.3% to 28.7%) developed PAH by 3 years of follow-up, 

and 27.1% (95% CI 13.9% to 40.3%) had PAH after 5 years. 

These patients should be carefully monitored. Neverthe-

less, prospective trials are required to determine whether 

patients with a mPAP between 21 and 24 mm Hg PH with 

PVR ≥3 WU might benefit from specific management.

mPAP during exercise
Previously, PH was also diagnosed if the mPAP during 

exercise was ≥30 mm Hg, even if the resting mPAP was <25 

mm Hg. This is no longer the case because the types and 

intensity of exercise were not standardised, and the mPAP 

response to exercise varies with age; healthy individuals 

commonly exceed an mPAP of 30 mm Hg during exercise.

Pulmonary vascular resistance
PVR is no longer part of the diagnostic criteria for PH or 

PAH. It is calculated as follows:

PVR = 
mPAP – mPCWP

CO

Haemodynamic classification of PH
Table 4 shows the haemodynamic classification of PH, 

dividing it into pre-capillary and post-capillary PH.

There are some caveats:

1. The PCWP may be high in SSc patients with lung 

diseases and large respiratory ‘swings’, giving a 

misleading diagnosis of post-capillary PH.

2. The PCWP may be falsely low in dehydrated patients 

with left ventricular diastolic dysfunction (LVDD).

3. The left ventricular end diastolic pressure (LVEDP) 

should be checked if there is doubt about the accuracy 

of the PCWP. 

4. PVR can be misleading. The PVR will be identical in 

patients with the same cardiac output (CO) if one has 

an mPAP of 28 mm Hg and PCWP of 14 mm Hg (TPG 

14 mm Hg), and the other an mPAP of 18 mm Hg and 

PCWP of 4 mm Hg (TPG 14 mm Hg). Repeat RHC may 

be required to identify those patients with progressive 

changes in the pulmonary microcirculation.

5. The majority of SSc patients are middle aged. Coronary 

artery disease (CAD) should not be overlooked as a cause 

of LVDD and a raised PCWP. Myocardial ischaemia 

may be precipitated by pulmonary vasodilators.

6. The mPAP may be spuriously low in severe PAH-SSc 

due to RV failure and a failure to generate an appropriate 

RV systolic pressure. A high RA and RV end diastolic 

pressure ≥10 mm Hg indicate RV decompensation.

7. CO may be reduced by either or both LV impairment 

(eg, myocardial infarction, severe aortic valve disease, 

mitral regurgitation, myocardial disease) or RV 

impairment due to severe PH. High CO may be found 

in systemic to pulmonary shunts, severe anaemia and 

hyperthyroidism.

Acute vasodilator studies are no longer recommended 

in PAH-SSc. Less than 5% of connective tissue disease 

(CTD) patients may have an acute vasodilator response, 

Variable Value

mRAP 0–5 mm Hg

RVEDP <5 mm Hg

PASP/PADP 20.4±4.4/8.8±3 mm Hg

mPAP 14±3.3 mm Hg

PCWP 8±2.9 mm Hg

Mixed venous O
2
 saturation 65–70%

CO 7.3±2.3 L/min

CI (CO/BSA) 4.1±1.3 L/min/m2

PVR 74±30 dyne/s/cm-5

BSA, body surface area; CI, cardiac index; CO, cardiac output; mPAP, 
mean pulmonary artery pressure; mRAP, mean right atrial pressure; 
PADP, pulmonary artery diastolic pressure; PAP, pulmonary 
artery pressure; PASP, pulmonary artery systolic pressure; PCWP, 
pulmonary artery capillary wedge pressure; PVR, pulmonary 
vascular resistance; RVEDP, right ventricular end diastolic pressure.

Table 3 Normal right heart catheterisation values.

Pre-capillary PH Post-capillary PH

mPAP ≥25 mm Hg mPAP ≥25 mm Hg

mPCWP ≤15 mm Hg PCWP ≥16 mm Hg

CO normal or reduced CO normal or reduced

‘Isolated’ DPG <7 mm Hg
and/or PVR ≤3 WU

‘Combined pre and post-
capillary PH’ DPG ≥7 
mm Hg and/or PVR >3 WU

CO, cardiac output; DPG, diastolic transpulmonary gradient; 
mPAP, mean pulmonary artery pressure; mPCWP, mean 
pulmonary capillary wedge pressure.

Table 4 Haemodynamic classification of pulmonary hypertension 

(PH) (Galiè et al, 2015b, 2016).
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but a long-term response to calcium channel blockers is 

exceptionally rare. Vasodilator testing is not worthwhile in 

PAH-SSc.

Identifying the causes of PH in SSc
It is difficult to quantitate the individual contributions 

to high PAP because there is no clear haemodynamic 

relationship between the extent of lung fibrosis or 

LV diastolic dysfunction and mPAP. Quantifying the 

extent  of lung fibrosis from PFTs or HRCT lung scans 

is difficult. 

Each of these various factors may be present to different 

degrees in SSc and may become dominant over time. It is 

important to characterise the main drivers of PH in each 

patient. The results from RHC, echocardiography, MRI, 

lung function testing and HRCT lung scanning provide 

complementary information to confirm and characterise 

the pathophysiology.

PH associated with chronic thromboembolic disease 

(CTED-PH) must also be excluded with ventilation/

perfusion (V/Q) scanning or CT pulmonary angiography 

(CTPA) or pulmonary angiography at the time of RHC.

A high mPAP in SSc may be due to:

1. PH with proliferative pulmonary vasculopathy (= PAH).

2. PH associated with lung fibrosis due to prominent 

parenchymal destruction. Diagnosing PAH is often 

difficult in scleroderma when there is associated ILD. 

The development of PAH in SSc must be differentiated 

from pulmonary fibrosis-associated PH. Distinguishing 

PAH from PH associated with pulmonary fibrosis is 

not always easy, especially since some patients can 

have both pulmonary fibrosis and a true pulmonary 

vasculopathy (PAH). However, if lung volumes (FVC 

and/or total lung capacity (TLC)) are <60% of the 

predicted value and mPAP is <35 mm Hg at rest, PH is 

deemed more likely to be related to pulmonary fibrosis 

(Simonneau et  al, 2004). When lung volumes (TLC 

and/or FVC) are >70% of the predicted value, the PH is 

considered more likely to be PAH. When lung volumes 

(TLC and/or FVC) are between 60% and 70% of the 

predicted value, the diagnosis becomes more difficult; 

however, if mPAP is >35 mm Hg, the PH is considered 

out of proportion (or reactive) and most probably 

reflects a true pulmonary artery microangiopathy. 

Nevertheless, as noted, PH due to hypoxaemia and 

PAH may coexist in SSc patients. In this review, we will 

mainly focus on PAH.

In addition, combined fibrosis and emphysema (CPFE) is 

more common in scleroderma and is frequently associated 

with severe PH. As this condition is generally associated 

with preserved lung volumes (although very reduced gas 

transfer), it is imperative that SSc-PAH is never diagnosed 

without undertaking CT scanning of the chest. Patients 

with emphysema and fibrosis have a much worse prognosis 

than those with PAH, and there is no evidence that they 

respond to advanced PAH therapies.

In summary:

 • An mPAP >35 mm Hg with a high PVR suggests an SSc 

pulmonary vasculopathy in addition to ILD-PH. 

 • DL
CO

 alone is insensitive (sensitivity 50%) for diagnosing 

PH in ILD patients.

 • FVC/DL
CO

 >1.4 identifies 70% of patients with PH. 

 • A TLC or FVC >70% combined with a DL
CO

 <60% is 

helpful in screening for PH.

SSc-PH associated with ILD has a worse prognosis 

compared with PAH-SSc (Condliffe et  al, 2009; Mathai 

et al, 2009; Launay et al, 2011). When mPAP is <35 mm Hg, 

the only PH treatment is oxygen. If mPAP is >35 mm Hg, 

although an associated arteriolar microangiopathy may 

be present, we have no evidence that PAH-specific drugs 

can improve survival, NYHA FC or 6MWT. Moreover, we 

have some data that PAH-specific drugs may be harmful in 

worsening V/Q mismatch and worsening hypoxaemia (Le 

Pavec et al, 2011).

3. Pulmonary venous hypertension (post-capillary PH). The 

most common cause of post-capillary PH is left heart 

disease—in SSc usually LV diastolic dysfunction due to 

a specific cardiomyopathy, less commonly LV systolic 

dysfunction or valvular disease.

Mechanisms responsible for the passive increase in PAP 

in left heart disease include:

 • ↑LVEDP,

 • ↑PCWP,

 • Hypoxia due to pulmonary oedema.

In these cases, the TPG (TPG=mPAP−PCWP), diastolic 

pressure difference (DPD) (DPD=dPAP−PCWP) and PVR 

are within the normal range.

4. Post-capillary PH higher than expected from PCWP 

(former ‘out of proportion’ or ‘reactive PH’). As TPG is 

influenced by all determinants of mPAP, including flow, 

resistance and left heart filling pressure, in contrast, 

diastolic PAP when compared with sPAP and mPAP 
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is less influenced by PCWP. For this reason, at the 

last PAH Nice symposium in 2013, it was proposed to 

use diastolic pressure gradient (DPG) (DPG=dPAP−

PCWP) to identify post-capillary PH with a pre-

capillary component (‘combined pre- and post-capillary 

PH’): PCWP >15 mm Hg and DPG ≥7 mm Hg (Vachiéry 

et al, 2013).

The DPG (dPAP−PCWP) in patients with ‘pure’ post-cap-

illary PH is ‘expected’ (defined by current ESC guidelines) 

to be <7 mm Hg and/or PVR ≤3 WU. In some patients with 

post-capillary PH due to left heart disease (valvular disease 

or LV impairment), and in chronic obstructive pulmonary 

disease (COPD), the mPAP is higher than expected; the 

DPG is ≥7 mm Hg and the PVR is >3 WU (240 dyne/s/

cm−5). 

The ‘combined pre- and post-capillary PH’ may be due 

to super-added pulmonary vasculopathy due to pulmonary 

arteriolar vasoconstriction and/or remodelling (PAH). To 

date, the evidence suggests that patients with post-capil-

lary pulmonary hypertension do not benefit from PAH 

therapies. In the only study to date selectively studying the 

‘combined pre and post-capillary PH’ group (Melody-1, 

NCT02070991), there was no evidence of benefit from 

macitentan.

5. Pulmonary veno-occlusive disease (PVOD) due to the 

more diffuse nature of the vascular lesions associated 

with scleroderma. PVOD is a less commonly recognised 

cause of pre-capillary PH in SSc, but it may be more 

common in SSc than previously thought (Dorfmüller 

et  al, 2007). When PVOD exists in SSc, it is usually 

also associated with arteriolar microangiopathy and 

may lead to hydrostatic pulmonary oedema without 

LV dysfunction, frequently after treatment with PAH-

specific vasodilators (Montani et al, 2008). Compared 

with isolated PAH, patients with PVOD often have 

more severe hypoxaemia and a more severe decrease of 

DL
CO

. HRCT demonstrating lymph node enlargement, 

centrilobular ground glass opacities and septal lines 

(radiological triad) are suggestive of PVOD in the 

setting of PH-SSc (Günther et  al, 2012). Similarly, 

occult alveolar haemorrhage on bronchoalveolar 

lavage in patients with PH is suggestive of PVOD. The 

diagnosis of PVOD is important, since pulmonary 

vasodilators are usually not useful in this form of 

PAH (they are sometimes harmful, with some patients 

developing pulmonary oedema on these therapies); 

lung transplantation is the treatment of choice. 
Diagnosing PVOD in SSc remains complex; recent 

data show that while patients with two or more CT 

signs of PVOD have a worse outcome than those with 

one or no features, overt PVOD remains rare even 

with aggressive treatment (Connolly, 2017).

6. Porto-pulmonary hypertension (POPH). POPH is a portal 

pressure gradient (the difference in pressure between 

the portal vein and the hepatic veins) of 5 mm Hg or 

greater. It has become numerically more important with 

the increased frequency of liver transplantation and its 

complications in patients with undiagnosed PAH.

7. Or any combination of these.

Prognosis
The 3-year survival rate of incident PAH-SSc patients with 

current treatment is about 55–65%. Before the era of specific 

PAH treatment, the 3-year survival rate for patients with 

PAH-SSc was <35% (Steen and Medsger, 2003). Recently, 

Williams et  al (2006) measured survival in two groups 

of matched patients with PAH associated with SSc: those 

treated with conventional medical therapy and prostanoids 

if needed (historical control group) and those treated with 

oral first-line treatment (current treatment era). Survival at 

1 year was 68% in the historical control group compared 

with 81% in the current treatment era group; the 2-year 

survival rates were 47% and 71%, respectively. Never-

theless, the 3-year survival of patients with incident PAH 

associated with SSc remains poor in the current era of 

treatment, at about 56% (Launay et al, 2012). Although we 

have more recent data in patients where a high proportion 

received combination therapy, outcomes appear to continue 

to improve (Sobanski, 2016) with 3- and 5-year survival at 

63% and 43%, respectively.

Mukerjee et al (2003) reported that the prognosis of PAH 

associated with SSc is better if mPAP is mildly elevated at 

diagnosis; in patients with mPAP <32 mm Hg, survival rates 

were 93% and 78% at 1 and 2 years, respectively. Our results 

are comparable: a 2-year survival rate of 100% in patients 

with mPAP <32 mm Hg at diagnosis. Although we cannot 

rule out lead time bias, these observations may indicate 

that early detection of PAH may improve prognosis. Earlier 

diagnosis of PAH is a sine qua non condition for earlier 

treatment. A PAH detection programme based on echocar-

diography is able to identify patients with milder forms of 

the disease, allowing earlier management (Humbert et  al, 

2011) and may improve survival. Whether earlier diagnosis 

is associated with increased life expectancy in SSc patients 

is not yet known.
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Table 5 indicates the signs and symptoms associated with 

prognosis and may help define the intensity of treatment 

that should be considered.

However, if a patient with PAH-SSc remains in FC I/

II after 4 months of treatment, the prognosis is relatively 

good compared with patients who have deteriorated to 

FC III/IV during this period (p=0.007). A cardiac index 

>2.71 L/min/m2 is also associated with a better prognosis 

than a cardiac index <2.71 L/min/m2 (p=0.03) (Launay 

et al, 2010). Therefore, it can be argued that surveillance 

RHC should be performed 4 months after initiation of 

PAH-specific therapy; if dyspnoea or FC status is not 

improved to appropriate levels and/or if the cardiac 

index remains <2.71 L/min/m2, more aggressive therapy 

should be considered. Another aim of treatment is to 

achieve a decrease in, and if possible normalisation of, 

the NT-proBNP level.

The prognosis of PAH associated with CTDs (CTD-

PAH) is considerably worse than idiopathic PAH (IPAH). 

The unadjusted comparative risk of death in CTD-PAH 

versus IPAH is 2.9 (Kawut et  al, 2003). The reduced 

survival of patients with CTD-PAH is due to the predom-

inance of PAH-SSc-associated lung fibrosis, gut problems, 

renal impairment and myocardial fibrosis. Prognosis in 

PAH is determined by RV function and the ability of the 

RV to increase its workload. The prognosis of PAH-SSc 

is generally worse than that of other forms of PAH due 

to associated heart and lung disease and other comorbid-

ities. In scleroderma with myocardial involvement, the 

RV response to increasing PAPs is blunted. RV failure 

Better prognosis Determinants of prognosis Worse prognosis

No Clinical signs of right  
ventricular insufficiency

Yes

Slow Progression Fast

No Syncope Yes

I, II Functional class (WHO/NYHA) IV

>500 m (age function) 6 min walk test <300 m

VO
2
 max >15 mL/min/kg Cardiopulmonary function VO

2
 max <12 mL/min/kg

Normal or quasi-normal BNP/NT-proBNP (plasma rate) Very high and increasing

Pericardial effusion TAPSE >2.0 cm Echocardiography Pericardial effusion TAPSE <1.5 cm

RAP <8 mm Hg and CI ≥2.5 L/min/m2 Haemodynamics RAP >15 mm Hg or CI ≤2.0 L/min/m2

BNP, brain natriuretic peptide; CI, cardiac index; NYHA, New York Heart Association; RAP, right atrial pressure; TAPSE, tricuspid annular 
plane systolic excursion.
(Adapted from Galiè et al. (2015b, 2016).)

Table 5 Prognostic factors according to recommendations.

Box 2 Dose response characteristics of 
specific pulmonary arterial hypertension 
(PAH) drugs.

•  Ambrisentan is the only endothelin receptor 
antagonist (ERA) that has been shown to have 
a dose–response curve (greater efficacy at 10 
mg than at 5 mg). Neither bosentan nor sitax-
sentan have shown increased efficacy with in-
creased dosage.

•  Phosphodiesterase type 5 (PDE-5) inhibitors 
appear to have flat dose responses. Sildena-
fil shows a flat dose–response curve between 
20 and 80 mg three times per day, at least in 
terms of walking distance. Tadalafil has only 
one proven dose of 40 mg/day.

•  By contrast prostanoids, epoprostenol and tre-
prostinil, show clear dose responses, but dose 
escalation is generally limited by side effects. 
Experience with intravenous epoprostenol over 
the last two decades has shown that in order to 
maintain efficacy, the dose has to be increased 
regularly. Despite large doses, published regis-
tries of patients treated with ambulatory epo-
prostenol show only a 63% survival rate at 3 
years, much better than without treatment, 
but still very poor, disappointing and demoral-
ising for a young population. Even for less sick 
patients receiving initial oral therapy (mainly 
ERA), the 3-year survival is <80%. The situation 
is significantly worse for patients with sclero-
derma-associated PAH, with a 3-year survival 
rate in the 2001–2006 UK registry of only 47%.
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and a fall in CO occur at lower PAP. MRI of the heart in 

PAH-SSc may show areas of myocardial fibrosis.

Treatment of PAH associated with SSc

Rationale for early diagnosis and 
treatment
Information about survival with current PAH-targeted 

therapies comes from registry data and not long-term 

randomised controlled trials (RCTs). It appears that survival 

after 3–5 years of treatment has improved. Meta-analysis 

of RCTs of all therapies shows that at 14 weeks, mortality 

has improved by 40%. Recent outcome trials have clearly 

demonstrated the benefits of pulmonary vasodilator 

therapy in reducing mortality/morbidity events in PAH 

(Pulido et  al, 2013; Galiè et  al, 2015a; McLaughlin et  al, 

2015). Importantly, these have also shown equivalent 

benefit in CTD-PAH. In two of these trials (Coghlan et al, 

2015; Gaine et  al, 2017), a significant improvement was 

seen in the PAH-SSc population when analysed in isolation. 

Taken together, these trials suggest that aggressive pulmo-

nary vasodilator therapy is optimal in CTD-PAH. Early 

diagnosis and treatment of PAH is therefore important.

Pathogenetic pathways targeted by 

therapies
All licensed therapies address three pathways:

 • The endothelin pathway using endothelin receptor 

blocking agents,

 • The nitric oxide pathway using phosphodiesterase-5 

inhibitors,

 • The prostacyclin pathway using prostanoids. 

Measure/treatment Class*-Level†

WHO-FC II WHO-FC III WHO-FC IV

Calcium channel blockers I C‡ I C‡ - -

Endothelin receptor 
antagonists

Ambrisentan I A I A IIb C

Bosentan I A I A IIb C

Macitentan§ I B I B IIb C

Phosphodiesterase type 5 
inhibitors

Sildenafil I A I A IIb C

Tadalafil I B I B IIb C

Vardenafil** IIb B IIb B IIb C

Guanylate cyclase 
stimulators

Riociguat I B I B IIb C

Prostacyclin analogues Epoprostenol Intravenous§ - - I A I A

Iloprost Inhaled - - I B IIb C

Intravenous** - - IIa C IIb C

Treprostinil Subcutaneous - - I B IIb C

Inhaled** - - I B IIb C

Intravenous¶ - - IIa C IIb C

Oral** - - IIb B - -

Beraprost** - - IIb B - -

IP receptor agonists Selexipag (oral)** I B I B - -

*Class of recommendation.
†Level of evidence.
‡Only in responders to acute vasoreactivity tests (class I) for idiopathic PAH, heritable PAH and PAH due to drugs; class IIa, for conditions 
associated with PAH.
§Time to clinical worsening as the primary endpoint in RCTs or drugs with demonstrated reduction in all-cause mortality.
¶In patients not tolerating the subcutaneous form.
**This drug was not approved by the EMA at the time of publication of these guidelines.
EMA, European Medicines Agency; PAH, pulmonary arterial hypertension; RCT, randomised controlled trial; WHO-FC, World Health 
Organization functional class.

Table 6 Levels of evidence for pulmonary arterial hypertension (PAH)-specific therapies and other treatments for PAH according to WHO 

functional class (FC) (Galiè et al, 2015b, 2016).
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Using more than one therapy to target more than one 

pathway (‘combination therapy’) becomes necessary and 

appears sensible in the majority of patients as their disease 

progresses, although the evidence base for this approach is 

still weak.

PAH is a progressive condition and patients deterio-

rate despite therapy. Frequent monitoring and evaluation 

of patients clinically and haemodynamically, and using 

other tests, is necessary so that changes in treatment can be 

made. One aim of treatment is to achieve decreasing and, if 

possible, normalisation of the NT-proBNP value.

Box 2 summarises the dose–response characteristics of 

the specific PAH drugs, and tables 6 and 7 provide the levels 

of evidence for these therapies as well as other treatments 

for PAH according to WHO FC.

Endothelin and endothelin receptor 
antagonists
Endothelin receptors

Endothelin-1 (ET-1) exerts effects through two receptor 

subtypes: ET-A and ET-B. ET-A receptors are located 

on smooth muscle cells and fibroblasts. ET-B receptors 

are localised on endothelial cells, smooth muscle cells 

and fibroblasts. Physiologically, the receptor types have 

opposing actions. Activation of ET-A mediates vasocon-

striction, proliferation, hypertrophy, cell migration and 

fibrosis. ET-B receptors mediate the clearance of circulating 

ET-1 in the lungs, kidney and liver, release of vasodilators 

and antiproliferative substances, nitric oxide (NO) and 

prostacyclin, resulting in vasodilatation. In theory, selective 

ET-A with resulting vasodilatation should be advantageous 

but this has not been shown clinically. There appears to be 

no clinically important difference between selective and 

non-selective endothelin receptor antagonists (ERAs).

Endothelin receptor antagonists

There have been no head-to-head studies comparing the 

efficacy or safety of the three available ERAs. They are 

considered to have similar efficacy and there is no evidence 

that one is superior or inferior in any type of PAH. The 

choice of ERA is based on the specialist’s individual experi-

ence and interpretation of the trials. 

All three ERAs have been shown in double-blind, place-

bo-controlled studies conducted over 16 weeks to:

 • Improve 6 min walk distance (6MWD) by around 36 m

 • Improve functional class

 • Improve haemodynamics

 • Slow down the rate of deterioration measured by an 

increase in the time to clinical worsening

 • Show persistence of benefit for at least 1 year (registry 

data)

 • Ambrisentan (when combined with tadalafil) and 

macitentan (alone or in combination with other PAH 

therapies) have been shown to improve long-term outcome 

in patients with PAH in placebo-controlled trials. Bosentan 

and ambrisentan are licensed in Europe for WHO classes 

II, III and IV, and classes III and IV in the UK.

The most serious adverse effect of ERAs is liver toxicity, 

which is clinically important when the transaminases are 

>3 times the upper limit of normal. This is perhaps least 

likely with ambrisentan, but with all ERAs it is usually 

reversible and dose dependent. All patients on ERAs must 

have monthly liver function tests; the drug may need to be 

discontinued if for any reason this is not done.

ERAs and CTD-PAH
There are no long-term RCTs showing a benefit of ERAs 

in CTD-PAH, but registry data suggested that current 

treatment strategies including bosentan were superior to 

Measure/treatment Class*-Level†

WHO-

FC II

WHO-

FC III

WHO-

FC IV

Ambrisentan + 
tadalafil‡

I B I B IIb C

Other ERA + PDE-5i IIa C IIa C IIb C

Bosentan + sildenafil + 
i.v. epoprostenol

- - IIa C IIa C

Bosentan + i.v. 
epoprostenol

- - IIa C IIa C

Other ERA or PDE-5i 
+ s.c. treprostinil

IIb C IIb C

Other ERA or 
PDE-5i + other i.v. 
prostacyclin analogues

IIb C IIb C

*Class of recommendation.
†Level of evidence.
‡Time to clinical failure as the primary endpoint in RCTs or 
drugs with demonstrated reduction in all-cause mortality 
(prospectively defined).
ERA, endothelin receptor antagonist; i.v., intravenous; PDE-5i, 
phosphodiesterase type 5 inhibitor; RCT, randomised controlled 
trial; s.c., subcutaneous; WHO-FC, WHO functional class.

Table 7 Levels of evidence for efficacy of initial combination 

pulmonary arterial hypertension (PAH)-specific therapies for 

PAH according to WHO functional class (FC) (Galiè et al, 2015b, 

2016).
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survival before the availability of this, the first ERA. Sitax-

sentan (which has been voluntarily withdrawn) was shown 

to be at least as good in a 1-year extension of the STRIDE 2 

trial. Registry data on ambrisentan showed similar survival 

in CTD-PAH as in IPAH. These data support ERA therapy 

as first-line treatment in PAH-SSc, although there is no 

evidence that ERAs are superior to other therapies.

Bosentan

Bosentan is an oral dual endothelin antagonist. It is also 

licensed for use in patients in WHO FC II and with coro-

nary heart disease (CHD) and Eisenmenger’s syndrome.

Dosage is started at 62.5 mg twice per day and increased 

to 125 mg twice per day after 1 month if there are no liver 

function test derangements or other important adverse 

effects. Registry data suggest that survival is increased at 

least in adults with IPAH.

Liver function test abnormalities occur in around 10% 

of patients. Peripheral oedema is not uncommon. Drug–

drug interactions are common with bosentan because of its 

induction of CYP3A4 and CYP2C9. Haemoglobin values 

may fall slightly. 

The recently completed COMPASS trial failed to show 

a significant reduction in clinical worsening events over 3 

years when bosentan is added to sildenafil in PAH patients. 

This suggests that while bosentan/sildenafil improves 

symptoms and exercise performance, there is limited prog-

nostic benefit using the combination (ClinicalTrials.gov 

Identifier: NCT00303459).

Sitaxsentan

Sitaxsentan was withdrawn from all clinical use in 2010 due 

to cases of unpredictable serious liver injury. This illustrates 

the potential for serious adverse effects from this group of 

drugs and the importance of close supervision and moni-

toring of patients, including monthly liver function tests. 

Sitaxsentan was an orally active mainly ET-A inhibitor. 

Dosage was 100 mg once per day. Post-marketing surveil-

lance studies and clinical trials showed reversible liver 

function test abnormalities in 4% of patients. Drug–drug 

interactions were less frequent than with bosentan. 

Ambrisentan

Ambrisentan mainly blocks ET-A receptors. Drug–drug 

interactions are less frequent compared with the other two 

ERAs. Liver function test abnormalities occur in 2% of 

patients. Peripheral oedema is comparatively uncommon. 

Dosage is either 5 mg or 10 mg once per day. The 

recently completed AMBITION trial showed that upfront 

combination of ambrisentan and tadalafil is superior to 

either agent alone in the prevention of treatment failure. 

The main driver of the 48% reduction in treatment failure 

events was hospitalisation for PAH (Hoeper et al, 2016).

Macitentan

Macitentan is a lipophilic dual ET-A and ET-B receptor 

blocker with prolonged dissociation kinetics. In the first 

ever pivotal trial in PAH where the outcome was morbidity/

mortality, macitentan proved superior to placebo, whether 

as single therapy or in combination with phosphodiesterase 

type 5 (PDE-5) or prostanoids (Pulido et al, 2013). 

Nitric oxide pathway
Phosphodiesterase inhibitors

NO deficiency has been documented in PAH. Inhaled NO 

is a powerful vasodilator in this condition, but is difficult 

to administer long term. PDE-5 is abundant in the lung 

and degrades cyclic guanosine monophosphate (cGMP), 

reducing NO production. Inhibitors of PDE-5 increase 

NO bioavailability with vasodilating and antiproliferative 

effects. There is no evidence that PDE-5 inhibitors are 

either superior or inferior to ERAs.

Sildenafil

Sildenafil is an orally active PDE-5 inhibitor. It is licensed for 

use at 20 mg three times per day based on the SUPER trial in 

PAH, where beneficial effects on symptoms, exercise capacity 

and haemodynamics were shown at 12 weeks. The dose is 

usually increased to 50 mg three times per day after 1 month. 

Maximum effects occur 60 min after administration.

Post hoc analysis suggests equivalent efficacy in the CTD 

population. Sildenafil 80 mg three times per day added to 

intravenous epoprostenol has been shown to improve exer-

cise capacity and delay clinical worsening, and reduce death 

rate. An intravenous preparation of sildenafil has been 

developed but availability is limited; however, it is useful in 

patients who temporarily cannot receive oral medication.

The side effects of sildenafil relate to vasodilation and 

include nasal congestion, occasionally nose bleeds, flushing 

and headaches. A rare but important side effect is non-arte-

ritic ischaemic optic neuropathy (NION) which can cause 

loss of vision. 

Drug interactions of note are profound hypotension with 

nitrates and nicorandil (important in a population prone to 

angina) and inhibition of sildenafil metabolism by protease 

inhibitors. If used with bosentan, sildenafil concentrations 

are reduced and bosentan concentrations increased due to 
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interaction via cytochrome P450 3A4. Higher doses of silde-

nafil should be considered if bosentan is also prescribed.

Tadalafil

Tadalafil is a once per day oral PDE-5 inhibitor licensed in 

some countries at 40 mg/day. In a large trial in Eisenmenger’s 

syndrome, tadalafil improved exercise performance, symp-

toms and haemodynamics. At 40 mg/day it delays time to 

clinical worsening. Maximum effects occur after 90 min. 

Additive benefit to background bosentan was also demon-

strated as nearly half the patients were on this background 

therapy in the trial.

The side effect profile is similar to that of sildenafil. 

Fewer drug–drug interactions occur, but the interaction 

with nicorandil and nitrates is universal with this group of 

drugs. It was shown in a recent study, not yet published, that 

first-line upfront therapy with ambrisentan and tadalafil 

reduces risk of clinical failure compared with monotherapy 

in patients with PAH in FC II and III. This may modify our 

first-line treatment strategy in the future when the study is 

published.

Soluble guanylate cyclase stimulators
Riociguat was the first approved soluble guanylate cyclase 

stimulator. It directly increases cGMP production inde-

pendent of NO, and increases the sensitivity of soluble 

guanylate cyclase to NO. Riociguat, up to 2.5 mg three 

times a day, has demonstrated significant improvements in 

6MWD and time to clinical worsening in a 12-week RCT 

that included 443 PAH patients, of whom 25% had CTD 

(Ghofrani et  al, 2013). The most common adverse events 

included syncope, headache, dyspepsia, peripheral oedema 

and hypotension. Concomitant use of riociguat and PDE-5 

inhibitors is contraindicated due to the risk of severe hypo-

tension. Analysis of the 111 CTD-PAH patients included 

in the PATENT-1 and PATENT-2 trials showed similar 

benefits in terms of 6MWD, FC, cardiac index and PVR 

(Humbert et al, 2017).

Prostanoids
Prostacyclin (epoprostenol, PGI2) is produced mainly by 

vascular endothelial cells. It induces vasodilation, inhibits 

platelet aggregation, and has cytoprotective and antipro-

liferative effects. It inhibits smooth muscle cell growth in 

vitro. Prostacyclin synthase activity is reduced in the pulmo-

nary arteries of patients with PAH, and this is thought to 

promote vasoconstriction. Side effects are dose dependent 

and are common to all prostanoids. The common side 

effects include flushing, headache, diarrhoea, jaw pain and 

leg pain.

Intravenous epoprostenol

Epoprostenol is a synthetic prostacyclin in powder form. 

It is dissolved in alkaline fluid. Because it has a half-life of 

only 3–5 min it is administered as a continuous infusion 

through a tunnelled line into the superior vena cava.

In three unblinded short-term RCTs in IPAH and 

PAH-SSc, it improved symptoms, exercise tolerance and 

haemodynamics by reducing PVR by 25% and increasing 

CO by 15%. In one trial, a benefit in mortality was found, 

although the trial was not powered for this outcome. 

Registry data suggest that epoprostenol improves survival 

and well-being in IPAH and associated PAH.

Treatment is initiated at low doses (2–4 ng/kg/min) and 

usually increased to around 20 ng/kg/min over 3 months. 

Dose increases are limited by side effects. Higher doses 

(20–40 ng/kg/min) are often used, but it is unclear whether 

the need for higher doses is evidence of treatment failure or 

tachyphylaxis.

Abrupt cessation of epoprostenol may lead to rebound 

PH with decompensation, heart failure and death. Systems 

must be in place to ensure continuous delivery, and patients 

should carry written instructions with contact numbers of 

their specialist centre and a senior clinician familiar with 

their case. It is not unusual for these patients to be admitted 

to a non-expert centre for a non-associated condition or 

deterioration in right heart failure, and to be found to be 

‘hypotensive’ and the epoprostenol stopped without consul-

tation with the PAH centre.

Septicaemia due to line infection is the second major 

threat. Strict guidelines for the insertion and management 

of catheters must be in place, with a comprehensive educa-

tional programme to ensure that patient self-management 

is optimal and that all their medical attendants are aware 

of what to look for and how this potentially very serious 

complication is managed.

Iloprost

Iloprost is a stable prostacyclin analogue available as inhaled 

and intravenous forms.

Only the inhaled form has been shown in RCTs to 

improve exercise tolerance, symptoms, PVR and clinical 

events when administered 6–9 times per day in IPAH 

and chronic thromboembolic PH. Side effects of inhaled 

iloprost include flushing and jaw pain. Some patients find 
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the preparation and administration of inhaled iloprost too 

time consuming and practically difficult.

Intravenous iloprost has shown exercise performance 

and haemodynamic benefits similar to that of epoprostenol 

in open-label studies.

Treprostinil

Treprostinil is a stable analogue of epoprostenol. Inhaled, 

intravenous, subcutaneous and oral forms have been devel-

oped. The inhaled form has yet to gain a licence.

Subcutaneous administration was shown to improve 

exercise performance, haemodynamics and symptoms 

in a large RCT. However, significant local site discomfort 

restricted widespread use. Registry data suggest that those 

who can tolerate long-term therapy have improved survival 

associated with sustained exercise benefit.

Inhaled treprostinil, when added on to an ERA or silde-

nafil, has been shown to improve exercise capacity and 

symptoms when administered four times per day. 

An RCT with oral treprostinil is underway.

Selexipag

The prostacyclin receptor agonist selexipag selectively 

targets the prostacyclin receptor (also called the IP 

receptor). The IP receptor is one of five types of pros-

tanoid receptor. Prostacyclin activates the IP receptor 

inducing vasodilation and inhibiting proliferation of 

vascular smooth muscle cells. Selexipag, unlike prostacy-

clin analogues, is selective for the IP receptor over other 

prostanoid receptors. Up-titration of selexipag allows each 

patient’s maintenance dose to be individualised based on 

tolerability. Selexipag significantly reduced morbidity and 

mortality among patients with PAH. Dosing should be 

initiated at 200 µg twice per day and increased in steps of 

200 µg twice per day up to a maximum of 1600 µg twice 

per day. The most common adverse events that occurred 

with higher frequency on selexipag than on placebo are 

in line with those known in prostacyclin therapies: head-

ache, diarrhoea, nausea, jaw pain, vomiting, pain in the 

extremities, myalgia, nasopharyngitis and flushing. As yet 

the results of a pivotal trial have only been published in 

abstract form (McLaughlin et al, 2015): 80% of the popula-

tion were on at least combination therapy (triple therapy 

in a third), the magnitude of benefit in the CTD popula-

tion was equivalent to that seen in the whole population, 

and the 95% CI of the HR remained below 1, including in 

the PAH-SSc population in isolation (Gaine et al, 2017).

Combination therapy
In previous studies with the 6MWT as the primary 

endpoint, the CTD subpopulation has consistently under-

performed, although the direction of change has always 

been in the same direction as the IPAH population. The lack 

of significant benefit in a subpopulation is never of concern, 

but the consistently lower benefit has led some to conclude 

that those with CTD, including those with PAH-SSc, may 

not have a vasodilator-responsive vasculopathy. Rhee et al 

(2015a, 2015b) using individual patient-level data from 

most pivotal trials up to and including the SERAPHIN trial, 

found that there was a significantly attenuated benefit in the 

CTD-PAH population both in terms of 6MWD and clinical 

worsening with no mortality benefit. Further in a second 

paper (Rhee et  al, 2015a, 2015b), treatment-associated 

adverse events were more common in the CTD population. 

Of note, the attenuated benefit was not evident in the SSc 

population, and unless one included the post-18-week data 

from the 3 mg arm of the SERAPHIN trial, this arm lacked 

efficacy in the CTD subpopulation.

The recent outcome trials appear to settle this argument. 

Unlike 6MWT evaluation, time to clinical worsening or 

failure is not dependent on musculoskeletal limitation. In 

these studies, the CTD population performed equally well 

in terms of reduction of the primary endpoint. Notably, 

the proportion of the population on combination therapy 

was very high in these trials (63–100%), so at present the 

best evidence we have for the CTD-PAH population is 

with combination therapy, and in particular demonstrates 

the superiority of combination therapy over monotherapy. 

Given the poor long-term outcomes in recent registry 

studies, where combination therapy was generally only 

employed after monotherapy failure, there is a case for early 

combination therapy in the CTD population (Pulido et al, 

2013; Coghlan et al, 2017; Gaine et al, 2017). Nevertheless, 

initial monotherapy should be proposed in PAH patients 

with suspicion or a high probability of pulmonary veno- 

occlusive disease due to the high risk of pulmonary oedema. 

First-line monotherapy is also possible in PAH patients with 

very mild disease (eg, WHO FC I, PVR 3–4 WU, mPAP <30 

mm Hg, and normal right ventricle at echocardiography) 

(Galiè et al, 2018).

Anticoagulation
Anticoagulation, usually with warfarin, is recommended 

for most patients with PAH. The rationale is based on the 
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high frequency of thrombotic lesions in post-mortem 

studies, the observed prothrombotic coagulation abnor-

malities, abnormalities in the fibrinolytic and coagulation 

pathways, endothelial abnormalities, and the general 

prothrombotic factors (immobility and heart failure) 

which increase the risk of thromboembolism. Indwelling 

catheters for administration of prostanoids may increase 

the risk of local clotting and venous thromboembolism, 

and anticoagulation is recommended for these patients.

The evidence is not based on randomised trials, but on 

studies done before the advent of modern targeted thera-

pies, and from single centres. The 3-year survival was 49% 

in anticoagulated patients and 21% in those not treated. In 

both IPAH and aminorex-induced PAH, anticoagulation is 

associated with improved survival.

More recently, the COMPERA registry found that there 

was no clear benefit from anticoagulation in scleroder-

ma-associated PAH, but suggested benefit in IPAH, while 

analysis of the REVEAL data suggested no benefit in IPAH, 

and so the role of anticoagulation remains unclear (Olsson 

et al, 2014; Preston et al, 2014).

Although prostaglandins partially inhibit platelet aggrega-

tion, anticoagulation is still usually recommended in patients 

on prostanoids, since these are often the sickest and most 

immobile patients who are at further risk of thrombosis due 

to their in situ catheter. The 2015 ESC/ERS Guidelines indi-

cate that in PAH associated with CTD, oral anticoagulation 

may be considered on an individual basis and if there is a 

thrombotic predisposition (Galiè et al, 2015b, 2016). 

International normalised ratio (INR) levels are kept 

between 2 and 3 in the USA and UK, and between 1.5 and 

2.5 in Europe.

Diuretics
Although there are no RCT data on the effects of diuretics 

in PAH, there is clear symptomatic benefit in those with 

fluid overload.

Oxygen
Oxygen therapy is proposed to reduce dyspnoea and 

improves exercise capacity in patients with severe hypoxia. 

Many patients gain significant symptomatic benefit from 

oxygen supplementation, although effects on exercise 

performance are inconsistent. Even small, light ‘portable’ 

oxygen cylinders are a significant burden for weak, 

debilitated PAH patients. Most PAH patients have mild 

hypoxaemia at rest. The consensus recommendation is that 

blood oxygen should be maintained at >8 kPa for 15 hours 

a day in those with non-shunt related hypoxaemia, based 

on data from the COPD population, and oxygen should be 

given during exercise if there is symptomatic benefit and 

correctable desaturation on exercise.

Risks of pregnancy and contraception
Maternal mortality is 30–50% and so patients are strongly 

discouraged from getting pregnant. 

Most data were recorded from before effective therapies 

were available, and case series are now being published 

suggesting that maternal mortality is likely to be signifi-

cantly lower. However, the standard advice remains 

unchanged, first because these case series do not represent 

robust evidence, and second because the medium-term 

outlook for PAH remains poor.

ERAs are teratogenic and should be stopped if a patient 

accidentally or by choice becomes pregnant and wishes to 

continue with the pregnancy. Prostanoids seem to be toler-

ated, but have relaxing effects on the uterus. PDE inhibitors 

have not been shown to be safe but have not been shown to 

be teratogenic.

Management of pregnancy in PAH
There is little evidence other than case series to guide manage-

ment. For those who choose to continue with their pregnancy, 

targeted therapies, despite the risk of teratogenicity, and planned 

early elective delivery with close collaboration between the 

obstetrician, anaesthetist and the PH team is recommended. 

Patients should be seen monthly and some may be admitted to 

hospital early during pregnancy for monitoring, which should 

be performed perhaps monthly to check for intrauterine growth 

retardation which may occur in 30% of cases, particularly in 

babies born to mothers with antiphospholipid antibodies and 

systemic lupus erythematosus (SLE) PAH.

Delivery should be planned in a PH centre with full 

facilities to deal with complications. Incremental epidural 

anaesthesia is recommended. Both vaginal delivery and 

caesarean section are reasonable. The aim for delivery is 

to minimise danger to the mother and baby by avoiding 

increases in PVR, mPAP and right heart strain.

General measures
Pregnant women with PAH should rest, not perform vigorous 

exercise or activities, and reduce compression of the inferior 

vena cava by lying on their side rather than their back.
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Diuretics may be necessary for volume overload. Oxygen 

is given for hypoxaemia. Warfarin and other vitamin K 

antagonists are avoided and low molecular weight heparin 

is recommended throughout pregnancy.

PAH-specific therapies
The risk of pregnancy in PAH is lowest in the small minority 

of IPAH patients who respond to calcium channel blockers 

and whose mPAP normalise or reduce to near normal levels.

Both nifedipine and diltiazem are safe to use during 

pregnancy. Prostanoids and PDE-5 inhibitors appear safe. 

ERAs are potent teratogens and contraindicated during 

pregnancy.
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Summary points

•	 Pulmonary arterial hypertension (PAH) is a frequent complication of systemic sclerosis (SSc), with 

a prevalence of 8–12%.

•	 We recommend that patients with SSc should be screened annually for PAH with a clinical assess-

ment, echocardiography and pulmonary function tests (PFTs). Further we recommend the use of 

the DETECT score in the appropriate population (DL
CO

 <60%, SSc >3 years).

•	 The cut-off tricuspid regurgitant jet velocity (TRJ) value used determines the sensitivity and spec-

ificity of echocardiography in screening. There is a false positive rate of 45% using a tricuspid 

regurgitation peak velocity (TRV) of >3.0 m/s in symptom-free SSc patients or a TRJ of 2.8–3.0 m/s 

in breathless patients.

•	 DL
CO

 and NT-proBNP may help in identifying SSc patients at risk of PAH.

•	 In order to diagnose pulmonary hypertension (PH), right heart catheterisation (RHC) is manda-

tory to establish the appropriate cardiopulmonary haemodynamic diagnosis: mPAP ≥25 mm Hg, 

PCWP or LVEDP ≤15 mm Hg, and a PVR ≥240 dyne/s/cm−5 (3 WU).

•	 A high mPAP in SSc may be due to:

 – PAH with proliferative pulmonary vasculopathy

 – PH associated with lung fibrosis due to prominent parenchymal destruction

 –  Pulmonary venous hypertension (post-capillary PH), due to diastolic and systolic left ventricle 

dysfunction resulting from myocardial fibrosis

 –  Pulmonary veno-occlusive disease due to the more diffuse nature of the vascular lesions 

associated with scleroderma

 – Portopulmonary hypertension

 –  Post-capillary PH out of proportion to that expected from pulmonary capillary wedge 

pressure 

 – Or any combination of these.

•	 The 3-year survival rate of incident PAH-SSc patients in the current treatment era is about 55–65%.

•	 All PAH-SSc patients should be treated according to EU/international guidelines.

•	 All PAH-SSc patients should be re-evaluated after 4–6 months of a first-line treatment usually 

with a new RHC, which should be done before any additional treatment.
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Introduction
Systemic sclerosis (SSc) is a generalised chronic autoim-

mune connective tissue disease with a prevalence of about 

two in 1000 individuals, with females being affected around 

five times more frequently than males. Although the skin is 

easily accessible for pathophysiological examination, much 

less is known about the pathophysiological mechanisms 

causing the multifaceted gastrointestinal (GI) symptoms. 

This problem is mainly due to the limited availability of 

full-thickness samples of the GI mucosa and adjacent tissue 

structures such as nerves and microvasculature. However, 

increasing evidence shows that the pathways leading to 

increased fibrosis, the neuroimmunological dysregulation 

in the myenteric plexus, which is regulated by the sympa-

thetic and parasympathetic autonomic nervous systems, 

and the altered regulation of microcirculation appear to 

be similar to the pathophysiological alterations observed 

in SSc skin. With regard to clinical symptoms, Raynaud’s 

phenomenon and skin sclerosis are the most common and 

prominent characteristics in patients with SSc, but recent 

data, as outlined below, show that involvement of the 

gastrointestinal tract (GIT) is much more frequent than 

expected (Walker et al, 2007; Di Ciaula et al, 2008; Richard 

et al, 2018). In addition, analysis of data from the registry 

of the German Network for Systemic Scleroderma (DNSS) 

showed that higher modified Rodnan skin score values were 

significantly associated with higher frequencies of upper GI 

symptoms. Specifically, a skin score of >3 was associated 

with pulmonary fibrosis, digital ulcers, joint contractures 

and dysphagia as well as reflux.

Progressive fibrotic changes that occur in combination 

with neuromuscular dysfunction due to increased deposi-

tion of collagen and other extracellular matrix components 

in the upper and lower GIT lead to dysmotility, malabsorp-

tion, malnutrition and dilatation of the intestine. The main 

symptoms are meteorism, dysmotility of the oesophagus, 

23 The gastrointestinal tract 

in systemic sclerosis

Ulf Müller-Ladner

Learning objectives

•	 To understand the significant clinical problem of gastrointestinal involvement in the majority of 

systemic sclerosis (SSc) patients.

•	 To recognise the contribution of the different molecular pathways to the development of organ 

dysfunction in SSc gastrointestinal pathophysiology.

•	 To be able to identify and diagnose the multifaceted clinical problems intrinsic to the involve-

ment of the different parts and organs of the upper gastrointestinal tract.

•	 To know how to treat the different clinical problems resulting from the involvement of the 

gastrointestinal tract.
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heartburn and dysphagia. In severe cases, GI manifestations 

can result in lethal complications such as severe intestinal 

pseudo-obstruction and Barrett’s cancer.

Epidemiology of symptoms

SSc in general
In the majority of textbooks, it is reported that many patients 

experience problems as a result of the involvement of the 

different organs and compartments of the GIT. However, 

according to recent and detailed studies which addressed 

all aspects of GI dysfunction and their respective symp-

toms in large cohorts, it was shown that nearly all patients 

with SSc have GI symptoms (Khanna et al, 2011; Schmeiser 

et al, 2012). The first questionnaire, designed by colleagues 

from UCLA (Khanna et  al, 2011), showed that the self-

rated severity of GIT involvement ranges from absence of 

symptoms to very mild in 39% of patients, to mild in 21% 

of patients, moderate in 31% of patients and severe or very 

severe in 9% of patients when queried on reflux, distension, 

bloating, diarrhoea, faecal soilage, constipation, emotional 

well-being and social functioning. Of interest, the question-

naire also revealed a direct link between GI involvement, 

especially reflux and constipation, and depressed mood 

in the affected patients. The questionnaire has since been 

further developed and small important changes to the ques-

tionnaire have been made. Using this questionnaire, it was 

shown that GI involvement is associated with depressed 

mood.

However, the response to a questionnaire is also depen-

dent on the background population. When the UCLA 

questionnaire was applied to British patients, 94% reported 

upper and 79% lower GI symptoms, 3% reported no symp-

toms and 10% reported daily symptoms. No association 

could be found between disease subtype, autoantibody 

profile and GI symptoms. In contrast, a positive correla-

tion was shown between diarrhoea scores and pulmonary 

fibrosis.

A similar approach was taken in a European SSc cohort by 

the DNSS (Schmeiser et al, 2012). When a multi-symptom 

questionnaire was applied to SSc patients, 99% reported 

they had some GI complications (figure 1). In this cohort of 

patients, the most frequent symptom of GI involvement was 

meteorism (88%), followed by coughing/sore voice (78%), 

heartburn during the day (69%; surprisingly, heartburn 

at night was less at 53%), stomach ache (69%), diarrhoea 

(68%) and nausea (61%). About half of the patients (49%) 

had constipation. Less frequent symptoms were vomiting 

(37%) and weight loss (28%). Faecal incontinence was 

reported by every fifth patient (22%), a symptom which is 

frequently ignored when the medical history of patients is 

taken. Of note, nutrition and lifestyle factors did not appear 

to contribute significantly to this high frequency of GI 

symptoms. Only 15 patients consumed alcohol occasionally 

and none of these on a regular basis. In addition, only nine 

patients were regular smokers, while five smoked occasion-

ally. It is interesting that, although treatment for GI sequelae 

was started immediately after the baseline visit, most of the 

symptoms had not changed significantly after 1 year, indi-

cating the already strong involvement of the GIT by the 

time symptoms were detected clinically (figure 1). Recently, 

the 7500 patients from the worldwide but Europe-centred 

EULAR Scleroderma Trials and Research group (EUSTAR) 

cohort have been analysed. Here, two-thirds of patients 

reported oesophageal symptoms, and around a quarter 

stomach or intestinal symptoms (Meier et al, 2012).

Differences in GI symptoms between 
limited SSc and diffuse SSc
In contrast to the idea that limited SSc is a more benign 

disease entity with respect to GI symptoms, all SSc subsets 

were affected, but distinct differences were found. In diffuse 

SSc, the most frequent symptoms were meteorism (80%), 

daytime heartburn (80%), coughing/sore voice (80%) and 

stomach ache (80%), followed by night-time heartburn 

(73%), diarrhoea (73%) and nausea (60%). Less frequent 

symptoms were constipation (47%), vomiting (33%), 

weight loss of ≥9 kg (27%) and faecal incontinence (13%). 

When diffuse and limited SSc were compared, the most 

prominent differences, with lower prevalence in limited 

SSc, were night-time heartburn (−24%), daytime heartburn 

(−15%), stomach ache (−15%) and diarrhoea (−6%). In 

contrast, faecal incontinence (+14%) and meteorism (+7%) 
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Figure 1 Frequency of gastrointestinal symptoms at baseline and 

after 1 year. (Adapted from Schmeiser et al, 2012.)
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were more frequently reported by patients with limited 

SSc. No differences between the SSc subsets were found 

for coughing/sore voice, nausea, vomiting or constipation. 

In the recent 7500-patient EUSTAR analysis, however, GI 

problems did not differ substantially between limited SSc 

and diffuse SSc patients (Meier et al, 2012).

Differences in GI symptoms between SSc 
and mixed connective tissue disease
Of interest, the frequency of distinct symptoms of the upper 

GIT also appeared to be similar between diffuse SSc and 

mixed connective tissue disease (MCTD). However, key 

differences were reported for meteorism (+14%), night-

time heartburn (−11%), vomiting (+11%), nausea (+9%) 

and stomach ache (−5%). In patients with MCTD, daytime 

heartburn and coughing/sore voice present as frequently 

as in diffuse SSc patients. No differences for the lower GIT 

could be found for faecal incontinence, diarrhoea, constipa-

tion or weight loss.

Pathophysiology
SSc is clinically characterised by inflammation, vascular 

damage and autoimmune phenomena, predominantly 

resulting in progressive fibrosis of the skin, lung and heart 

as well as in all parts of the GIT (Manetti et al, 2007; Matuc-

ci-Cerinic and Czirják, 2009) (figure 2).

Although recent data have revealed various novel aspects 

of the pathogenesis of SSc, hitherto no overall concept has 

been generally accepted. Key mechanisms that have been 

hypothesised to be operative in the pathogenesis of SSc, 

including the GIT, are—similar to the pathogenesis of 

skin sclerosis—the genetic background of the SSc patient, 

external stimuli, cellular and humoral activation of the 

immune system, inflammation, vascular damage and 

upregulation of proto-oncogenes. In addition, chemotactic 

proinflammatory molecules in the stomach and duodenum 

contribute to the disease in patients with severe organ 

involvement. Finally, the cascade of events in SSc results 

in fibroblast activation and overproduction of extracellular 

matrix. In addition, decreased collagenase activity may also 

contribute to irreversible fibrosis, followed subsequently 

by atrophy of smooth muscles and neuronal degeneration. 

With regard to the latter, it has also been hypothesised 

that in the GIT, the earliest defect in the pathogenesis of 

dysmotility in SSc is located in the cholinergic nerves 

supplying the muscle rather than sclerosis of the muscle 

itself. More recent data show that gastric dysrhythmias are 

associated with elevated plasma levels of vasoactive intes-

tinal peptide, while slow wave coupling was correlated 

with another neuromodulator, plasma motilin. In addi-

tion, there are indications that the immune system itself 

contributes to GI dysmotility, as it was shown that injec-

tion of antimyenteric neuronal antibodies separated from 

SSc serum into an immunosuppressed rat model showed 

a negative effect on intestinal myoelectric activity. More-

over, when rat and human tissues are examined, pooled 

human IgG is able to prevent and reverse the cholinergic GI 

dysfunction by neutralising functional cholinergic musca-

rinic type-3 receptor antibodies present in the circulation 

of patients with SSc. Histologically, T cell infiltration of the 

gastric wall is a prominent finding, with the CD4/CD8 T 

cell ratio significantly increased. These T cells are arranged 

in lymphocytic aggregates similar to B cell aggregates 

(figure 3), as well as in diffuse infiltrates. The T cells express 

various activation markers including very large antigen-4, 

leucocyte function antigen-1 and intracellular cell adhesion 

molecule-1, resulting in a potentially vicious immune–

nerve–fibrosis cycle.

Clinical presentation

Oropharyngeal
A typical sign in SSc, regardless of whether it is the limited or 

cutaneous form, is perioral sclerosis leading to a narrowing 

of the oral aperture (figure 4). The clinical problem is not 

only an aesthetic one, especially for women, but also causes 

substantial reduction in ability to open the mouth. In initial 

phases, dental care in particular becomes more and more 

difficult and not all dentists are willing to or capable of Figure 2 Thickened fibrotic gastro-oesophageal sphincter area.
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treating affected patients. In later phases, this complication 

can significantly contribute to malnutrition.

Oesophagus
As outlined above, dysphagia is one of the most frequent and 

early symptoms of SSc (Valentini et al, 2011). It can occur 

as early as Raynaud’s syndrome and the medical history 

should always include detailed questions on symptoms 

indicating oesophageal dysphagia and reflux, especially to 

avoid long-term problems such as strictures, reflux-induced 

coughing, asthma and pneumonia, laryngospasms, oesoph-

agitis, infection, Barrett’s oesophagus and adenocarcinoma. 

The oesophageal dysmotility primarily affects the distal 

part of the oesophagus containing predominantly smooth 

muscles. Manometric examinations showed higher velocity 

of the peristaltic wave and dyscoordinated relaxation of the 

lower oesophageal sphincter (figures 5 and 6). A detailed 

analysis revealed decreased amplitude of the post-deglu-

tition contraction wave of <50 mm Hg in 80% of patients 

and atony in 60% of patients, as well as isolated increases 

in non-protected wave sequences of more than 30% in 16% 

of patients. A hypotensive lower oesophageal sphincter 

pressure of <13 mm Hg was present in about two-thirds 

of patients and associated with oesophageal dysmotility 

in about half of the patients. Anatomically, the dysmotile 

segments were located in the lower segments of the oesoph-

agus in about 80% of patients and in the entire oesophagus 

in about 10% of patients. Later on in the course of the 

disease, the pressure of the lower oesophageal sphincter 

and the peristaltic waves decreased further. There are also 

indications that some patients experience vasospasm of the 

oesophageal microvasculature similar to that in Raynaud’s 

phenomenon. Moreover, larger pieces of food, such as meat, 

can get stuck in the oesophagus, especially when oesopha-

gospasm increases, and result in emergency situations.

Gastro-oesophageal reflux
The development of gastro-oesophageal reflux is the domi-

nant problem when the upper GIT becomes involved 

in SSc patients (Meier et  al, 2012; Schmeiser et  al, 2012). 

Owing to the decreased pressure of the lower oesophageal 

sphincter, the number of (physiological) reflux episodes 

increases substantially, and because of the accompanying 

lower propulsive capacity of the oesophagus, the gastric 

acid remains not only longer in the oesophagus but can 

move constantly up to the trachea and pharynx. Neutralisa-

tion of the gastric acid by saliva is subsequently diminished 

and incomplete. This deficiency is further complicated by 
Figure 4 Reduced oral aperture in a patient with limited systemic 

sclerosis.

Figure 3 Histological demonstration of activated T cells (A, brown colour) and B cell follicles (B, red colour) in gastric mucosa. (Adapted 

from Matucci-Cerinic and Czirják, 2009.)
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the problem of frequent oropharyngeal sicca syndrome in 

affected patients. Moreover, patients often do not notice the 

reflux. Investigations using 24-hour pH metry showed that 

only around 20% of patients reported acid reflux although 

85% had prolonged reflux in the oesophagus, sometimes for 

more than 5 min. As the lack of prokinetic ability appears 

to be the main driving pathophysiology, the application of 

prokinetics in addition to acid blockers is therefore recom-

mended. As the long-term problems of this increased reflux 

are multifaceted, every patient with these symptoms should 

be screened by endoscopy and lung function tests to iden-

tify early secondary problems such as asthma, strictures, 

stenoses, bacterial and fungal infection as well as Barrett’s 

oesophagus and adenocarcinoma.

Stomach, upper and lower intestine
The stomach appears to be a less important problem in SSc 

but results from the questionnaires indicate that symptoms 

such as bloating, nausea, abdominal pain, diarrhoea, fatty 

stool and anorexia are also related to gastric dysfunction 

and a reduction in gastric and antroduodenal emptying. 

In addition, surface multi-channel electrogastrography has 

shown abnormalities of gastric myoelectrical activity in 

patients with SSc, and correlations between electrogastrog-

raphy and gastric emptying were also demonstrated. These 

abnormalities consisted of decreased normal slow waves, 

increased bradygastria and impaired gastric slow wave 

propagation and coordination. A specific complication is 

the so-called watermelon stomach with numerous ectatic 

mucosal vessels leading to persisting blood loss and chronic 

Figure 6 Radiological demonstration of the involvement of the oe-

sophagus. Note the barium support level indicating loss of propul-

sive function of the lower oesophagus.

Figure 5 Oesophagomanometry; note the absence of propulsive waves in the lower oesophageal segments.
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anaemia (figure 7). This watermelon stomach, also termed 

gastric antral vascular ectasia, has a unique appearance on 

endoscopy characterised by multiple longitudinal lines of 

vessels, mainly in the gastric antrum radiating from the 

pylorus to the antrum and sometimes through the complete 

stomach. Moreover, some patients show reduced emptying 

of the gall bladder (figure 8), which further decreases the 

pancreatobiliary function, and increases malabsorption, 

malnutrition and symptoms of the intestine and lower GIT 

as outlined in the following chapters. Faecal incontinence in 

SSc is also frequent and is estimated to occur in up to 20% 

of all patients. Faecal incontinence is related predominantly 

to neuropathy as suggested by absent rectoanal inhibi-

tory reflex assessment and higher anal sensory threshold, 

and less to sphincter atrophy and rectal fibrosis. In some 

patients, primary biliary cirrhosis can occur in combina-

tion with limited SSc. This rare entity has been termed 

Reynold’s syndrome.

Diagnostic methods
Owing to the multiple organs and compartments involved, 

as outlined in detail in the following chapters, several 

methods have been developed, sometimes by chance, to 

evaluate involvement of the GIT in SSc. For example, 

Figure 8 Pathological gall bladder function test. Note the reduced emptying of the gall bladder in the patient with limited systemic sclerosis.

Figure 7 Watermelon stomach (from the EULAR Scleroderma Trials 

and Research group (EUSTAR) slide collection).

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     The gastrointestinal tract in systemic sclerosis

275

infra-aortic oesophageal dilatation on high resolution 

CT, usually performed to evaluate the grade of pulmo-

nary fibrosis, appears to be a specific sign of oesophageal 

involvement in SSc, especially when the diameter exceeds 

10 mm (figure 9). The positive predictive value of this 

sign is above 80%. Oesophageal manometry can directly 

assess the motility of the oesophagus and the lower 

oesophageal sphincter (figure 5). Similarly, 24-hour pH 

monitoring reveals the extent of daytime gastric reflux 

into the oesophagus. Of interest, recent data show that 

endoscopic ultrasound is also a valuable tool to detect 

SSc-associated abnormalities. SSc patients had thicker 

oesophageal, antral and duodenal walls. Predominantly, 

the submucosa and muscularis were significantly thicker 

in SSc patients, and the presence of dysphagia or amotility 

was significantly associated with thickening of the GI 

walls. Gastroscopy provides additional information on 

structural damage of the oesophagus and the stomach 

and also allows direct bioptic evaluation. Swallowing 

radioactive or barium contrast media allows kinetic eval-

uation of oesophagogastric movement but currently is 

used less frequently than other techniques. Here, residual 

activity above 20% of the peak activity 15 s after swal-

lowing the labelled liquid in a supine position indicates 

oesophageal dysfunction. Motility of the small intestine 

is measured by small bowel barium follow-through X-ray, 

especially in cases of intestinal pseudo-obstruction. The 

D-xylose absorption test, jejunal cultures and hydrogen 

glucose and lactose breath tests can help to assess malab-

sorption and bacterial overgrowth. As the anorectum is 

the predominantly affected part of the large intestine, 

investigation of the colon is an important component of 

the clinical evaluation. Opaque markers (Sitz markers) 

can be used to measure transit times, rectal manometry 

evaluates the involvement and extent of rectal fibrosis in 

SSc patients, and sigmoidoscopy and/or colonoscopy also 

reveals structural alterations in the large intestine. Apart 

from its role in the identification of additional malignant 

and non-malignant SSc-associated diseases, CT reveals 

intensive thickening of the intestinal mucosa in patients 

with intestinal pseudo-obstruction.

However, it needs to be stressed that technical exam-

inations can be crucial, especially in very early disease or 

patients who do not fulfil the classification criteria at the 

time of first presentation to the clinic. In a recent study, it 

was shown that among the 46 patients with probable SSc 

and undifferentiated connective tissue disease (UCTD) 

with dysphagia and heartburn, SSc-related oesophageal 

involvement was detected in only half of these patients 

by endoscopy and a lower oesophageal sphincter pres-

sure of <15 mm Hg could only be detected in seven 

patients. Although there are no validated biomarkers for 

GI involvement, it has been suggested that the presence of 

faecal calprotectin may indicate SSc GI activity.

Treatment and prevention
At present, there is still no evidence-based disease-modi-

fying regimen for SSc although the ability of most available 

immunosuppressants and antifibrotics to inhibit overall 

disease activity has been investigated at least in small 

series. In addition, continuous application of intravenous 

immunoglobins has been shown to be effective for several 

GI symptoms (Raja et al, 2016). In contrast, several thera-

peutic approaches for individual GIT organs have proven to 

be effective (Postlethwaite et al, 2010; Kowal-Bielecka et al, 

2017; Fernández-Codina et al, 2018).

Oropharyngeal involvement
For perioral sclerosis, daily oral muscular exercise and 

distension is necessary and can be easily performed by the 

patient themselves. This should be combined with chewing 

sugar-free gum, especially when (secondary) sicca syndrome 

is present. The latter usually also requires treatment with arti-

ficial saliva, and patients should see a dentist at least every 6 

months due to the high risk of developing caries.

Gastro-oesophageal reflux
Gastro-oesophageal reflux symptoms can and should be 

treated effectively. An upright posture and avoidance of 

Figure 9 Dilated oesophagus (box) on high resolution CT as a 

specific sign for oesophageal involvement in systemic sclerosis. 

(Adapted from Vonk et al, 2008.)
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exertion after eating and drinking are common measures 

in oesophageal disease to minimise the possibility of heart-

burn. However, in most patients, proton pump inhibitors are 

needed to sufficiently counteract all reflux-associated prob-

lems. Usually, much higher doses than normal (eg, 2×20 

to 2×40 mg pantoprazole or 2×20 to 2×40 mg omeprazole 

twice daily by mouth) are required to resolve the majority 

of symptoms, including the frequently overt but misinter-

preted reflux-associated asthma attacks.

In some patients with severe reflux, the addition of H2 

blockers at night-time (‘sequential acid blocking’) has an 

additional effect, although in preclinical studies, this effect 

was not found to be significant in the majority of patients. 

Current EUSTAR/EULAR recommendations include the 

use of proton pump inhibitors for reflux and oesophagitis 

(Kowal-Bielecka et al, 2017).

Oesophageal and gastric motility
Reduced oesophageal and gastric motility has become more 

problematic since cisapride has been taken off the market 

due to the risk of cardiac arrhythmia. Therefore, the effect 

of other prokinetic drugs such as metoclopramide and 

domperidone, which enhance oesophageal peristalsis, and 

erythromycin, which accelerates gastric and gall bladder 

emptying, needs to be evaluated for each patient separately. 

Sometimes all drugs need to be tested sequentially to iden-

tify the optimal drug and dose. In cases of gastroparesis, 

the doses are 1000–2000 mg/day for erythromycin, 400 mg/

day for azithromycin, 20–80 mg/day for metoclopramide 

and 10–20 mg/day for domperidone. In addition, therapy 

with octreotide may be considered in cases with refrac-

tory symptoms, but to be effective 20 mg should be applied 

intramuscularly once a month. In future, mosapride, 

which does not have a high proarrhythmic potential, and 

which is licensed for graft versus host disease-dependent 

dysmotility in Japan because of its ability to increase the 

oesophageal sphincter pressure and its prokinetic impact 

on gastric emptying, can be tried off-label as an additional 

option. As it is licensed for obstipation in females in some 

countries, prucalopride can also be tried. Moreover, some 

patients benefit from acupressure or acupuncture. Current 

EUSTAR/EULAR recommendations include the use of 

Summary points

•	 Most patients have at least one of the clinical problems intrinsic to gastrointestinal tract involve-

ment in systemic sclerosis (SSc).

•	 Reflux and dysmotility are usually the leading causes of gastrointestinal discomfort and disease 

burden in SSc patients.

•	 Symptoms can occur before SSc diagnosis.

•	 Diagnostic technical evaluation should at least include oesophagogastroscopy and abdominal 

ultrasound.

•	 In general, systemic immunomodulation and immunosuppression does not alter the occurrence 

and intensity of gastrointestinal symptoms.

•	 A reduced oral aperture should be treated by manual distension on a continuous basis, for 

example by chewing sugar-free gum, which also helps to prevent caries.

•	 Appropriate drugs should be constantly used for treatable sequelae such as reflux and dysmo-

tility to avoid long-term problems including reflux-induced asthma, oesophageal stenosis and 

Barrett’s cancer.

•	 Current recommendations by EUSTAR/EULAR include the use of proton pump inhibitors, proki-

netics and rotating antibiotics.

•	 Proton pump inhibitors should be administered at maximum doses if low doses are not effective.

•	 In case of oesophageal dysplasia, endoscopic monitoring should be performed annually.
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prokinetics for dysmotility of the oesophagus, stomach and 

intestine (Kowal-Bielecka et al, 2017).

Oesophageal and intestinal stenoses
Stenoses of the GIT, regardless of whether they are in the 

oesophagus, stomach, small and large intestine or anus, can 

be treated mechanically with balloon dilatation as other 

strategies such as Botox applications, are usually much less 

effective than in other GI diseases. In some cases, rectal or 

sacral transcutaneous electrical nerve stimulation can be 

effective, as it has been shown that both symptomatic and 

asymptomatic SSc patients have thin and atrophic internal 

anal sphincters.

Watermelon stomach
Watermelon stomach is treated by several transendoscopic 

procedures: laser photocoagulation by neodymium yttri-

um-aluminium garnet and argon plasma coagulation, 

bipolar electrocoagulation, heater probe coagulation and 

injection sclerotherapy with 5% polidocanol. However, in 

some patients with severe gastric antral vascular ectasia, 

laser therapy needs to be repeated several times to achieve 

remission, and is accompanied by an increased risk of 

post-coagulation stenosis. Intensive immunosuppression 

using cyclophosphamide has also been shown to be effective 

in some patients. Surgical intervention, for example partial 

gastrectomy or antrectomy, is also indicated in some cases.

Malabsorption and malnutrition
In a Canadian survey of approximately 600 patients with 

SSc, Malnutrition Universal Screening Tool scores showed 

that every fifth patient was at high risk for malnutrition. 

Malabsorption and malnutrition, to which the upper GIT 

also contributes, is not only due to decreased GI motility 

but also to suspected bacterial overgrowth irrespective of 

the results of breath testing. The latter can be treated with 

rotating broad-spectrum antibiotics (Pittman et al, 2018). 

A 10-day course of a selective antibiotic could be tried, with 

subsequent treatment with a selective antibiotic for the first 

10 days of 4 consecutive months. Possible antibiotics are 

tetracycline 250–500 mg four times daily, ciprofloxacin or 

other quinolones 500 mg twice daily, amoxicillin/clavulanic 

acid 625 mg three times daily, cephalexin 250 mg four times 

daily/metronidazole 250 mg three times daily, and rifaximin 

400 mg twice daily. This rotating antibiotic scheme is also 

part of the EUSTAR/EULAR treatment recommendations. 

In mild cases, probiotics can be sufficient, but in severe 

cases patients with gastric dysmotility resistant to phar-

macotherapy may require additional interventions such as 

gastrostomy tube placement for intermittent drainage and 

artificial nutrition (Kowal-Bielecka et al, 2017).

Mortality and cancer
Analysis of the EUSTAR database showed that 3% of 

reported deaths could be associated directly with GI-related 

causes but, even more important, the majority of patients 

who died from pneumonia also had GI risk factors, for 

example the presence of oesophageal reflux with or without 

documented aspiration. In addition, in early SSc, GI involve-

ment further increases morbidity and mortality (Richard  

et al, 2018). Of note, Barrett’s oesophagus, which occurs in 

up to 10% of some SSc patient cohorts and can progress 

to cancer, has not been shown to be a major risk factor for 

mortality in SSc patients. As it is not yet clear whether SSc 

patients are at greater risk of developing oesophageal cancer 

and oropharyngeal cancer compared with healthy individ-

uals, regular surveillance endoscopies are recommended 

if oesophageal dysplasia has been detected. In these cases, 

photodynamic therapies and other endoscopic techniques 

can be applied in patients with high-grade dysplasia, and 

may be effective even when frank malignancy has devel-

oped and the tumour cannot be treated surgically.
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Introduction
Small intestinal involvement has been reported in 44–88% 

of patients with systemic sclerosis (SSc) (Marie et al, 1998, 

2001a, 2001b, 2006, 2007, 2009, 2012, 2014a, 2014b; Marie, 

2006; Sallam et  al, 2006; Forbes and Marie, 2009). The 

excessive fibrosis, inflammation and vascular dysfunction 

characteristic of SSc is seen in the small intestine, and it is 

thought that the small intestinal impairment in SSc patients 

results from progressive histological lesions similar to those 

found in other organs. Sjögren proposed the following 

progression of sclerodermatous intestinal involvement: 

vascular damage (grade 0), neurogenic impairment (grade 

1) and myogenic dysfunction (grade 2) with the replace-

ment of normal smooth muscle by collagenous fibrosis 

and atrophy (Sjögren, 1994). It is the fibrotic aspect of this 

disease that is mainly reported to underlie small intestinal 

manifestations in SSc patients (Forbes and Marie, 2009; 

Marie et al, 2014a).

Involvement of the small intestine can cause life-threat-

ening complications, which mainly include malabsorption 

syndrome, chronic intestinal pseudo-obstruction and 

pneumatosis intestinalis (Sjögren, 1994; Marie et  al, 1998, 

2001a, 2001b, 2006, 2007, 2009, 2012, 2014a, 2014b; Marie, 

2006; Sallam et al, 2006; Forbes and Marie, 2009). 

Malabsorption syndrome typically occurs in SSc (10–25% 

of cases) as a result of bacterial overgrowth, which is usually 

the consequence of impaired motility. The prevalence of 

small intestinal bacterial overgrowth has, in fact, been 

reported to be as high as 30–44% in SSc patients (Sjögren, 

1994; Marie et  al, 1998, 2007, 2009, 2014a; Marie, 2006; 

Sallam et  al, 2006; Forbes and Marie, 2009); small intes-

tinal bacterial overgrowth may also be promoted by proton 

pump inhibitor therapy in SSc (Marie, 2006). Furthermore, 

reduced blood flow within the small intestine may also 

contribute to impaired nutrient absorption (Sjögren, 1994; 

Marie, 2006; Sallam et  al, 2006; Forbes and Marie, 2009; 

Marie et al, 2014a).

The small intestinal hypomotility may provoke luminal 

dilatation and chronic intestinal pseudo-obstruction, which 

is encountered in 2–10% of SSc patients (Sjögren, 1994; 

Marie et  al, 1998, 2007, 2014a; Marie, 2006; Sallam et  al, 

2006; Forbes and Marie, 2009). Chronic intestinal pseu-

do-obstruction results in pain and food intolerance, together 

24 Small intestinal involvement 
in systemic sclerosis

Isabelle Marie

Learning objectives:

•	 To understand the significant clinical problem of small intestinal involvement in the majority of 

systemic sclerosis (SSc) patients.

•	 To diagnose SSc-related small intestinal complications.

•	 To know how to treat the different clinical problems resulting from SSc-related small intestinal 

involvement.
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with abdominal distension and severe constipation, leading 

to profound malnutrition (Sjögren, 1994; Marie et al, 1998, 

2007, 2009, 2014a; Marie, 2006; Sallam et al, 2006; Forbes 

and Marie, 2009).

Pneumatosis intestinalis is characterised by submucosal 

and subserosal cysts in the small intestinal wall; if they 

rupture, cysts can lead to pneumoperitoneum and haemor-

rhage (Marie, 2006; Sallam et al, 2006; Marie et al, 2014a).

Diagnostic tests
The routine screening of SSc patients for small intestinal 

clinical manifestations is recommended during initial eval-

uation and follow-up.

Although the gold standard technique for the diagnosis 

of small intestinal bacterial overgrowth is jejunal aspirate 

culture (with microbial concentration >105 CFU/mL), this 

is a complex and invasive technique for routine use (Marie, 

2006; Forbes and Marie, 2009; Marie et al, 2009). In clinical 

practice, the glucose H
2
/CH

4
 breath test represents a simple, 

non-invasive and reproducible method to identify small 

intestinal bacterial overgrowth (Forbes and Marie, 2009; 

Marie et al, 2009); the glucose breath test has been shown 

to have a sensitivity of 90% (Corazza et al, 1990; Lin, 2004; 

Lupascu et al, 2005; Eposito et al, 2007; Forbes and Marie, 

2009; Marie et al, 2009).

Small intestinal manometry may be performed to assist 

in the selection of symptomatic SSc patients with chronic 

intestinal pseudo-obstruction who may require octreotide 

therapy (Marie et al, 1998, 2007, 2009; Marie, 2006; Forbes 

and Marie, 2009). In these patients, this test can show 

alterations in phase III of the migrating motor complex 

including interrupted propagation, decreased frequency 

with low amplitude, as well as complete absence of phase III 

activity (Marie et al, 1998, 2007, 2009; Marie, 2006; Forbes 

and Marie, 2009).

An abdominal (CT) scan is a helpful test in SSc patients 

with pneumatosis intestinalis, showing multiple submucosal 

and subserosal cysts in the wall of the small intestine (Sjögren, 

1994; Marie, 2006; Sallam et al, 2006; Marie et al, 2014a).

A recent prospective study, using systematic videocapsule 

endoscopy in 50 SSc patients, has shown a predominance of 

vascular mucosal damage involving the small bowel (approx-

imately 50% of overall small intestinal lesions). This test 

showed various potentially bleeding vascular lesions within 

the small intestine, with angiodysplasia and telangiectasia 

involving the duodenum/jejunum/ileum (Marie et al, 2014a).

Treatment approach
The therapeutic options are principally supportive, but 

simple agents acting on motility can make huge differences 

initially (Marie, 2006; Forbes and Marie, 2009; Marie et al, 

2009). In SSc patients, care should be taken to avoid drugs 

that interfere with gut motility (eg, anti-cholinergic agents).

Optimal therapy for the management of small intes-

tinal bacterial overgrowth remains unclear in SSc patients 

(Pimentel et al, 2000; Lauritano et al, 2005; Van Citters and 

Lin, 2005; Marie, 2006; Quigley and Quera, 2006; Quigley, 

2007; Forbes and Marie, 2009; Marie et al, 2009). Empiric 

courses with repeated rotating courses of antibiotics are 

still the standard approach along with dietary measures 

and vitamin supplements (Marie, 2006; Quigley and Quera, 

2006; Quigley, 2007; Domsic et al, 2008; Forbes and Marie, 

2009; Marie et  al, 2009). The following antibiotics have 

proven to be effective in non-SSc patients with small intes-

tinal bacterial overgrowth: amoxicillin–clavulanic acid 

(500 mg, 3 times/day), ciprofloxacin (250 mg, 2 times/day), 

norfloxacin (400 mg, 2 times/day), metronidazole (250 mg, 

3 times/day), neomycin (500 mg, 4 times/day), trimetho-

prim–sulfamethoxazole (one double-strength tablet, 2 

times/day) and rifaximin (1200 mg/day) (Lauritano et  al, 

2005; Marie, 2006; Quigley and Quera, 2006; Quigley, 2007; 

Forbes and Marie, 2009; Marie et al, 2009). Unfortunately, 

the response is rarely prolonged and subsequent courses are 

rarely as effective as the first (Forbes and Marie, 2009).

Other current therapeutic strategies are more often 

based on pro-motility agents, which can increase the tone 

and amplitude of small intestinal contractions (Forbes and 

Marie, 2009). Thus, the prokinetic agents metoclopramide 

and domperidone have been reported to be effective in 

relieving intestinal pseudo-obstruction in SSc (Battle et al, 

1981; Sjögren, 1994; Marie, 2006; Sallam et al, 2006; Forbes 

and Marie, 2009). More recently, the successful use of pruca-

lopride (a new 5-HT4 receptor agonist) to treat intestinal 

dysmotility has been reported in two SSc patients (Boeckx-

staens et al, 2002). However, no definite conclusion can be 

drawn from these promising results, and further investiga-

tions are warranted to confirm both the efficacy and the 

safety of prucalopride in SSc patients exhibiting chronic 

intestinal pseudo-obstruction. For patients who experience 

repeated intestinal pseudo-obstruction, octreotide therapy 

(a somatostatin analogue) may be an appropriate option, 

although experience with this treatment is still limited. 

However, octreotide regimens have been reported to induce 

phase III-like migrating motor complexes, the normal 

AQ2

AQ3
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AQ3

electrophysiological phenomena by which the peristaltic 

wave is conducted in a coordinated fashion along the small 

intestine (Marie et al, 1998, 2007; Marie, 2006; Forbes and 

Marie, 2009). Previous authors have suggested that small 

bowel manometry should be performed to assist in the 

selection of symptomatic SSc patients with intestinal pseu-

do-obstruction who may benefit from octreotide therapy; 

this approach may result in improved patient management 

and a reduction in medical costs (as octreotide is an expen-

sive therapy) (Marie et al, 1998, 2007; Marie, 2006; Forbes 

and Marie, 2009).

Finally, patients with severe small intestinal manifesta-

tions losing their response to antibiotics are often helped 

by overnight tube feeding; in most cases it will be more 

convenient and acceptable for the patient if a percutaneous 

gastrostomy device is placed (Forbes and Marie, 2009). 

Unfortunately, the progressive nature of SSc may ultimately 

lead to advanced intestinal failure. For these patients, intra-

venous nutrition is often required, administered using 

fairly standard regimens but with relatively low volume 

and low sodium, usually on 4 or 5 days/week (Forbes and 

Marie, 2009). The short-term outcome in patients treated 

with intravenous nutrition can be good, but the advent 

of intestinal failure appears to be a marker of poor long-

term outcome, with most such patients succumbing within 

2 years from the more directly fatal consequences of SSc 

affecting other body systems (Forbes and Marie, 2009).
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Introduction

Colonic involvement is seen in 20–50% of patients with 

systemic sclerosis (SSc) and usually presents as constipa-

tion or diarrhoea (Sjögren, 1994; Khanna, 2008). Colonic 

contractions are usually reduced or absent in patients with 

SSc, resulting in prolonged colonic transit (Sallam et al, 2006) 

and symptoms of constipation. Diarrhoea usually results 

from bacterial overgrowth syndrome or faecal incontinence 

seen with anorectal involvement. Anorectal involvement is 

common and reported in 50–70% of patients with SSc. The 

patients present with chronic diarrhoea, faecal incontinence 

and rectal prolapse.

Pathophysiology

Gastrointestinal dysmotility is caused by a combination 

of myogenic and neuropathic involvement and results 

in symptoms seen throughout the gastrointestinal tract 

(Sjögren, 1994; Khanna, 2008). Recent data suggest that 

anorectal involvement is likely due to neuropathic changes 

and less likely related to rectal fibrosis.

Diagnostic tests
Diagnostic tests are usually not necessary in patients with 

scleroderma with constipation. However, diagnostic tests 

such as radiopaque markers, colonic scintigraphy and wire-

less motility capsules are available. The main reason for 

ordering a diagnostic test is to differentiate between normal 

versus slow-transit constipation; the latter is due to gastro-

intestinal dysmotility associated with SSc. Scintigraphy and 

wireless motility capsule studies can also be used to assess 

gastric and small bowel motility. For anorectal involvement, 

symptoms include incontinence of stools or flatulence. 

Investigation usually includes anorectal manometry. The 

most common manometric abnormality is an absent or 

diminished rectoanal inhibitory reflex (Hamel-Roy et  al, 

1985; Massone et al, 2002). The response of the internal anal 

sphincter is diminished or absent, and the response of the 

external sphincter is either normal or increased.

Patient-reported outcome measure
The University of California Scleroderma Clinical Trial 

Consortium Gastrointestinal Instrument (UCLA SCTC 

25 Colonic and anal involvement 
in systemic sclerosis

Dinesh Khanna

Learning objectives

•	 To learn about colonic and anorectal involvement in systemic sclerosis.

•	 To discuss treatment options for colonic and anorectal involvement in systemic sclerosis.

•	 To learn about a patient-reported outcome measure to capture lower gastrointestinal involve-

ment in systemic sclerosis.
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GIT 2.0) is a patient-reported outcome measure to assess 

gastrointestinal symptoms and their impact on social 

and emotional well-being in SSc (Khanna et  al, 2009). 

This 34-item instrument has seven scales: reflux, disten-

sion/bloating, diarrhoea, faecal soilage, constipation, 

emotional well-being and social functioning, and a total 

gastrointestinal score. All scales are scored from 0 (better 

health-related quality of life) to 3 (worse health-related 

quality of life) except for the diarrhoea and constipation 

scales that range from 0 to 2 and from 0 to 2.5, respec-

tively. The instrument takes approximately 5–7 min to 

complete and is available free online in different languages 

at http://bit.ly/UMSclerodermaResearch.

Treatment approach
Patients with constipation should avoid a high-fibre diet 

and bulk-forming laxatives since these can make the 

constipation worse (especially in patients with slow-transit 

constipation). Recommend liberal ingestion of fluids and 

use stimulant and osmotic laxatives such as senna, lact-

ulose, bisacodyl and polyethylene glycol (GoLYTELY) 

(table  1). These laxatives exert their effects primarily via 

alteration of electrolyte transport by the intestinal mucosa, 

and by increasing intestinal motor activity. There is no 

convincing evidence that chronic use of stimulant laxatives 

causes structural or functional impairment of the colon, 

nor do they increase the risk for colorectal tumours (Wald, 

2003; Weinstein and Kadell, 2004). Advise patients to take 

their laxatives every 2–3 days to maintain a healthy bowel 

regimen. For patients complaining of persistent diarrhoea 

(with mild to moderate complaints of abdominal pain/

distension/bloating), consider that the patient likely has 

small intestinal bacterial overgrowth (and may have an 

element of intermittent intestinal pseudo-obstruction). It is 

also possible to have paradoxical diarrhoea due to chronic 

constipation and/or impacted stool.

Biofeedback therapy has been used for anorectal 

involvement. Sacral nerve stimulation has been successful 

in patients with faecal incontinence (Kenefick et al, 2002; 

Hetzer et  al, 2007); it requires insertion of an implant-

able pulse generator under local anaesthesia by a surgeon. 

The short and long-term effects have been very encour-

aging, with a decrease in episodes of faecal incontinence 

and marked improvement in quality of life (Kenefick et al, 

2002; Hetzer et  al, 2007), and the procedure is associated 

with minimal morbidity. A surgical procedure is usually 

required for rectal prolapse.
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Summary points

•	 Colorectal involvement is common in patients with systemic sclerosis.

•	 Diagnostic tests are generally not necessary before initiating treatment.

•	 Constipation is generally slow-transit constipation and requires stimulant laxatives; bulking 

agents to treat constipation should be avoided.

•	 Anorectal involvement is common and sacral nerve stimulation provides a novel treatment for 

this devastating condition.

•	 UCLA GIT 2.0 can be used in clinical care to assess the presence and severity of gastrointestinal 

symptoms in patients with systemic sclerosis. It can be also used to monitor response to therapy.

Table 1 Stimulant laxatives.

Laxative Dosage

Docusate sodium 100 mg, 1–2 times/day

Sennosides 1 tablet, 1–2 times/day

Milk of Magnesia 
(400 mg/5 mL)

30–60 mL, once a day

Lactulose 15–30 mL, 1–2 times/day 

Lubiprostone 8–24 µg, 2 times/day
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Renal manifestations of scleroderma
Scleroderma (SSc) may cause a number of distinct abnor-

malities of the renal tract, but the most prominent and 

important manifestation is scleroderma renal crisis (SRC). 

Once the commonest cause of SSc-related death, this 

complication is now much more treatable. Indeed, the 

improvement in treatment of SRC is a robust example of 

effective disease-modifying treatment for SSc. However, 

SRC must be seen in the context of other renal manifesta-

tions that can occur, and these are summarised below (Steen 

et al, 2005).

First, increased interstitial fibrillar collagen is often 

present in SSc renal tissue, as was first shown in autopsy 

studies. Likewise, there is evidence of chronic vasculopathy 

and poor renal cortical perfusion in many patients with SSc 

who do not have overt renal disease.

The corollary of this is that up to half of patients with SSc 

may show a reduced glomerular filtration rate compared 

with age-matched healthy controls. Microscopic proteinuria 

(both glomerular and tubular) has been shown to occur 

frequently, although the clinical and prognostic significance 

of this is unclear. Well-recognised clinically important 

renal manifestations of SSc are interstitial nephritis, often 

drug-related, and glomerulonephritis. The latter is seen, 

especially, in cases where there is serological evidence of 

overlap with systemic lupus erythematosus (SLE) or when 

there is a positive antineutrophil cytoplasmic antibody 

(ANCA) test. The latter may be a typical ANCA—most 

often anti-myeloperoxidase specificity or maybe antipro-

teinase- 3—or non-specific (Arnaud et al, 2007).

The presence of ANCA in SSc should always raise the 

suspicion of inflammatory renal disease or vasculitis, and 

should prompt a renal biopsy if there are clinical concerns. 

A recent report highlighted the potential association of 

anti-proteinase-3 with SSc and also indicated potential 

genetic factors associated with cases of ANCA vasculitis 

overlapping with SSc (Derrett-Smith et al, 2013).

26 Clinical characteristics and 
biopsy

Christopher P Denton, Virginia Steen

Learning objectives

•	 To understand the ways in which systemic sclerosis (scleroderma; SSc) may affect the kidney.

•	 To appreciate the clinical features of scleroderma renal crisis (SRC).

•	 To identify the characteristics of patients at increased risk of SRC.

•	 To understand the optimal management of SRC.

•	 To appropriately assess patients with renal involvement.

•	 To recognise the features of typical hypertensive and atypical normotensive SRC.

•	 To appreciate the long-term and short-term clinical impact of SRC.
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Clinical features of SRC
Improvements in SSc outcome have accompanied vigilant 

attention to pulmonary complications and the detection of 

SRC is likely to be robust in cases that have already been 

diagnosed with SSc. The problem of undiagnosed SSc is 

more important and up to one fifth of cases in one recent 

large series had not been diagnosed with SSc at the time 

of presentation of SRC. Thus, the diagnosis of SSc should 

be considered in all patients presenting with renal impair-

ment and accelerated phase hypertension or when there are 

other cardinal features of SRC. There are similarities with 

other conditions, and the potential differential diagnosis is 

outlined in box 1.

Diagnosing normotensive renal crisis which has a poor 

prognosis (see below) is particularly challenging. The poor 

outcome may, in part, reflect the probable delay in diagnosis. 

Timely identification of SRC is important so that treatment 

may be started and this is likely to improve outcome and 

reduce the need for long-term renal replacement therapy. 

Routine use of ACE inhibitors (ACEIs) to treat SRC has 

improved short-term outcomes, and other advances in 

renal replacement therapy have transformed the outcome 

of a formerly, almost invariably, fatal complication of SSc 

(Steen et al, 1990).

Although there is clear improvement in early mortality 

from renal crisis, this better outcome has highlighted the 

poor longer-term outcome for patients with scleroderma 

owing to complications of long-term dialysis or from other 

scleroderma complications. It has also made the identi-

fication and treatment of other renal manifestations of 

scleroderma critical.

SRC is defined as the new onset of accelerated arterial 

hypertension and/or rapidly progressive oliguric renal 

failure during the course of SSc. It is important not to diag-

nose non-malignant hypertension alone without uraemia 

or other renal abnormalities as SRC. Likewise, urine 

abnormalities and/or mild uraemia in a patient with sclero-

derma probably have other explanations and should not be 

considered to indicate SRC.

There are some differences between the criteria used 

to define SRC in different studies and this may, in part, 

account for some of the different reported outcomes.

However, a recent international initiative has developed 

a general consensus about the clinical criteria defining SRC 

(see box 2). Typically, patients complain of severe headache, 

blurred vision or other encephalopathic symptoms with 

the onset of accelerated hypertension. Seizures may be an 

early finding, but fortunately, education of patients, early 

diagnosis and intervention with effective treatment have 

decreased the frequency of these events. These criteria are 

being refined and validated as part of an ongoing initiative 

(Butler et al, 2019).

Sometimes SRC symptoms are non-specific—for 

example, increased fatigue, headache, dyspnoea or just 

not feeling well. Patients at high risk must be taught to 

take these symptoms seriously and should check their own 

blood pressure if these symptoms occur. Most patients have 

striking increases in blood pressure at the onset of SRC. 

Ninety per cent have blood pressure levels >150/90 mm Hg, 

and 30% have diastolic recordings >120 mm Hg. Less than 

10% of cases have a ‘normal’ blood pressure. An increase 

of 20 mm Hg in a blood pressure reading may be signifi-

cantly high for a particular patient, and yet, may still remain 

in the normal range (95/60 to 140/85). This can represent 

renal crisis. Any change in blood pressure should lead to 

further testing and close monitoring. Normotensive renal 

crisis requires the presence of other features—primarily, 

rapidly progressive unexplained azotaemia and/or micro-

angiopathic haemolytic anaemia with thrombocytopenia. 

Pulmonary haemorrhage is a rare life‐threatening problem 

which has occurred in several of these patients (Helfrich 

et al, 1989; Bar et al., 2001).

In some situations, SRC symptoms are confused with 

other illnesses. Several cases of thrombotic thrombocyto-

penic purpura (TTP) have been reported in patients with 

scleroderma, but it is unclear whether an isolated coexis-

tent disease was present or just a different interpretation of 

SRC was made (Kapur et al, 1997; Kfoury Baz et al, 2001). 

A review of the eight published cases of TTP and sclero-

derma found that there were few differences between the 

patient subsets. Although a few ‘responded’ to plasmapher-

esis, most were also treated with ACEIs (Manadan et  al, 

2005). Fever and haemorrhagic manifestations were the 

only findings that were different. New research into the 

Box 1 Differential diagnosis of scleroderma 
renal crisis.

•  Essential hypertension.
•  Pre-eclampsia.
•  Haemolytic uraemic syndrome.
•  Thrombotic thrombocytopenic purpura.
•  Glomerulonephritis.
•  Primary vasculitis.
•  Renal artery stenosis.
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pathophysiology of TTP has led to the observation that von 

Willebrand factor-cleaving protease activity is decreased or 

deficient in TTP (Lian, 2005). A pilot study found no abnor-

malities of von Willebrand factor‐cleaving protease activity 

in 10 patients with SRC (Torok et al, 2008). If a diagnosis of 

TTP is made in a patient with scleroderma, an ACEI should 

be used in conjunction with TTP treatment.

Patients with SRC often present with congestive heart 

failure (dyspnoea, paroxysmal nocturnal dyspnoea or flash 

pulmonary oedema), serious ventricular arrhythmias (even 

cardiac arrest) or large pericardial effusions (McWhorter 

and Leroy, 1974; Steen et al, 1984; Follansbee, 1986). This is 

primarily owing to the stress of hypertension on the heart, 

effects of hyper-reninaemia, and fluid overload secondary 

to oliguric renal failure, although some patients with very 

severe disease also have primary scleroderma myocardial 

involvement contributing to these problems.

Treatment of SRC
Early detection and diagnosis is the most critical aspect 

of the management of SRC. It is essential that high-risk 

patients are identified so that education can be provided 

and regular blood pressure monitoring instigated. Regular 

assessment of urine and biochemical indices of renal func-

tion is also important. New-onset hypertension in patients 

with SSc should be promptly treated with ACEIs, although 

the benefit of prophylactic treatment has not been shown. 

In general, all patients with SSc should receive education 

about the importance of having regular  blood pressure 

monitoring and about the need to have their blood pres-

sure checked if they develop any specific symptoms, such 

as headache, breathlessness, dizziness or syncope. This 

is especially important within 4 years of onset of diffuse 

cutaneous SSc and we advocate home blood pressure moni-

toring twice weekly with instructions about individualised 

levels that should prompt urgent medical review. Specialist 

nurses can provide invaluable patient support for this 

(Pham et al, 2005).

If new-onset hypertension or other relevant symptoms 

develop or if there is an incidental finding of hypertension, 

abnormal urine analysis or renal impairment, it is essential 

that urgent specialist medical advice is obtained. In this way 

appropriate tests can be performed and treatment given. 

The most important aspect of the management of SRC or 

new-onset hypertension in patients with SSc is initiation of 

an ACEI.

Once SRC is diagnosed it should be aggressively managed, 

with hospitalisation of patients and careful daily moni-

toring. Organ-based complications, including pulmonary 

oedema or encephalopathy, must be dealt with using stan-

dard approaches, such as supplementary oxygen, ventilatory 

support, nitrate infusion and sedation or anti-seizure drugs. 

In view of the evidence-based recommendations that have 

recently been published (Kowal‐Bielecka et al, 2009), hyper-

tension in SSc should prompt the introduction of an ACEI 

or an increase in dose if already being taken. Although in 

haemodynamically unstable cases a short-acting ACEI may 

be preferable, ACEI resistance is more typical and a long-

acting ACEI is usually started with daily dose escalation to 

maximum. Daily blood tests and clinical monitoring should 

aim to reduce blood pressure to the target level as soon as 

possible, although in established SRC this may take several 

days. It is important to increase the ACEI dose as necessary—

our practice is to double it every 24 hours. Often it takes 

several days for blood pressure to fall to normal and renal 

function may continue to deteriorate even after the initiation 

of ACEIs. This is an important point as it may lead to inappro-

priate reduction or discontinuation of ACEIs. Our practice 

is to add an angiotensin receptor blocker to treatment once 

the ACEI is in the therapeutic range and to introduce other 

antihypertensive agents, including calcium channel blockers, 

Box 2 Clinical criteria for the definition of 
scleroderma renal crisis (SRC).

SRC is defined as follows, requiring both:
•  A new onset of blood pressure >140/90 mm 

Hg obtained at least twice over a consecutive  
24-hour period. Alternatively, a rise of at least 
30 mm systolic or 20 mm diastolic.

•  A decrease in renal function as defined by a 
1.5-fold increase in serum creatinine above 
baseline within the previous 7 days or an in-
crease of at least 26.5 µmol/l (0.3 mg/dl) within 
48 hours.

Other features supporting the diagnosis include 
the following, if present/available:
•  Acute heart failure.
•  Acute pericarditis.
•  Microangiopathic haemolytic anaemia on 

blood smear.
•  Retinopathy typical of acute hypertensive  crisis.
•  Renal biopsy with typical features including 

onion skin proliferation within the walls of 
intrarenal arteries and arterioles, fibrinoid  
necrosis and glomerular shrinkage.
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doxazosin or clonidine, if the blood pressure remains unac-

ceptably high. The goal is to achieve normal pre‐SRC blood 

pressure. However, there are reports suggesting that angio-

tensin receptor blockers alone are less effective than ACEIs 

in treating SRC (Caskey et al, 1997; Cheung et al, 2005). β 

Blocking drugs are contraindicated owing to effects on 

peripheral circulation, and parenteral antihypertensive 

agents are usually unnecessary, although nitrate infusion is 

sometimes required when pulmonary oedema develops in 

SRC. Consensus recommendations for the management of 

SRC have recently been published that reflect current best 

practice in established centres (Lynch et al, 2016).

There have been reports of the use of endothelin receptor 

antagonists in SRC (Cheung et  al, 2005) and this may be 

logical based on the high circulating levels of endothelin-1 

reported in patients at the time of SRC. Vancheeswaran et al 

(1994) and other studies demonstrated that endothelin ligand 

and receptor expression may be increased in SRC (Kobayashi 

et al, 1999; Mouthon et al, 2011). In addition, polymorphism 

in the endothelin ligand receptor axis (Fonseca et al, 2006), 

but not the ACE axis (Wipff et al, 2009), has been associated 

with scleroderma. A recent comprehensive study provides 

the rationale for targeting the endothelin-1 axis in SRC, and 

a small safety study of bosentan in SRC has been performed, 

providing a platform for future potential evaluation (Dhaun 

et al, 2009; Penn et al, 2013).

When renal replacement is required, this is generally 

carried out by haemofiltration or haemodialysis—the 

choice of method being determined by haemodynamic 

stability and local facilities. Occasionally, in more indolent 

cases it may be possible to move to peritoneal dialysis as 

the first form of renal replacement. Non-invasive estima-

tion of pulmonary vascular resistance using an oesophageal 

Doppler probe can be helpful and facilitate management. 

Plasma exchange has not been shown to be of benefit in 

SRC but it is a central part of the management of some 

related conditions such as TTP and may be considered in 

selected patients with SRC who have severe microangio-

pathic haemolytic anaemia and consumptive coagulopathy. 

However, no controlled clinical trial data are available and 

case reports provide a mixed message about the benefits of 

this approach (Omote et al, 1997). ACEIs must always be 

used in conjunction with plasma exchange in patients with 

scleroderma as they have been proved to increase survival.

Once ACEIs started to be used routinely in SRC, survival 

improved from 10% at 1 year to 60% at 5 years. In 1990, 

the long-term outcome of the initial 145 patients with SRC 

seen at the University of Pittsburgh who were treated with 

ACEIs showed that 61% had a good outcome, defined as not 

requiring, or requiring only temporary, dialysis (Steen and 

Medsger, 2000). Unfortunately, studies (McWhorter and 

Leroy, 1974; Pham et al, 2005) have not shown any addi-

tional improvement in the overall outcomes. Large series 

from England and France show outcomes very similar to 

those of Steen’s in 1990.

Up to 45% of patients with renal crisis do not require 

dialysis. After their creatinine peaks, it usually slowly 

improves, and patients rarely go on to develop chronic 

renal failure after ‘surviving’ renal crisis, as long as their 

blood pressure continues to be controlled. However, ACEIs 

should generally be used indefinitely as recurrence of SRC 

years after the initial event has been reported when they 

were discontinued. More than half of patients who initially 

require dialysis are able to discontinue it 3–18 months later. 

The 20% of patients with SRC whose blood pressure is 

controlled soon enough and whose kidney heals can stop 

dialysis and in most cases continue to slowly improve, 

similar to an acute tubular necrosis. Most patients who 

discontinue dialysis have adequate kidney function that 

does not deteriorate further as long as blood pressure is 

controlled. Unfortunately, 40% continue to have a bad 

outcome. Twenty per cent require chronic dialysis and have 

similar types and frequency of vascular access and perito-

neal clearance problems to those of other dialysis patients. 

Survival of patients with scleroderma receiving dialysis is 

like that for those with other multisystem diseases such as 

diabetes, and early death continues to occur in about 20% 

of patients within 6 months of SRC.

Published studies showed that patients with a poor 

prognosis were older, male and had lower blood pressure. 

Additionally, in the studies of Penn et al (2007) and Teixeira 

et al (2008), patients who received ACEIs before their renal 

crisis had a worse outcome. Although this did not reach 

statistical significance in the individual studies, when the 

two studies were combined a significant association was 

seen (Penn and Denton, 2008). Education of patients and 

physicians, early diagnosis and aggressive treatment with 

ACEIs remain our best hopes for improving outcomes.

Renal transplantation should be considered after SRC 

in those patients who require permanent dialysis (Chang 

and Spiera, 1999), but decisions about transplants should 

be delayed because renal recovery can occur for 18–24 

months after SRC. Transplants may especially be consid-

ered in patients who have a suitable live related donor or 

match in an unrelated programme. The rate of SRC recur-

rence after transplant is reported to be up to 20%; however, 
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it can be difficult to distinguish SRC from transplant vascu-

lopathy and chronic rejection (Gibney et al, 2004). Registry 

data confirm the very poor survival of patients with SRC 

receiving long-term dialysis.

Biopsy features
Although a renal biopsy is not essential for the diagnosis of 

SRC, it is extremely helpful for confirmation and permits 

potentially important mimics to be excluded. It is essential 

for any case that is atypical, including normotensive crisis. 

In any case with serological or clinical features of an overlap 

syndrome, biopsy should be mandatory. However, the 

timing will depend on the clinical context and risk. Usually 

it is reasonable to wait for blood pressure to be controlled 

and to ensure that clotting is normal and there is no signif-

icant thrombocytopenia that might increase the risk of 

biopsy complication.

In addition to confirming the diagnosis of SRC, a 

biopsy may provide useful information about prognosis 

and outcome. An association between histopathological 

features and outcome has been established in several recent 

studies. Thus, acute vascular injury is associated with worse 

outcome based on studies that linked biopsy appearance to 

long-term outcome, such as the need for permanent dialysis 

(Penn et al, 2007; Batal et al, 2009). Thus, cases that demon-

strate severe acute vascular damage have a worse outcome. 

Surprisingly, there is no apparent association between the 

extent of fibrotic or irreversible tissue loss based on quanti-

tative score and long-term outcome.

Renal biopsy is particularly important in patients where 

there is any uncertainty about the diagnosis. If anything is 

atypical in the presentation, the patient or the course, it is 

important to confirm diagnosis and rule out other causes 

of kidney disease, particularly glomerulonephritis. Renal 

biopsy can provide valuable prognostic information and 

Figure 1 Typical histological features of scleroderma renal crisis (SRC). These panels demonstrate key histological hallmarks of SRC including 

onion skin proliferation (A), fibrinoid necrosis within the walls of small intrarenal arteries (B), neointimal thickening almost obliterating 

the vessel lumen (C) together with intravascular thrombosis (D) and glomerular ischaemia (E). There is only a very small residual lumen in 

some vessels and background increased renal collagen deposition is apparent using specialist matrix stains such as Sirius red (F).
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scores have been developed. Interestingly, the chronic 

damage index that predicts long-term outcome in many 

renal diseases does not appear to do so in SRC (Omote et al, 

1997). This emphasises that SRC is an acute event often 

superimposed on background nephropathy. We perform 

renal biopsy as soon as clotting and blood pressure permit 

this to be safely undertaken and it often provides useful 

prognostic information (figure 1).

The key features of renal biopsy are observed first in 

the intrarenal arteries, where neointima formation and 

luminal narrowing are seen. There may be more severe 

acute vascular injury with fibrinoid necrosis within the 

vessel wall and reduplication of the internal elastic lamina. 

The final result may include almost complete vascular 

occlusion with only minimal lumen remaining. These 

changes are like those seen in other causes of accelerated 

hypertension but in SRC are typically more severe with 

a greater degree of fibroproliferative occlusion. Myofibro-

blast differentiation within the neointima confirms the 

fibrotic nature of this complication of SSc in the case of 

a multiorgan fibrotic disease. Intravascular thrombosis 

may occur and there are key similarities with other related 

conditions such as haemolytic uraemic syndrome, TTP 

and pre-eclampsia. The absence of any inflammatory 

or proliferative glomerular changes is typical, although 

glomeruli often appear shrunken and ischaemic in estab-

lished SRC. Tests for immunoglobulin or complement 

deposition are usually unremarkable. The presence of any 

serological clues of overlap with SLE or other autoimmune 

rheumatic disease or vasculitis (ANCA) should prompt a 

more thorough assessment (Herrera‐Esparza et  al, 2005; 

Kamen et  al, 2006). More chronic vascular remodelling 

has been seen frequently in autopsy specimens in the 

absence of clinical evidence of SRC. In addition, there is 

typically extensive interstitial collagen deposition with 

renal fibrosis that does not appear to significantly affect 

the outcome (see above). Other differential diagnoses 

obtained by biopsy include interstitial nephritis and other 

drug-related complications.
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Introduction
While tethering of the skin is the clinical hallmark of 

systemic sclerosis (SSc), many patients develop addi-

tional musculoskeletal symptoms during the course of 

their illness. Manifestations may include varying degrees 

of rheumatic complaints, ranging from arthralgia to frank 

arthritis, contractures and tendon friction rubs. Articular 

involvement contributes to disability and impaired quality 

of life in SSc, reducing ability to work or perform activities 

of daily living (Scleroderma (acrosclerosis), 1950; Baron 

et al, 1982; Poole and Steen, 1991; Poole et al, 2000; Brower 

and Poole, 2004; Mau et  al, 2005), which was highlighted 

recently by several cross-sectional studies. Osteoarticular, 

muscle and soft tissue involvement may impair hand func-

tion secondary to stiff/painful joints and reduced dexterity 

and/or grip (Richards et al, 2003; Sandqvist et al, 2004). The 

objective of this chapter is to provide an overview of the 

spectrum of joint involvement in SSc to further underline 

the multisystemic nature of this condition and to review the 

different therapeutic approaches.

Articular involvement

Clinical presentation
Joints are affected in between 46% and 97% of patients 

with SSc (Tuffanelli and Winkelmann, 1961; Baron et  al, 

1982). Joint involvement can be an initial manifestation 

that precedes the onset of Raynaud’s phenomenon or arises 

concomitantly with it, and therefore may be an early indi-

cator of SSc (Tuffanelli and Winkelmann, 1961; Baron et al, 

1982). The frequency of joint involvement as an initial sign 

of SSc has not been defined accurately, but it affects 12–65% 

of patients with SSc. Thus, it is important in patients 

presenting only with articular involvement (arthralgia, 

synovitis and/or tenosynovitis) to look for early signs of 

SSc, such as Raynaud’s phenomenon and puffy fingers. If 

early SSc is suspected, simple examinations, such as capil-

laroscopy and SSc-specific antibody detection tests, should 

be performed.

Generalised arthralgia with slight pain and stiffness are 

the most common articular symptoms of SSc on presenta-

tion (table 1). In very early diffuse cutaneous SSc (dcSSc), 

27 Joint involvement, synovitis
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Learning objectives

•	 To be familiar with the prevalence and clinical presentation of joint and tendon involvement in 

systemic sclerosis (SSc).

•	 To identify the classic radiological features of SSc-related articular involvement.

•	 To recall the new imaging techniques for evaluating joint and tendon involvement in SSc, 

including ultrasound and magnetic resonance imaging.

•	 To describe the management of articular involvement in SSc.
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arthralgia may be difficult to identify because of rapidly 

progressing skin involvement, leading to skin tethering 

and pain. True joint inflammation can occur and may cause 

initial diagnostic confusion. Systematic cross- sectional 

examination of the EULAR Scleroderma Trials and Research 

(EUSTAR) registry identified clinical synovitis (defined 

by tenderness) in 16% of patients with SSc (1191/7286)  

(table 1) (Avouac et al, 2010).

Onset may be acute or insidious, with an oligoarticular or 

polyarticular pattern. Most joints can be involved, with the 

fingers (in particular, the metacarpophalangeal (MCP) and 

proximal interphalangeal (PIP) joints), wrists and ankles 

predominately affected. The course of joint manifestations 

is either intermittent or chronic remittent. As the cuta-

neous involvement progresses, an inexorable tethering and 

contracture of the underlying joints occurs with impairment 

of movement and function. Joint contracture, resulting 

from joint destruction evolving into ankylosis and fibrotic 

changes in the skin, was observed in 31% (2264/7286) of 

patients in the EUSTAR registry. Clinical findings are often 

minimal at the onset, apart from features that may be indic-

ative of early SSc. Some patients may exhibit localised joint 

tenderness or swelling, and joint effusions may be detect-

able, although they are usually mild (Palmer et al, 1981).

Laboratory findings
Up to 30% of patients with SSc are positive for rheuma-

toid factor (Blocka et al, 1981; Avouac et al, 2006b). This 

test seems to be non-specific and does not distinguish 

between patients with SSc with musculoskeletal manifesta-

tions and those patients not affected (Avouac et al, 2006b). 

Rheumatoid factor may also be positive in patients with 

SSc-associated secondary Sjögren’s syndrome (Avouac 

et  al, 2006c). Testing for anti-cyclic citrullinated peptide 

(anti-CCP) antibodies might be of great help in identifying 

the infrequent cases of true SSc–rheumatoid arthritis (RA) 

overlap (Avouac et  al, 2006a). Different cross-sectional 

studies estimate the point prevalence of anti-CCP anti-

bodies in patients with SSc as 1–15%. These studies also 

suggest the potential diagnostic value of this test to iden-

tify patients with SSc who also have RA, with a sensitivity 

ranging from 50% to 100% and a specificity of about 95% 

(table 2) (Avouac et al, 2006a; Ingegnoli et al, 2007; Marrone 

et al, 2007; Morita et al, 2008; Santiago et al, 2008; Generini 

et al, 2009; Ueda-Hayakawa et al, 2010; Payet et al, 2014).

However, the presence of rheumatoid factor or anti-CCP 

antibodies does not seem to correlate with the clinical or 

radiographic pattern of arthritis, although the studies so far 

have been limited by small sample sizes (La Montagna et al, 

2005; Avouac et al, 2006b).

Analysis of the synovial fluid generally reveals normal or 

modestly increased leucocyte concentrations of <2000 cells/

mm3 and a predominantly mononuclear infiltrate (Schum-

acher, 1973). Synovial biopsies from SSc joints have shown 

histological evidence of inflammation, with lymphocytic 

and plasma cell infiltration and superficial fibrin deposits 

but rarely, if ever, pannus formation.

Joint involvement as a correlate of 
prognosis in SSc
In the EUSTAR registry, patients with synovitis and early 

disease (date of first non-Raynaud’s symptom <3 years 

previously) were more likely to experience diffuse cuta-

neous thickening (57% vs 33%; p<0.0001). This observation 

raises the question of the prognostic value of synovitis in 

patients with early SSc for identifying those at potential risk 

of developing the diffuse cutaneous form. The likelihood of 

severe vascular (raised systolic pulmonary artery pressure 

>40 mm Hg) and muscular (muscle weakness) involvement 

was higher in patients with synovitis, regardless of their 

cutaneous subset or their disease duration. Thus, synovitis 

could be a risk factor for a poor prognosis in SSc. 

Two recent prospective cohort studies including patients 

from the EUSTAR database have identified joint synovitis as 

Clements et al, 

2001

(n=134 diffuse SSc)

Ostojic and 

Damjanov, 

2006

(n=105)

Malcarne and 

Damjanov, 2007

(n=114)

Ostojic et al, 

2008

(n=60)

Avouac 

et al, 2010

(n=7286)

Frequency of joint pain No data 50 (48%) 70 (61%) 29 (48%) No data

Frequency of synovitis (tender 
and swollen joints)

51 (38%) 17 (16%) 68 (60%) 9 (15%) 1191 (16%)

Table 1 Prevalence of arthralgia and synovitis in systemic sclerosis (SSc).
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a predictor of disease progression. The first study included 

1301 patients with SSc with disease duration of ≤3 years 

at inclusion and with a follow-up of at least 2 years (mean 

follow-up 4.5±2.2 years) (Avouac et  al, 2014). Joint syno-

vitis, detected by clinical examination, was independently 

predictive of the worsening of the modified Rodnan Skin 

Score (≥30% and ≥5 points) and of the further occurrence 

of new ischaemic digital ulcers and decreased left ventric-

ular ejection fraction. The second study was performed on 

637 patients with the dcSSc subset (Maurer et  al, 2014). 

Joint synovitis was also identified in univariate and multi-

variate analysis as a predictor of progressive skin fibrosis. 

A second validation cohort of 188 patients with dcSSc 

confirmed joint synovitis as an independent predictor of 

progressive skin fibrosis within 1 year. Taken together, the 

results of these two studies strongly suggest that synovitis, 

an easily detected clinical marker, may be useful for the risk 

stratification of patients with SSc.

One study also identified an association between syno-

vitis and elevated acute phase reactants (erythrocyte 

sedimentation rate ≥28 mm/1st h and C-reactive protein 

≥10 mg/L), suggesting that joint involvement might be 

associated with systemic inflammation in SSc (Avouac et al, 

2006b, 2010). This is partly supported by the infiltration of 

inflammatory cells in SSc synovial biopsies (Schumacher, 

1973).

Radiological features: structural 
osteoarticular lesions
Many distinctive radiographic abnormalities have been 

recognised in patients with SSc. Articular lesions, from 

juxta-articular osteoporosis and joint space narrowing to 

frank erosions, have been reported in the MCP, PIP and 

distal interphalangeal (DIP) joints, as well as the wrist. 

Patterns of SSc arthropathy range from that resembling 

erosive osteoarthritis (OA) or psoriatic arthritis with rela-

tive sparing of MCP joints to changes reminiscent of RA 

(figure 1).

A seemingly distinctive erosion or focal resorptive 

change, localised to the dorsal aspect of the MCP and 

PIP heads, has been reported. Its aetiology may be related 

to capsular or ligamentous traction rather than true 

synovial inflammation (Ueda-Hayakawa et  al, 2010). In 

addition, selective involvement of the first carpometa-

carpal phalangeal joint might be a distinctive feature 

of SSc. Pencil-in-cup deformity in hands and feet, also 

found in psoriatic arthritis and other rheumatic diseases, 

has been reported (figure 1D) (Swezey et al, 1972). These 

particular features may be associated with non-articular 

abnormalities—in particular, skin atrophy, subcutaneous 

calcinosis and digital tuft resorption, which are among the 

Figure 1 Examples of erosive arthropathy of systemic sclerosis. 

(A) Erosive arthropathy of the right wrist (white arrow). (B) Ero-

sive radiographic arthritis characterised by erosions and joint 

space narrowing involving the proximal interphalangeal (PIP) and 

the distal interphalangeal joints (white arrows). (C) Foot erosive 

 radiographic arthritis involving metatarsophalangeal joints (white 

arrows) associated with acro-osteolysis (red arrow). (D) SSc-related 

arthropathy involving the second and third PIP joints, resembling 

psoriatic arthritis (white arrows).

Table 2 Point prevalence of anti-cyclic citrullinated peptide (anti-CCP) antibodies in systemic sclerosis.

Avouac 

et al, 

2006a

(n=120)

Morita 

et al, 

2008

(n=114)

Generini 

et al, 2009

(n=55)

Marrone 

et al, 

2007

(n=60)

Ingegnoli 

et al, 2007

(n=75)

Ueda-

Hayakawa 

et al, 2010

(n=146)

Payet et al, 

2014

(n=44)

Prevalence of anti-CCP, n (%) 2 (1.5%) 3 (2.6%) 4 (7%) 5 (8%) 8 (11%) 18 (12%) 7 (16%)

Sensitivity of anti-CCP for 
the diagnosis of associated 
rheumatoid arthritis

100% 86% 50% 83% 75% 64% Not available
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most distinctive radiographic findings in SSc (figure  2) 

(La Montagna et al, 2005; Avouac et al, 2006b).

The frequency of hand radiographic erosions is between 

10.5% and 40% (table 3) (Bassett et al, 1981; Blocka et al, 

1981; Baron et al, 1982; Brun et al, 1984; La Montagna et al, 

2005; Avouac et al, 2006b; Ingegnoli et al, 2007; Erre et al, 

2008; Koutaissoff et al, 2011). Joint space narrowing is not 

uncommon in SSc; its point prevalence on X-ray exam-

ination is about 30%, with a predominant involvement of 

DIP joints (table 3) (Blocka et al, 1981; Baron et al, 1982; 

La Montagna et al, 2005; Avouac et al, 2006b; Koutaissoff 

et al, 2011).

X-ray examination of patients with SSc may show 

erosions typical of RA in the hands, with MCP and PIP 

distribution and with juxta-articular osteoporosis plus joint 

space narrowing. However, a more distal distribution can 

also occur, which might be related to SSc or digital OA, 

since the majority of patients with SSc are postmenopausal 

women. However, a recent cross-sectional study observed 

the presence of DIP joint erosions and DIP joint space 

narrowing in 15% and 21% of patients with SSc, respec-

tively, versus 0% and 5% in a group of healthy controls 

matched for age and sex, respectively, suggesting that DIP 

changes might be specific for SSc (Avouac et  al, 2006b). 

DIP involvement in SSc will require confirmation through 

further work and larger studies.

In a prospective cohort study of 120 patients, erosive 

arthritis, defined as the occurrence of both erosions and 

joint space narrowing, was found in 22 (18%) patients 

with SSc (Avouac et  al, 2006b). The 5-year longitudinal 

follow-up of these patients, with a systematic examination 

of dual time-point X-ray findings, showed a total radio-

graphic progression of erosive arthritis in 24 (23%) patients 

with SSc. Among these, 10 had developed incident erosive 

arthritis, defined by the occurrence on the second X-ray 

scan of at least one erosion and joint space narrowing, and 

14 experienced worsening of their baseline lesions, defined 

by the occurrence on the second X-ray scan of at least one 

new erosion and/or joint space narrowing (Avouac et  al, 

2011). The presence of erosive arthritis was not associated 

at baseline with any SSc characteristics or with the pres-

ence of rheumatoid factor or anti-CCP2 antibodies. This is 

in accordance with previous studies that failed to show a 

correlation between erosive arthritis and clinical or labora-

tory variables (Blocka et al, 1981; Baron et al, 1982).

Despite the high frequency of erosive arthritis in this 

cohort, no independent predictor of the progression of 

Figure 2 Typical systemic sclerosis radiographic features of erosive 

arthritis of the proximal interphalangeal and distal interphalan-

geal joints (white arrows), subcutaneous calcinosis (blue arrows) 

and acro-osteolysis (red arrow).

Avouac et al, 

2006b

(n=120)

Baron et al, 

1982

(n=38)

La Montagna 

et al, 2005

(n=76)

Brun 

et al, 

1983

(n=41)

Koutaissoff 

et al, 2011

(n=167)

Bassett 

et al, 

1981

(n=55)

Ingegnoli 

et al, 2007

(n=75)

Erre et al, 

2008

(n=41)

Frequency 
of erosions,
n (%)

25 (21%)
Wrist: 17 (68%)
MCP: 9 (36%)
PIP: 10 (40%)
DIP: 18 (72%)

15 (39%)
Wrist: 4 (27%)
MCP: 9 (60%)
PIP: 3 (20%)
DIP: 7 (47%)

8 (10.5%) No data 30 (18%) 12 (22%) 11 (15%) 8 (19.5%)
Wrist: 2 (25%)
MCP: 4 (50%)
PIP: 4 (50%)
DIP: 3 (38%)

Frequency 
of joint 
space 
narrowing,
n (%)

35 (28%)
Wrist: 13 (37%)
MCP: 12 (34%)
PIP: 14 (40%)
DIP: 25 (71%)

13 (34%)
Wrist: 2 (15%)
MCP: 2 (15%)
PIP: 4 (31%)
DIP: 12 (92%)

Wrist: 13 (17%)
PIP: 31 (41%)
DIP: 41 (54%)

10 (24%) 102 (61%) No data No data 29 (71%)
Wrist: 4 (14%)
PIP: 9 (31%)
DIP: 16 (55%)

DIP, distal interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal.

Table 3 Prevalence of erosions and joint space narrowing in systemic sclerosis.

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Joint involvement, synovitis

303

erosive arthritis in SSc was identified (Avouac et al, 2011). 

This lack of a predictive factor for erosive arthritis might be 

related to the multifactorial nature of SSc arthropathy. An 

overlap with RA should be considered but was found in only 

three of 103 patients: two had erosive arthritis at baseline, 

while the third developed erosive arthritis. The possibility 

of erosive OA should also be considered, especially since 

persistent clinical synovitis (defined by tender and swollen 

joints) occurred in only 5/24 (21%) patients with progres-

sion of erosive arthritis. Furthermore, in this latter study, 

there was a high frequency of DIP joint involvement (11/24, 

46%) and a large proportion of the patients were postmeno-

pausal women (83%). However, radiographic progression of 

erosive arthritis also occurred in the wrist (11/24 patients, 

46%), MCP (7/24, 29%) and PIP (9/24, 38%) joints, which 

suggests that these erosive changes were not related only to 

coincident OA.

In our view, some patterns of erosive arthropathy can be 

directly related to SSc and considered as an integral feature 

of this disease; however, DIP involvement suggests coinci-

dent OA.

New imaging techniques for the 
evaluation of joint involvement in SSc
The development of power Doppler ultrasonography, 

which allows the assessment of synovial vascularity (and 

thus active inflammation), and MRI as diagnostic tools and 

for outcome criteria in RA has led to a substantial improve-

ment in disease evaluation. Promising data in SSc are now 

available from these non-invasive techniques, which do not 

use ionising radiation (Picano and Matucci-Cerinic, 2011).

An Italian study including 45 consecutive patients with 

SSc assessed osteoarticular involvement using ultrasonog-

raphy (figure 3) (Cuomo et  al, 2009). Joint effusion and 

synovial proliferation were found in 22 (49%) and 19 (42%) 

of the patients with SSc, respectively (table 4); synovial 

proliferation was associated with increased intra-articular 

power Doppler signals in 11 patients. The prevalence of 

synovitis detected with ultrasound (ie, effusion and/or syno-

vial proliferation) was significantly higher than that found 

by clinical examination (ie, tenderness and/or swelling) (26 

vs 15 of 45 cases; p=−0.03). Some correlation between syno-

vitis and acute phase reactants was also observed.

A second study assessed ultrasonographic hand features 

in 52 patients with SSc (Elhai et  al, 2012). It confirmed 

that synovitis was more frequently detected by ultrasound 

than by clinical examination (46% vs 15%; p<0.01). It also 

showed that 57% of patients with SSc had inflammatory 

synovitis, which was mildly inflammatory with mostly 

Doppler grade 1.

A study performed on 44 patients with SSc has also 

confirmed that ultrasonography can be used to assess hand 

and wrist involvement in SSc, and particularly for the detec-

tion of synovitis, which was detected in 12 of the patients 

(27%) (Freire et al, 2013).

 MRI is also a promising tool for detection of synovitis 

(figure 4). Inflammatory joint disease of the hand has been 

assessed by MRI in 17 patients with a history of joint pain 

or swelling (Low et al, 2009). Ten patients had inflamma-

tory MRI findings with synovitis (n=8), joint effusion 

(n=7) or tenosynovitis (n=8) (table 4). In another series of 

17 patients with SSc with arthralgia but no overt inflam-

matory arthritis, MRI showed synovial inflammation in 

47% of the 17 patients with SSc studied, while ultrasonog-

raphy detected synovial inflammation in 100% of the eight 

patients with SSc studied (Chitale et al, 2010). Another study 

compared MRI and ultrasonography to detect inflamma-

tory arthropathy in patients with SSc and hand arthralgia 

(Abdel-Magied et al, 2013). Both methods were shown to 

be useful to characterise synovial inflammation, but MRI  

was more sensitive. 

For patients with vasculopathy in SSc, magnetic reso-

nance angiography (MRA) is a useful technique for 

assessment of hand vascular involvement. MRA also allows 

detection of synovitis; in one study evaluating hand MRA 

in 38 patients with SSc, 19 patients had one or more joint 

with synovitis and four had tenosynovitis at one or more 

sites (table 4) (Allanore et al, 2007). The relative sensitivity 

Figure 3 Failure of X-ray examination to identify an erosion of the 

right wrist that was detectable by ultrasonography in two differ-

ent planes (white arrows).
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of MRI compared with MRA for detection of synovitis has 

not been examined.

These modern techniques have also been used to 

describe structural articular lesions. The point prevalence 

of erosions assessed by ultrasonography in 45 patients with 

SSc was 11% (5/45 patients) (table 4) (Cuomo et al, 2009). 

In the two studies using MRI , hand erosions were detected 

in 16% (6/38) and 41% (7/17) of patients (table 4) (Alla-

nore et al, 2007; Low et al, 2009). Joint space narrowing has 

been noted with ultrasonography in 8/45 (18%) patients 

with SSc. As presented in figure 4, ultrasonography may be 

more sensitive than X-ray examination for identifying bone 

erosions (figure 3).

Treatment
The management of articular involvement is essentially 

supportive and symptomatic. For the most part, arthralgia 

will respond to simple non-steroidal anti-inflammatory 

drug treatment. Caution should be exercised, however, with 

this class of drugs because of the enhanced risk of gastro- 

oesophageal abnormalities or bleeding and impaired renal 

function in this group of patients. Low-dose corticosteroids 

(<10 mg/day) may also be used for the symptomatic treat-

ment of inflammatory arthritis or tenosynovitis, although 

the risk of renal crisis should be carefully considered (espe-

cially within the first 5 years of disease onset and in patients 

with diffuse SSc, of male gender, with contractures or anti-

ribonucleic acid polymerase III antibodies). 

 A small retrospective series of SSc cases suggested that 

hydroxychloroquine may have a beneficial effect on joint 

involvement in SSc, particularly in those patients with 

synovitis (Bruni et  al, 2017). These data warrant a larger 

and controlled study to evaluate, confirm and validate the 

use of hydroxychloroquine in SSc.

Ultrasonography MRI

Cuomo et al, 
2009
(n=45)

Elhai et al, 
2012
(n=52)

Freire et al, 2013
(n=44)

Low et al, 2009
(n=17)

Allanore 
et al, 2007
(n=38)

Frequency of 
synovitis,
n (%)

22 (49%)
19 (42%) 
with synovial 
proliferation

24 (46%)

68 regions explored:
33 (49%) power Doppler 
grade 1
6 (9%) power Doppler 
grade 2 or 3

17 (39%)

52 regions explored:
28 (54%) power Doppler 
grade 1
5 (10%) power Doppler 
grade 2 or 3

8 (47%) 19 (50%)

Frequency of 
joint space 
narrowing,
n (%)

8 (18%)
MCP: 8 (100%)
PIP: 2 (25%)

No data No data No data No data

Frequency of 
erosions,
n (%)

5 (11%)
Wrist: 1 (20%)
MCP: 4 (80%)

No data No data 7 (41%)
Wrist: 2 (29%)
MCP: 5 (71%)
PIP: 2 (29%)

6/38 (16%)

MCP, metacarpophalangeal; PIP, proximal interphalangeal.

Table 4 Prevalence of joint involvement with ultrasonography and MRI.

Figure 4 Detection of synovitis with ultrasonography and MRI. (A) 

Ultrasonography with power Doppler imaging showing synovitis 

of the second metacarpophalangeal joint. (B)  MRI showing radio-

carpal and mediocarpal joint synovitis. (C) Magnetic resonance an-

giography disclosing synovitis of the second proximal interphalan-

geal joint (white arrow).
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By analogy with RA, methotrexate may be used for the 

treatment of inflammatory arthritis. Subcutaneous or intra-

muscular routes of administering methotrexate may improve 

absorption in patients with SSc, many of whom have covert 

malabsorption (Visser and van der Heijde, 2009).

Other immunosuppressive drugs may be used, such as 

azathioprine or cyclophosphamide. However, secondary 

analyses of the Scleroderma Lung Study (which evalu-

ated eight joints only) showed no significant effects on 

articular outcomes with cyclophosphamide. In particular, 

there was no significant difference between the placebo 

and cyclophosphamide groups for joint swelling and 

tenderness in the eight joint counts at 12 and 24 months 

(Au et al, 2010).

A pilot study performed on seven women with SSc and 

severe, refractory inflammatory joint involvement suggested 

that 6 months of intravenous immunoglobulin treatment 

effectively reduced joint pain/tenderness (assessed by 

Visual Analogue Scales) and improved the quality of life 

(assessed by the Dreiser Algofunctional Index and the 

Health Assessment Questionnaire (HAQ)). However, the 

costs of immunoglobulins might limit their use to patients 

with very severe, refractory articular involvement for whom 

other disease-modifying antirheumatic drugs have failed 

(Nacci et al, 2007).

Biological agents have introduced a new era in the 

treatment of inflammatory rheumatic conditions, and it is 

regrettable that no randomised controlled trial has yet been 

performed in SSc. The efficacy of tumour necrosis factor 

α (TNFα) inhibitors on inflammatory joint symptoms 

has been suggested in a retrospective study performed on 

18 patients treated with etanercept over a period of 2–66 

months (Lam et al, 2007). Fifteen of these 18 patients had 

‘positive responses’ (not defined in the report, which has 

the limited format of a letter to the editor), with a signif-

icant decrease in signs of inflammation or synovitis on 

follow-up examination and complete resolution of joint 

symptoms in some patients. Mean HAQ-Disability Index 

scores also decreased with treatment, paralleling the 

improvement in joint disease. Despite these promising 

preliminary results, no other study has assessed the poten-

tial efficacy of TNFα inhibitors in SSc-related arthritis. 

This may be due to concerns about the safety of this 

therapeutic class of drugs in SSc. Thus, one case of fatal 

exacerbation of fibrosing alveolitis has been reported in 

a patient with SSc after adalimumab treatment (Allanore 

et al, 2006). Also, other very rare cases of fatal exacerba-

tion of pulmonary fibrosis while receiving treatment with 

TNFα inhibitors have been also described in RA (Ostor 

et al, 2004).

In addition, in a 26-week open-label pilot study 

performed on 16 patients and aiming to assess the safety of 

infliximab in diffuse cutaneous SSc, 127 adverse events (10 

severe) occurred in 16 patients. Of these, 19 adverse events 

were directly related to the infliximab treatment. Moreover, 

infusion reactions directly related to infliximab led to early 

discontinuation of treatment in 8/16 patients (Denton et al, 

2009). Separately, infliximab did not show a clear overall 

benefit at week 26, although articular involvement was not 

considered as an outcome measure. Thus, these data may 

limit the further use of these drugs in SSc-related arthritis 

except for study in a research-based clinical trial or a formal 

randomised clinical trial.

A three-round Delphi exercise was performed among 

EUSTAR centres to obtain expert consensus on the use of 

TNFα inhibitors in SSc (Distler et al, 2011). Most EUSTAR 

experts recommended the use of TNFα antagonists only 

in randomised controlled clinical trials and discouraged 

off-label use in individual patients outside clinical trials. 

Arthritis was considered a manifestation that might respond 

to TNFα antagonists, and the group recommends that the 

response of SSc arthritis to TNFα antagonists should be 

investigated in more detail. In contrast, other manifesta-

tions of SSc, such as fibrosis, were not expected to benefit 

from treatment with TNFα antagonists. Thus, it seems 

reasonable to await consistent, controlled trials examining 

the safety and efficacy of TNFα inhibitors for joint symp-

toms in SSc.

Rituximab, a chimeric monoclonal antibody against the 

protein CD20 that demonstrated efficacy in RA, might also 

be beneficial for the treatment of SSc arthritis. However, no 

study has yet assessed this drug for this specific indication. 

Open-label trials seem promising, suggesting the potential 

efficacy of rituximab for the treatment of skin and pulmo-

nary manifestations in SSc, although articular involvement 

was not evaluated in any of these studies (Lafyatis et  al, 

2009; Smith et al, 2009; Daoussis et al, 2010; Jordan et al, 

2015). Further research assessing the efficacy of rituximab 

in SSc-related joint disease is now warranted before this 

treatment is recommended. 

The EUSTAR group collected observations that showed 

a tendency towards articular improvement in patients 

with polyarthritis receiving tocilizumab during refrac-

tory SSc. However, no improvement in dermatological 

or pulmonary involvement was seen, but instead a rather 

weak decline (Elhai et al, 2013). There was decrease in the 
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28-joint count Disease Activity Score of 1.8±1.5 (2.8±0.6 

before the last perfusion was given at 6 months vs 4.6±1.0 

at the start, p=−0.02) with a decrease in the painful joint 

count of 5 (4.2±4.3 vs 9.2±8.6) and in the swollen joint 

count of 0.5 (3.0±4.4 vs 3.5±3). A good EULAR response 

was observed in three of five patients. The results of a phase 

III study called faSScinate have recently been presented 

(Khanna et  al, 2016). It evaluated the efficacy of tocili-

zumab on SSc cutaneous involvement in the recent and 

evolving diffuse cutaneous form. Favourable trends in skin 

score for tocilizumab were detected, though the primary 

skin score end point was not met. In addition, encouraging 

changes in forced vital capacity were noted. The ongoing 

larger double-blind phase III focuSSced trial will provide 

additional information, especially on inflammatory joint 

involvement.

The EUSTAR group has also collected observations on 

the effects of abatacept on articular involvement in SSc 

(Elhai et al, 2013). Like tocilizumab, favourable effects on 

inflammatory articular involvement were obtained after 11 

months of treatment, with abatacept having a good EULAR 

response in 6 of 11 patients. However, no modification in 

cutaneous and pulmonary involvement was seen. A phase 

II multicentre study called ASSET (A Study of Subcu-

taneous Abatacept to Treat Diffuse Cutaneous Systemic 

Sclerosis) on the early diffuse cutaneous form is ongoing 

and will evaluate the safety and the efficacy of abatacept, 

primarily on skin involvement. Positive or negative change 

on 28-tender/swollen joint counts will be also assessed as a 

secondary outcome.

Thus, tocilizumab and abatacept seem to be safe, and 

preliminary data suggest that they may improve joint 

involvement after 3–6 months in patients with refractory 

SSc arthritis. These encouraging first reports suggest that 

biological agents may open major perspectives in SSc- 

related arthritis. 

Reports on rehabilitation techniques in SSc comprise 

studies evaluating the effectiveness of paraffin wax treat-

ment, hand and face stretching exercises, connective tissue 

massage and joint manipulation, splints, aerobic exercise 

and resistance training. The data seem promising, apart 

from splints, for improving joint motion range, hand func-

tion and cardiopulmonary endurance (Seeger and Furst, 

1987). Manual therapy and self-administered stretching 

(3–10 times, 19 s per digit) was shown to be effective and 

significantly improved the passive range of movement after 

1 month as well as 1 year, and improved gripping and eating 

ability (Mugii et al, 2006).

However, the majority of studies involved small sample 

sizes and no control groups (Poole, 2010). Thus, larger 

randomised controlled studies are needed to fully deter-

mine the effectiveness of rehabilitation techniques in 

patients with SSc.

Surgery of the hand is used in SSc, but the goals of 

surgery are limited. They include pain relief, repositioning 

the digits, providing a functional fusion position and, in 

some cases, modest mobilisation through resection arthro-

plasty to marginally improve finger function for patients 

with marked pre-existing limitations (Jones et  al, 1987). 

Surgical reconstruction of severely flexed PIP joints by 

straightening and fusing them is often successful if the MCP 

joints are mobile. This procedure may increase function 

and reduce the frequency of dorsal skin ulceration. Some 

rigid, deformed digits benefit from MCP joint resection to 

overcome contracture, reposition the digits and introduce 

a small range of mobility. If surgery is contemplated, then 

local or regional anaesthesia is preferred for patients with 

SSc, particularly in those with cardiac or pulmonary mani-

festations. Moreover, severe narrowing of the oral aperture 

can result in difficulty with orotracheal intubation, and 

paediatric tubes for intubation may be considered. In the 

care of a hand surgeon experienced in the surgical manage-

ment of patients with SSc, surgical wounds generally heal 

well after resection of the heads of the approximating joints 

before the PIP or DIP joints are fused (Bogoch and Gross, 

2005).

Tendon involvement

Clinical presentation
Tendon abnormalities were first described in 1876 by 

Westphal, who noticed ‘coarse cracking and crepitus of 

finger and knees’ in a 23-year-old woman with diffuse 

cutaneous SSc. Shulman and colleagues (1961) attributed 

these grating sensations to fibrinous deposits on the 

surface of tendon sheaths and overlying fascia. Rodnan 

and Medsger (1968) described this finding in 19 of 53 

patients as ‘leathery crepitus’ on palpation of the knees, 

wrists, fingers and ankles during motion. In the lower 

extremities, tendon rubs are usually localised to the 

tendons of the tibialis anterior and the Achilles tendon, or 

less frequently, the peroneus muscles. In the forearm, the 

source of this rub is usually the tendons of the flexor or 

extensor muscles immediately proximal to the wrist.

Systematic cross-sectional examination of the EUSTAR 

registry data identified tendon friction rubs (defined by 
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a leathery, rubbing, ‘squeaking’ sensation detected as the 

tendon is moved actively or passively) in 11% (802/7286) of 

patients with SSc. The prevalence of tendon involvement in 

SSc is shown in table 5.

Median nerve compression with carpal tunnel 

syndrome may occur, presumably from changes in the 

tendon sheaths beneath the transverse carpal ligament. 

Since carpal tunnel syndrome is often the symptom that 

brings the patient to a doctor, all doctors should be aware 

of its association with SSc. In particular, the co-occurrence 

of Raynaud’s syndrome and puffy fingers together with 

carpal tunnel syndrome indicates that in-depth investi-

gation for potential connective tissue disorder should be 

carried out. Inflammatory proliferative tenosynovitis may 

lead, in rare cases, to tendon rupture (Rosenbaum et  al, 

1985). Pathological examination of biopsy samples and 

of tissue obtained at necropsy has disclosed thickening of 

the tendon sheath and deposits of fibrin on the surface of 

the sheaths and tendons similar to those changes in the 

synovium of the suprapatellar bursa. There appears to be 

relatively little inflammatory reaction.

Tendon involvement as a correlate of 
prognosis in SSc
Tendon involvement is more prevalent in patients with the 

diffuse cutaneous form of SSc and early disease (Steen and 

Medsger, 1997; Avouac et al, 2010). It is also associated with 

signs of severe vascular, muscular and renal involvement, 

and decreased survival. In particular, data have highlighted 

the independent association, in multivariate analysis, 

between tendon friction rubs and digital ulcerations, muscle 

weakness, pulmonary fibrosis on plain chest X-ray analysis, 

and proteinuria detected with a urinalysis dipstick. Tendon 

friction rubs have been shown to be associated with active 

disease (Khanna et al, 2010). A prospective analysis of the 

EUSTAR database has also confirmed that tenosynovitis 

is an independent predictor of skin progression and of the 

further occurrence of scleroderma renal crisis (Avouac 

et  al, 2014). These results highlight that tendon friction 

rubs are an important physical finding because they often 

precede widespread skin thickening and can be considered 

as a predictive sign for poor outcome. Thus, searching for 

friction rubs should be a routine part of the physical exam-

ination, since they are useful for prediction of classification, 

severity and progression.

New imaging techniques for the 
evaluation of tendon involvement in SSc
The prevalence of tendon involvement has been assessed 

by MRI  in a preliminary study performed on 17 patients; 

eight had tenosynovitis, either of flexor (n=7) or extensor 

(n=3) tendons, or both (Low et al, 2009). The frequency of 

tendon involvement has been assessed by ultrasound in two 

studies (Elhai et al, 2012; Freire et al, 2013), which found a 

point prevalence of 27% (14/52 patients and 12/44 patients 

respectively). Interestingly, ultrasonography detected 

inflammatory or fibrotic changes in teno synovitis. Thus, 

ultrasound and MRI might be useful to discriminate teno-

synovitis secondary to fibrous deposits on the surface of the 

tendon sheaths from the changes of inflammatory teno-

synovitis (figure 5). Of note, a layered pattern (similar to 

the appearance of an artichoke heart) of tenosynovitis was 

commonly seen in patients with SSc.

The results of these studies support the need to validate 

these very promising imaging techniques in SSc, perhaps 

using the OMERACT (Outcome Measures in Rheuma-

toid Arthritis Clinical Trials) filter (Bellamy, 1999). The 

OMERACT process involves consensus on outcome 

measures and is based on the ‘OMERACT filter’, which 

comprises three key components: truth, discrimination 

and feasibility. Thus, larger sample sizes and additional 

cross-sectional and prospective approaches are warranted 

to better define the proper study technique and to perform 

the studies needed to validate the measures for clinical 

trials. In addition, ultrasound and MRI/MRA are tech-

niques that could allow the simultaneous assessment of 

Table 5 Prevalence of clinical tendon involvement.

Clements et al, 

2001

(n=134 diffuse 

SSc)

Ostojic et al, 

2006

(n=105)

Malcarne et al, 

2007

(n=114)

Ostojic 

et al, 

2008

(n=60)

Avouac 

et al, 

2010

(n=7286)

Steen and 

Medsger, 

1997

(n=1305)

Frequency 
of tendon 
involvement, 
n (%)

48 (36%) 16 (15%) No data 9 (15%) 802 
(11%)

368 (28%)
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osteoarticular involvement and SSc-related vasculopathy. 

This would be of great value for this specific disease and 

provide objective measures of involvement and responses 

to treatment.

Treatment
The treatment of tendon involvement is usually symptom-

atic and supportive. For the most part, tenosynovitis will 

respond to non-steroidal anti-inflammatory drugs or low 

doses of corticosteroids, although the potential toxicity 

of these approaches requires follow-up. Surgery may be 

required in the very rare occasions of tendon rupture. In 

cases of carpal tunnel syndrome, corticosteroids can be 

injected under the retinaculum, which usually provides 

rapid symptomatic relief of the symptoms. Surgical carpal 

tunnel release is usually very effective in patients with 

symptomatic and refractory disease.

Conclusion and perspectives
Skeletal involvement is common in SSc and represents 

a heavy burden. It is multifaceted and injury to several 

structures may occur, leading to major disability. Recent 

data support the suggestion that synovitis and tenosyno-

vitis could be useful for the risk stratification of patients 

with SSc since they predict disease progression. Recent 

clinical and radiographic studies have allowed better 

estimation of the frequency of joint involvement and 

identified subsets of patients with SSc with a higher risk 

of developing joint involvement. Several pilot studies 

have underlined the potential usefulness of new imaging 

techniques, such as ultrasonography, MRI and MRA. 

Larger studies are now needed to confirm these prom-

ising results and validate these tools for clinical trials 

and routine practice. Finally, although understanding of 

osteoarticular pathogenesis has increased significantly 

in the past few years, the optimal treatments for inflam-

matory joint disease remain to be determined. This is a 

major challenge but would improve SSc morbidity and 

patient quality of life. To that end, a study and validation 

of outcomes measures in this field is urgently needed. 

Thereafter, rigorous randomised controlled trials could 

be performed to assess the potential of the many relevant 

current and upcoming drugs, thus offering some hope in 

a disease that remains devastating.
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Figure 5 Tendon involvement assessed by ultrasonography and 

MRI. (A) Ultrasonography showing fibrotic tenosynovitis of the ex-

tensor digitorum communis tendon. (B) Ultrasonography showing 

inflammatory tenosynovitis of the extensor carpi ulnaris tendon. 

(C) MRI showing extensor tenosynovitis (white arrows) and radio-

ulnar joint synovitis. (D) MRI showing tibialis anterior inflammatory 

tenosynovitis.

Summary points

•	 Articular involvement is common, contributes to disability and could be a component of early SSc.

•	 Articular involvement is a marker of active disease.

•	 Promising preliminary data support the development of new imaging tools, such as ultrasonog-

raphy and MRI.

•	 Tenosynovitis may be inflammatory or display a unique fibrotic pattern specific to patients with SSc.

•	 Arthritis related to SSc is an interesting disease subset for studying the effects of biological agents.
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Introduction

The literature on systemic sclerosis (SSc)-associated 

myopathy is extremely heterogeneous due to the absence 

of diagnostic criteria. Clements et al (1978) proposed the 

existence of two different subsets of muscle involvement 

based on manual muscle strength testing (MMT), muscle 

enzyme levels and EMG findings. The majority of patients 

with SSc (19 of 24) had a ‘simple myopathy’ with proximal 

muscle weakness, normal or mildly increased creatine 

kinase (CK) and aldolase levels, and polyphasic motor 

unit potentials of normal amplitude and duration on 

EMG. Muscle biopsies (performed in only three patients) 

showed fibrosis and variations in the diameter of muscle 

fibres without inflammatory changes. The disease course 

was stable, and only one patient was treated with corti-

costeroids for 4 months. The subgroup of ‘complicated 

myopathy’ (four patients) presented with muscle weak-

ness, greatly increased muscle enzymes, polyphasic motor 

unit potentials of short duration and small amplitude, 

fibrillations, positive sharp waves and increased inser-

tional irritability on EMG. Three patients had features 

indistinguishable from polymyositis and responded well 

to corticosteroid treatment.

Meanwhile, several studies have supported the presence 

of both a rather mild form of proximal myopathy (Haus-

manowa-Petrusewicz et  al, 1982; Brick and Brick, 1989; 

Averbuch-Heller et  al, 1992; Hietaharju et  al, 1993) and 

of myositis in patients with SSc. However, the previously 

suggested classification into a simple and a complicated 

myopathy to predict the clinical course and response to treat-

ment could not be sustained since an increasing number of 

studies showed that clinical and laboratory features (D’An-

gelo et  al, 1969; Ranque et  al, 2010) as well as EMG and 

histopathological findings (Medsger et al, 1968; Thompson 

et al, 1969; Ringel et al, 1990; Follansbee et al, 1993) did not 

support such a dichotomous classification.

Prevalence
In the literature, the prevalence of muscle involvement in SSc 

varies largely from 5% to 96% (Tuffanelli and Winkelmann, 

1961; Medsger et al, 1968; Thompson et al, 1969; Clements 

et al, 1978; West et al, 1981; Hausmanowa-Petrusewicz et al, 

1982; Mimori, 1987; Follansbee et  al, 1993; Walker et  al, 

2007; Ranque et al, 2010).

The main reason for this variation is probably the 

lack of diagnostic consensus criteria for myopathy in 

SSc. In the published studies, combinations of muscle 
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weakness (self-reported and/or assessed by MMT), eleva-

tion of muscle enzymes (CK/aldolase levels), EMG, MRI 

or muscle biopsies were most often used (Medsger et al, 

1968; Clements et al, 1978; West et al, 1981; Arnett et al, 

1996; Tager and Tikly, 1999; Mimura et al, 2005; Ranque 

et al, 2010), with clinical criteria probably being the least 

reliable parameters.

In a study by Medsger et al (1968), only 20% of patients 

reported muscle-related symptoms, whereas on exam-

ination >90% had proximal muscle weakness. Muscle 

weakness due to primary myopathy needs to be distin-

guished from secondary myopathy due to disuse (fatigue, 

articular disease, pulmonary/heart involvement), atrophy 

because of weight loss or the side effects of drugs (statins, 

antimalarial agents, etc). Laboratory features such as eleva-

tion of muscle enzymes may additionally contribute to the 

varying prevalence, since in some patients muscle enzymes 

are only moderately raised or not raised at all despite myop-

athy having been diagnosed by EMG or muscle biopsy 

(Medsger et al, 1968; Clements et al, 1978).

Furthermore, there might be a selection bias due to the 

study population since muscle involvement seems more 

common in patients with diffuse SSc (West et  al, 1981; 

Tager and Tikly, 1999; Mimura et  al, 2005; Walker et  al, 

2007; Ranque et al, 2010).

Whether ethnicity may contribute to the variation in 

prevalence has not yet been systematically investigated. One 

Japanese study reported a prevalence of skeletal myopathy 

of 14% in patients with SSc (Mimura et al, 2005), and in a 

study in black South Africans with SSc, 37% had myositis 

(Tager and Tikly, 1999). Another study in American women 

found a higher prevalence of myositis in African-American 

than in white patients with SSc (Laing et al, 1997).

Another factor contributing to the varying prevalence 

may be the inclusion or exclusion of scleroderma–myositis 

overlap syndromes (Mimori, 1987; Ringel et al, 1990; Troy-

anov et al, 2005). Usually, overlap syndromes are considered 

as the presence of characteristic features of two distinct 

rheumatic diseases, including expression of the respective 

autoantibodies. However, in the literature, other definitions 

are also used. Thus, there is no agreed consensus on whether 

an inflammatory myopathy in SSc should be considered 

a disease symptom or scleroderma–myositis overlap. In 

the literature, SSc is the most common connective tissue 

disease associated with inflammatory myopathies. In recent 

studies, SSc was found to account for 42% of patients with 

myositis overlap (Troyanov et al, 2005; Pakozdi et al, 2011; 

Aguila et al, 2014).

Clinical symptoms

Muscle weakness
The prevalence of self-reported muscle weakness in the 

EUSTAR (EULAR Scleroderma Trials and Research group) 

cohort was 37% in diffuse SSc versus 23% in limited SSc 

(Walker et  al, 2007). Interestingly, when muscle strength 

was tested manually, the prevalence varied widely from 

10% (Clements et al, 1999a, 1999b) to 77% (Ranque et al, 

2010), 81% (Medsger et al, 1968) and 96% (Clements et al, 

1978). Thus, there is a striking difference in the prevalence 

of self-reported and objectively assessed muscle weakness. 

The lower prevalence of self-reported muscle weakness 

in the majority of the studies may suggest that muscle 

involvement in patients with SSc is frequently rather mild 

and/or that the level of physical activity of these patients is 

reduced for other reasons, such as malaise, synovitis and 

heart or lung disease. However, in a study by Clements et al 

(1999a), the prevalence of self-reported muscle weakness 

was higher (26–40%) than that assessed by MMT (10%). 

This may reflect the fact that sometimes muscle weak-

ness might be due not to a primary myopathy but to other 

disease symptoms, such as joint involvement, skin contrac-

tures or fatigue. Thus, it is not possible to distinguish 

clinically whether muscle weakness results from primary or 

secondary myopathy or whether it is due to inflammation 

or muscle damage.

In SSc, muscle weakness is usually symmetrical and 

mainly affects the proximal muscles. In studies in which 

reduced strength of distal extremities was reported, the 

examined patients had extensive dermal and articular 

changes in proximity to the assessed muscles (Medsger et al, 

1968; Hausmanowa-Petrusewicz et  al, 1982). One recent 

EUSTAR study demonstrated that in both SSc subsets, 

synovitis and tendon friction rubs were positively associ-

ated with muscle weakness in multivariate analysis (Avouac 

et  al, 2010). Whether this was due to generally increased 

disease activity or was a secondary effect of damage to 

joints and tendons is unknown.

In patients with SSc with myositis (Clements et al, 1978) 

or scleroderma–myositis overlap syndromes, weakness of 

the head extensor muscles may also occur (Mimori, 1987; 

Garcin et al, 2010).

Muscle pain
The prevalence of myalgia also varies in the published 

studies, ranging from approximately 20% (Medsger et  al, 

1968) to 35% (Clements et al, 1999a) to 86% (Ranque et al, 
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2009) in patients with SSc, and is reported to be even higher 

in scleroderma–myositis overlap syndromes (Mimori, 

1987; Marie et al, 2010).

Extraskeletal muscles
Heart

An increasing number of studies support an association 

between muscle involvement and myocardial disease in 

patients with SSc. In the study by West et  al (1981), 47 

patients with diffuse SSc were analysed; eight patients 

had myositis, and three of those had also myocarditis. In 

another study by Follansbee et  al (1993), examination of 

the computerised records of 1095 consecutive patients 

with SSc showed that 17% had myopathy. Of these myop-

athic patients, 21% were simultaneously diagnosed with 

myocardial disease and 8% died from cardiac causes. In 

accordance with previous studies (Tager and Tikly, 1999; 

Mimura et  al, 2005), one case–control study confirmed 

myopathy as an independent risk factor for cardiac involve-

ment in SSc (Ranque et  al, 2010). Another case–control 

study showed that in patients with SSc, myositis was inde-

pendently associated with an increased prevalence of left 

ventricular dysfunction (Allanore et al, 2010). Of note, in 

most of the discussed studies, the patients who developed 

cardiac disease had inflammatory myositis with a marked 

increase in CK levels. All three patients in the study by 

West et  al (1981) and 14 patients (56%) in the study by 

Follansbee et  al (1993) met Bohan and Peter’s criteria for 

polymyositis. Thus, it could be hypothesised that heart 

involvement is associated with inflammatory myositis in 

patients with SSc and/or scleroderma–myositis overlap. 

In the study by West et al (1981), patients responded well 

to treatment with corticosteroids, with normalisation of 

muscle strength and enzymes. However, the patients devel-

oped late-onset, life-threatening conduction defects, so the 

authors suggested that patients with SSc with myositis and 

myocarditis should be closely followed-up. These findings 

were recently confirmed by another study by Pieroni et al 

(2014). 

Respiratory muscles

Involvement of the respiratory muscles in SSc has not been 

examined; however, respiratory muscles might be affected 

in patients with polymyositis/dermatomyositis or overlap 

syndromes (Marie et al, 2010).

Oesophagus

Oesophageal dysfunction is a common phenomenon 

in SSc, occurring in approximately 68% of patients, and 

affects both disease subsets equally (Walker et  al, 2007). 

The reported prevalence is similar in scleroderma–myositis 

overlap (Mimori, 1987; Marie et  al, 2010). The study by 

Ranque et al (2010) showed that oesophageal dysfunction 

occurred independently of myopathy.

Laboratory features

Muscle enzymes
Elevation of muscle enzymes is inconsistent in patients 

with SSc with myopathy. In the EUSTAR cohort, raised 

CK levels were reported in 4.4% of patients with limited 

SSc and in 11.3% of patients with diffuse SSc (Walker et al, 

2007). In the study by Ranque et al (2009), 82% of patients 

with biopsy-proven myositis had increased CK levels and 

76% had increased aldolase levels. Clements et  al (1978) 

showed that 97% of the patients described as having poly-

myositis or dermatomyositis had abnormal CK and 83% had 

increased aldolase levels, and all but one patient displayed 

inflammatory changes on muscle biopsy. These findings 

are in line with a recent study showing a correlation of CK 

levels with the presence of inflammation and/or necrosis on 

muscle biopsy (Paik et al, 2015). Interestingly, in the group 

of patients with ‘simple’ myopathy, only 37% had raised CK 

levels and 47% had increased aldolase levels. CK and aldo-

lase levels were lowest in the latter group and highest in the 

group defined as having polymyositis/dermatomyositis, with 

levels in ‘complicated’ myopathy in between. In the study by 

West et  al (1981), all patients had biopsy-proven myositis, 

but in patients with myocarditis who could not be clinically 

distinguished from patients with polymyositis, CK levels 

were substantially higher. These results support findings 

from other studies showing that patients with scleroderma–

myositis overlap have substantially higher CK levels (Mimori, 

1987; Troyanov et al, 2005; Marie et al, 2010) than patients 

with SSc, in whom muscle enzymes are moderately elevated 

(<10 upper limit of normal). However, in patients with SSc, 

CK levels might be normal despite an objective reduction 

in muscle strength, abnormal EMG or pathological muscle 

biopsy (Medsger et  al, 1968; Ringel et  al, 1990; Hietaharju 

et al, 1993). Thus, muscle enzymes cannot be considered a 

useful diagnostic parameter to assess the presence or absence 

of myopathy in patients with SSc, although diagnostic sensi-

tivity might be increased by combining the results of CK and 

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Muscle involvement in systemic sclerosis and scleroderma–myositis overlap syndromes

315

aldolase measurements (Clements et al, 1978; Ranque et al, 

2009; Toledano et al, 2012).

Serum autoantibodies
Various autoantibodies can be detected in the serum of 

patients with SSc or scleroderma–myositis overlap syndromes, 

and their presence or absence might be useful for identifying 

the risk of muscle involvement in an individual patient.

A negative association has been reported for anti-

centromere antibodies in various studies (Mimura et  al, 

2005; Steen, 2005; Ranque et al, 2010; Pakozdi et al, 2011). A 

EUSTAR analysis showed that muscle involvement occurred 

more frequently in anti-Scl70 (anti-topoisomerase I) posi-

tive patients (muscle weakness in 32%, muscle atrophy in 

16% and CK elevation in 8.7%) (Walker et  al, 2007). No 

positive association with muscle involvement in SSc was 

reported for anti-RNA polymerase III antibodies (Steen, 

2005; Ranque et  al, 2010). Interestingly, in a recent single-

centre study, biopsy-proven myopathy was also found in 

patients with anticentromere and anti-RNA polymerase III 

antibodies (Paik et al, 2015). The presence of anti-U3-RNP 

(fibrillarin) was associated with myopathy and even myositis 

in approximately 18% (Steen, 2005) to 25% (Okano et  al, 

1992; Aggarwal et al, 2009) of patients with SSc. In patients 

with diffuse SSc, 62% were found to express anti-U3-RNP, 

with 54% of them developing myositis (Tormey et al, 2001). 

Anti-PM-Scl occurs most often in patients with scleroderma–

myositis overlap (Mahler et al, 2005; Steen, 2005; Troyanov 

et al, 2005; Pakozdi et al, 2011) with a prevalence of approxi-

mately 20–51% (Mimori, 1987; Oddis et al, 1992; Raijmakers 

et al, 2004; Hanke et al, 2009; Koschik et al, 2012). However, 

this autoantibody was also detected in 2–13% of patients with 

SSc (Oddis et al, 1992; Raijmakers et al, 2004; Mahler et al, 

2005; Hanke et al, 2009) and in about 2–8% of patients with 

‘pure’ polymyositis or dermatomyositis (Raijmakers et  al, 

2004; Mahler et al, 2005). PM-Scl positivity is strongly asso-

ciated with muscle involvement, and in patients with overlap 

syndrome, muscle involvement resembles inflammatory 

myopathy. Most studies suggest that PM-Scl antibodies occur 

more often in patients with limited SSc (Oddis et al, 1992; 

Steen, 2005; Koschik et al, 2012), but another study reported 

a higher prevalence in patients with diffuse SSc (Hanke et al, 

2009). Anti-PL7 and anti-PL12 have been found to be posi-

tive in patients with myositis overlap syndromes but at low 

frequency (Aguila et al, 2014). Anti-Ku antibodies have been 

reported in a Japanese study in 55% of patients with sclero-

derma–myositis overlap syndromes (Mimori et  al, 1981), 

whereas in an American study only 10% of overlap patients 

were positive for anti-Ku antibodies (Mimori, 1987). Another 

EUSTAR-based study reported the presence of anti-Ku anti-

bodies in 2.2% of patients with SSc, which were significantly 

associated with myositis (Rozman et  al, 2008). An addi-

tional study reported the occurrence of anti-Ku antibodies 

in patients with inflammatory myositis (Pakozdi et al, 2011). 

Anti-U1-RNP antibodies are found in 13–27% of patients 

with scleroderma–myositis overlap (Steen, 2005; Troyanov 

et al, 2005) and are also associated with inflammatory myop-

athy. Anti-Jo1 autoantibodies occur in scleroderma–myositis 

overlap syndromes in 8–24% (Mimori, 1987; Troyanov et al, 

2005) of patients with myositis. Anti-SRP positivity occurs 

most often in ‘pure’ myositis (Kao et al, 2004) and in patients 

with scleroderma–myositis overlap syndromes (Troyanov 

et  al, 2005) and is associated with severe muscle weakness 

and atrophy (Kao et al, 2004). More recently, anti-RuvBL1/2 

autoantibodies were described as new SSc-specific auto-

antibodies occurring in approximately 2% of patients with 

SSc and were found to be associated with myositis overlap. 

Interestingly, the clinical phenotype of those patients differed 

from that of patients with other ‘overlap antibodies’, such as 

anti-PM-Scl or anti-Ku. Anti-RuvBL1/2-positive patients 

were more often older at SSc onset and of male sex and had a 

high frequency of diffuse cutaneous involvement (Kaji et al, 

2014).

In summary, anti-U1-RNP, anti-U3-RNP, anti-Scl70, 

anti-PM-Scl, anti-Ku, anti-Jo and anti-RuvBL1/2 antibodies 

are associated with myopathy in SSc and scleroderma–

myositis overlap syndromes, whereas anticentromere and 

anti-RNA-polymerase III antibodies are negatively associ-

ated with these diseases.

Muscle strength tests
MMT of 24 proximal, distal and axial muscle groups has 

been defined as one of the core sets of measures for eval-

uating disease activity in patients with inflammatory 

myopathies. When performed by experienced and trained 

examiners, the method demonstrated good inter-rater and 

intrarater reliability, sensitivity to change and construct 

validity with global assessments and functional muscle 

assessments (Rider et  al, 2003). Another study of MMT 

using a subset of eight muscles was found to perform as 

well as the 24-muscle group MMT, with similar construct 

validity (Rider et al, 2010). The advantage of this method 

is apparent given its feasibility and low cost. However, 

internal validity may be threatened by patient variables 

(diurnal effects, test comprehension, motor skill, state of 
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arousal, level of motivation, difference in stature relative to 

the tester) or examiner variables (technique, bias in force 

application and grading, inconsistent commands, inexpe-

rience, uneven feedback to the subject). Other limitations 

may arise from the ability to detect weakness in patients 

with only mild strength impairment. Furthermore, the 

method cannot distinguish between reduced muscle 

strength resulting from persistent inflammation or from 

irreversible muscle damage. In inflammatory myopathies, 

clinically meaningful changes in muscle strength have been 

defined as a median improvement of 15% in adult patients 

as assessed by MMT. However, MMT has never been eval-

uated in SSc, and muscle weakness as assessed by MMT 

was reported in published studies in 10% (Clements et al, 

1999a) to 96% (Clements et al, 1978) of patients, once more 

reflecting the lack of definition of muscle weakness. Given 

that in patients with SSc, damage to the skin, joints, heart 

and lungs is likely to additionally affect individual perfor-

mance in muscle strength tests and that in the majority of 

patients the myopathy is less inflammatory and rather mild, 

the ability of MMT to detect clinically meaningful changes 

in muscle strength during the course of disease will have to 

be examined in future studies.

EMG
Evaluation of myopathy by EMG shows pathological 

findings in the vast majority of patients with SSc (>90%) 

(Clements et  al, 1978; Hausmanowa-Petrusewicz et  al, 

1982; Ranque et  al, 2009) regardless of clinical muscle 

involvement, laboratory features or disease duration 

(Hausmanowa-Petrusewicz et al, 1982). The abnormalities 

resemble those of patients with inflammatory myopathies, 

with reduced mean duration of single potentials, increased 

polyphasic potentials, fibrillations, positive sharp waves 

and increased insertional irritability (Clements et  al, 

1978; Hausmanowa-Petrusewicz et  al, 1982) and absence 

of neuropathic changes. The overall sensitivity to detect 

myopathy is higher with EMG than with MRI (Ranque 

et al, 2009) or muscle biopsies (Medsger et al, 1968; Clem-

ents et al, 1978; Ranque et al, 2009).

MRI
In inflammatory myopathies such as polymyositis or 

dermatomyositis, MRI is often used to confirm the diag-

nosis and to identify suitable biopsy sites. However, there 

are few reports in the literature of MRI being used to assess 

myopathy in SSc. In two studies, the majority of patients 

(67% and 88%, respectively) who underwent MRI showed 

inflammation of the proximal muscles, with muscle atrophy 

and fatty infiltration in approximately one-third (Ranque 

et al, 2009; Paik et al, 2015). In another study, whole-body 

MRI was performed in 18 patients with SSc with musculo-

skeletal complaints. Interestingly, 14 (78%) of 18 patients 

showed muscle oedema and hyperaemia, again predomi-

nantly in the lower extremities, but also of the torso and the 

pelvic region. The muscle pathology on MRI significantly 

correlated with muscle weakness (Schanz et  al, 2013). In 

the past few years new imaging methods for the assess-

ment of myopathies have become available (Walker, 2008), 

including contrast-enhanced muscle ultrasound to differ-

entiate atrophic from inflamed muscles and specialised MR 

techniques, such as phosphorus magnetic resonance spec-

troscopy to quantify metabolic abnormalities, and imaging 

dependent on blood oxygenation level to evaluate the 

microcirculation (Partovi et al, 2012, 2013).

Muscle biopsy
In studies of SSc-associated myopathy, pathological muscle 

biopsies were reported in approximately 39% (Medsger et al, 

1968) to >90% of analysed patients (Thompson et al, 1969; 

West et  al, 1981). Histological findings were found to be 

heterogeneous and included mononuclear inflammation, 

fibrosis, microangiopathy, atrophy, necrosis and variable 

degrees of regeneration (Medsger et  al, 1968; Thompson 

et al, 1969; West et al, 1981; Ranque et al, 2009, Bhansing 

et  al, 2014, Paik et  al, 2015). In the studies by Clements 

et al (1978) and West et al (1981), the histological findings 

in subsets of patients were indistinguishable from those 

for patients with polymyositis/dermatomyositis (Aver-

buch-Heller et  al, 1992; Hietaharju et  al, 1993). This has 

also been reported for patients with scleroderma–myositis 

overlap syndromes (Mimori, 1987). In a study by Ranque 

et  al (2009), overexpression of major histocompatibility 

complex I, complement deposits on vascular walls with a 

predominance of CD4 T cells similar to dermatomyositis or 

the absence of complement deposits with a predominance 

of CD8 cells as in polymyositis, were observed. So far, the 

histological findings in SSc-associated myopathy have been 

considered as non-specific. This has since been challenged 

by Bhansing et al (2014), who found that in their cohort the 

increase of necrotising muscle fibres distinguished patients 

with scleroderma–myositis overlap from patients with 

polymyositis. Of note, adding to the complex pathology of 

myopathy in SSc, a recent study showed histopathological 

changes, indicating an acute neurogenic atrophy on muscle 
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biopsy in 48% of patients with SSc with confirmed muscle 

weakness (Paik et al, 2015).

Treatment responses and outcome
There are no treatment recommendations for SSc-associated 

myopathy. In general, patients with inflammatory myop-

athy, as assessed by CK elevation >2 upper limit of normal, 

MRI, or biopsy-proven inflammation, are treated with 

varying doses of corticosteroids (Clements et al, 1978; West 

et  al, 1981; Ranque et  al, 2009), with or without immuno-

suppressive drugs such as methotrexate (Averbuch-Heller 

et  al, 1992; Hietaharju et  al, 1993; Bosello et  al, 2010). In 

patients with normal or mildly elevated CK levels and 

absence of inflammation on MRI or biopsy, myopathy often 

remains untreated (Clements et al, 1978; West et al, 1981). 

In patients with SSc unselected for myopathy, treatment with 

D-penicillamine (Clements et al, 1999a) or oral cyclophos-

phamide (Au et al, 2010; Bosello et al, 2010) had no impact 

on muscle involvement. Ranque et al (2009) have shown that 

corticosteroid therapy is not associated with any bioclin-

ical parameter in multivariate analysis. Only biopsy-proven 

myopathological inflammation was strongly associated with 

a favourable response, which is in accordance with previous 

Summary points

•	 Clinical symptoms most often comprise muscle pain and weakness, the latter often being under-

estimated by patients. Therapeutic approaches are similar to those in inflammatory myopathies.

•	 Diagnostic procedures include laboratory testing of muscle enzymes and their respective auto-

antibodies, manual muscle strength testing (MMT), EMG, MRI and muscle biopsy. Diagnostic 

criteria should be developed to determine the prevalence of muscle involvement in SSc.

•	 Muscle weakness due to other disease symptoms, such as joint involvement, skin contractures or 

fatigue, should be distinguished from primary myopathy using additional diagnostic tools.

•	 Elevated muscle enzymes are not a useful diagnostic parameter in SSc as creatine kinase (CK) 

levels may be normal. However, diagnostic sensitivity can be increased by combining measure-

ments of both CK and aldolase levels.

•	 Anti-U1-RNP, anti-U3-RNP, anti-Scl70, anti-PM-Scl, anti-Ku, anti-Jo, anti-RuvBL1/2 are associated 

with myopathy in SSc and scleroderma–myositis overlap syndromes. MMT is a well-established 

diagnostic tool in inflammatory myopathies, but has not yet been shown to be reliable and sensi-

tive for assessing muscle strength in SSc.

•	 EMG is probably the most reliable and sensitive diagnostic tool to detect SSc-associated myopathy.

•	 Future studies should determine whether MRI and/or muscle biopsy are useful or required to 

establish a diagnosis of myopathy in SSc.

•	 To date, there are no treatment recommendations for SSc-associated myopathy. In general, 

patients with inflammatory myopathy are treated with corticosteroids with or without immuno-

suppressive drugs such as methotrexate, whereas myopathy with normal or mildly elevated CK 

levels and absence of inflammation on MRI or biopsy often remains untreated.

•	 Treatment of myositis with high-dose corticosteroids warrants tight clinical control in cases of 

scleroderma renal crisis and thus should probably be considered only in severe biopsy-proven 

myositis; in less severe cases, low-dose corticosteroids may be sufficient.

•	 Since 26% of SScrelated mortality is attributed to cardiac causes and since myopathy in SSc may 

be associated with heart disease, all patients should be closely monitored because of latestage 

complications.
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studies (Clements et al, 1978; West et al, 1981). In a study by 

Bosello et al (2010), patients with diffuse SSc and progressive 

skin disease despite treatment with oral cyclophosphamide 

were treated with rituximab. In one patient, who additionally 

had severe myositis which did not respond to the combina-

tion of cyclophosphamide and methotrexate, treatment with 

rituximab improved clinical symptoms and led to a normali-

sation of CK levels. A EUSTAR study reported a trend towards 

improved treatment of refractory myopathy with abatacept. 

However, these results did not reach significance, possibly 

owing to the small number of patients (Elhai et  al, 2013). 

Patients with scleroderma–myositis overlap syndromes, 

who often present with more severe muscle involvement, 

are usually treated similarly, with a good response to corti-

costeroids in 89–100% (Clements et  al, 1978; West et  al, 

1981; Troyanov et  al, 2005; Ranque et  al, 2009). Troyanov 

et al (2005) evaluated the probable course of myositis after 

initial adequate corticosteroid treatment. They used new 

clinicoserological classification criteria for inflammatory 

myopathies and myositis overlap syndromes, and found 

that the presence of anti-Jo, anti-SRP or anti-nucleoporin 

antibodies suggested chronic myositis (failure to respond 

to glucocorticoid treatment, recurrence during tapering), 

whereas positivity for anti-U1-RNP, anti-PM-Scl or anti-Ku 

indicated monophasic myositis (sustained response to corti-

costeroids even after tapering of the prednisone dose to <5 

mg/day for at least 1 year). Thus, they recommended that 

overlap patients with antibodies to U1-RNP, PM-Scl or Ku 

should be treated with corticosteroids only, whereas for 

overlap patients with antibodies to Jo-1, nucleoporins or SRP, 

a concurrent immunosuppressive agent such as methotrexate 

should be considered. In patients with SSc, however, treat-

ment of myositis with high doses of corticosteroids warrants 

tight clinical control because of the risk of scleroderma renal 

crisis and thus should probably be considered only for cases 

with severe biopsy-proven myositis (Ranque et al, 2009); in 

patients with less severe disease, low-dose corticosteroids 

might be sufficient.

Two cohort studies examining the outcome of patients 

with SSc-associated myopathy or scleroderma–myositis 

overlap syndrome suggested that survival was decreased 

in patients with muscle involvement, but in a multivariate 

analysis, myopathy was not confirmed as an independent 

predictor (Tyndall et  al, 2010). However, inflammatory 

myopathy in those patients was associated with cardiac 

disease (West et al, 1981; Allanore et al, 2010), and 26% of 

SSc-related mortality has recently been attributed to cardiac 

causes. Although myocarditis has been found to respond to 

corticosteroid and immunosuppressive therapy (West et al, 

1981; Pieroni et al, 2014), patients have to be closely moni-

tored owing to the risk of late-stage complications.
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Introduction
In systemic sclerosis (SSc), the hands and fingers are mark-

edly affected by the disease (Poole, 1994). SSc evolves 

through three consecutive phases during which the hands 

are differently affected.

In the early oedematous phase, oedema of the fingers 

(puffy fingers) and hands occurs, often associated with, or 

preceded by, Raynaud’s phenomenon (RP). In this stage, 

arthralgia involving the finger joints is frequently present. 

Oedema limits the range of motion of the metacarpo-

phalangeal (MCP) and proximal interphalangeal (PIP) 

joints, and arthralgia and RP, which can cause digital ulcers 

(DUs) even in the early phases of the disease, may contribute 

to pain and impaired hand function (Maddali Bongi et al, 

2011a). Tendon friction rubs can also be present in this early 

phase (Khanna et al, 2010).

During the sclerotic phase, oedema is replaced with scle-

rosis. Skin is thickened, indurated and bound to subcutaneous 

tissue. In the hands, these findings are often seen on the 

fingers (sclerodactyly) and lead to reduced MCP flexion and, 

consequently, reduced extension of the PIP and distal inter-

phalangeal (DIP) joints, and to thumb adduction and flexion. 

These changes, together with impaired flexion/extension of 

the wrist, result in the typical claw-like deformity of SSc (Entin 

and Wilkinson, 1973; Palmer et al, 1981). In this phase, DUs 

involving the fingertips and the extensor surface of MCP joints 

may be present, contributing to pain and disability.

In the later atrophic phase, skin thickening is followed by 

atrophy, and the claw-like deformity worsens. Wrist move-

ments are further impaired, with problems also in pronation 

and supination. DUs and their complications (such as infec-

tion and auto-amputation) may cause pain and impair hand 

function.

Causes of hand function impairment 
in SSc
Hand disability in patients with SSc is the consequence 

of a combination of skin, subcutaneous tissue, microvas-

cular, and musculoskeletal and peripheral nervous system 

involvement (Bandinelli et al, 2010). The resulting changes, 

which can be present in all three phases of the disease, lead 

to hand deformities and pain and are responsible for altered 

hand function. 

29 Hand function in systemic 
sclerosis
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Learning objectives

•	 To know and identify the causes of hand impairment in patients with systemic sclerosis (SSc).

•	 To evaluate hand function in SSc.

•	 To improve hand function in SSc.
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Skin
SSc is characterised by thickening of the skin, a process 

which varies throughout the disease course. In the early 

phase, skin thickness is caused by increased collagen 

and intercellular matrix formation in the dermis, and by 

oedema, due to microvascular injury, inflammation and 

changes in lymphatic circulation. In the following sclerotic 

phase, in addition to thickening, the skin also becomes 

shiny, hard, hidebound and adherent to subcutaneous 

tissues, especially at the fingers (sclerodactyly). In the later 

atrophic phase, the skin becomes thin, atrophic and tightly 

tethered to the underlying tissue (Czirják et  al, 2008). In 

particular, data from the European Scleroderma Observa-

tional Study (ESOS) showed that hand disability (especially 

for gripping) and functionality were significantly impaired 

in patients with early diffuse SSc, and the increase of global 

disability was strongly associated with decreasing hand 

function (Peytrignet et al, 2018).

Subcutaneous tissues
SSc is characterised by progressive thickening of subcuta-

neous tissues. Resorption of subcutaneous tissue, usually at 

the fingertips, and calcifications (calcinosis) may also occur.

Calcifications are frequent, especially over the palmar 

aspect of the fingertips (present in 10–30% of cases) 

(Czirják et  al, 2008), where extrusion of calcinosis, 

consisting of calcium hydroxyapatite deposits, through the 

skin may occur. Calcinosis occurs more often in patients 

with limited cutaneous SSc (lSSc), formerly known as 

CREST syndrome (C, calcinosis; R, Raynaud’s phenom-

enon; E, oesophageal involvement; S, sclerodactyly; T, 

telangiectasia). Recent studies support the vascular nature 

of calcinosis (more than an alteration in the calcium phos-

phate metabolism). This is also supported by evidence 

showing associations between calcinosis and advanced 

stages of microvascular changes on nailfold videocapil-

laroscopy (Morardet et al, 2016). 

Joint and periarticular involvement
During the course of SSc, 46–97% of patients develop joint 

and/or periarticular involvement, which is the presenting 

manifestation in 12–65% of patients (Tuffanelli and 

Winkelmann, 1961; Baron et al, 1982; Erre et al, 2008). The 

most noticeable hand involvement in SSc is flexion contrac-

tures, which may evolve painlessly to claw-type deformities. 

These changes, which may be minimal or involve several 

phalanges (Ashida et  al, 2007), are caused by a lack of 

vascular supply and thickening and loss of elasticity of the 

skin, subcutaneous tissues and periarticular and articular 

tissues, and/or by tethering of the skin to subcutaneous 

tissue.

A reduction in, or absence of, MCP flexion, PIP and/or 

DIP extension, and adduction and flexion of the thumb, and 

impairment of flexion/extension of the wrist may severely 

impair hand mobility and function (Entin and Wilkinson, 

1973; Palmer et al, 1981). 

Arthralgia and arthritis are detected in 66% and 61% 

of patients with SSc, respectively (Baron et  al, 1982). 

Arthralgia sometimes begins from the early oedematous 

phase (Misra et al, 1995; Pope, 2003), and arthritis, occur-

ring mostly in the hand, in particular at the MCP, PIP and 

wrist joints, may have an oligo-polyarticular pattern with 

acute or subacute involvement and an intermittent or 

chronic remitting course (Misra et  al, 1995; Pope, 2003). 

Sometimes, a symmetrical polyarthritis, similar to rheu-

matoid arthritis (RA), may be present. Erosive arthropathy 

occurs in 20–30% of such patients, especially at the wrist 

(Catoggio et al, 1983).

Bone involvement
Bone involvement is characterised by distal phalangeal 

resorption (acro-osteolysis) that begins at the tuft and 

may lead to ‘pencil-in-cup’ deformity or sharpening of 

the phalanx. In severe cases, the distal phalanx can be 

partially or totally destroyed, resulting in reduced finger 

length (Boutry et  al, 2007). A recent paper demonstrated 

an association between acro-osteolysis and a late nailfold 

videocapillaroscopy pattern, especially for both reduced 

number of capillaries and the presence of neoangiogenesis, 

supporting the hypothesis that impaired blood flow might 

drive bone resorption and, consequently, that vascular 

recovery may occur to try to compensate for it (Morardet 

et al, 2016).

Bone avascular necrosis of the lunate bone (primary 

known as Kienböck disease) was also reported in a recent 

case series of patients with SSc. This study hypothesised 

that vascular hypoxic pathogenesis linked to involvement 

of the ulnar arteries occurred rather than the coexistence 

of both rare primary diseases at the same time (Frerix et al, 

2016; Bruni et al, 2017).

Tendon involvement
Tendon involvement is often present, limiting hand move-

ment and contributing to manual disability.
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Tendon friction rubs, described as ‘leathery crepitus’ on 

palpation during active and/or passive flexion (Rodnan and 

Medsger, 1968) are found in the hands and fingers. These 

are due to oedema and thickening and fibrosis of the tendon 

sheaths (Jimenez and Derk, 2004) and are regarded as early 

signs of diffuse cutaneous SSc (dSSc) and/or an indication 

of severe disease.

Tendon fibrosis, occurring in the fibrotic and atrophic 

phases of the disease, can cause a cracking noise during 

joint movement, and contributes to flexion contractures of 

the hands and, sometimes, to tendon rupture.

Muscle involvement
Although hand muscles are rarely affected by myositis, the 

weakness and limitation of movement caused by upper 

limb muscle involvement may affect overall function of the 

upper limbs and the functionality of the hands and wrists. 

Moreover, the fibrosis and atrophy of other tissues may 

also affect the muscles of the hand, leading to disuse myop-

athy. Fibrotic changes may also occur in the intrinsic and 

extrinsic muscles of the hand.

Vascular involvement 
Vascular involvement in the hands leads to RP and local isch-

aemia and results in DUs and pitting scars at the fingertips. 

RP occurs in more than 90% of patients with SSc and 

indeed may be the presenting feature of SSc (Block and 

Sequeira, 2001). It manifests as recurrent and episodic colour 

changes, especially of the fingers but also of the toes, nose 

and ears, which turn white (ischaemia), then blue (cyanosis) 

and finally, red (reperfusion). Clinically, the ischaemic and/

or cyanotic phases are associated with coldness and numb-

ness, and the reperfusion phase with pain and tingling.

DUs are a frequent and major clinical problem in SSc, 

affecting almost half of patients (Pope and Bellamy, 1995). 

They may appear early in the disease course, the first DU 

occurring in 43% of cases within 1 year (Hachulla et  al, 

2007) after the first non-Raynaud’s symptom (Denton and 

Korn, 2003).

DUs occur on the fingers (or toes); in the majority of 

cases on the fingertips, and sometimes over the extensor 

surface of the MCP joints, on the finger creases or under 

the nails. DUs may also occur as a consequence of calcinosis 

extrusion on the fingertip and, sometimes, from digital 

pitting scars (Amanzi et al, 2010).

DUs presenting as a shallow crater are superficial and 

affect only the epidermis. Intermediate ulcers also involve 

subcutaneous tissues as far as the underlying fascia and may 

undermine adjacent tissues, while those extending into the 

fascia may affect muscles and supporting structures, such as 

the tendons, joint capsules and bone (Hachulla et al, 2007).

Fingertip DUs are a consequence of vasculopathy (Steen 

et al, 2009). DUs on the dorsum of the fingers are due to 

epidermal thinning and cutaneous retraction, leading to 

cracks in the skin (Hachulla et al, 2007).

DUs are persistent, difficult to heal and very painful 

and may cause tissue loss and auto-amputation. They are 

frequently infected and, if not treated early, may lead to 

osteomyelitis, gangrene (eventually resulting in amputation 

of the finger) and septicaemia (Nihtyanova et al, 2008).

Patients with DUs have high global (Hachulla et al, 2007; 

Mouthon et al, 2010) and hand disability, reduced hand and 

wrist mobility, and severely impaired quality of life (QoL). 

Recently, data from the DeSScipher study were published, 

in which DUs had a 19 mm magnitude on Visual Analogue 

Scales and were determined as one of the main predictors of 

disability, with a B coefficient of 0.20 in multiple regression 

analysis (Jaeger et al, 2018).

Peripheral nervous system
In SSc, carpal tunnel syndrome is caused by entrapment and 

compression of the median nerve at the wrist by oedem-

atous and fibrotic tissues (Lori et al, 1996). Carpal tunnel 

syndrome may cause pain, paraesthesia and functional 

impairment and lead to muscle atrophy (Casale et al, 1997).

Evaluation of hand function
Several tools have been used to evaluate disability in patients 

with SSc (table 1). The questionnaires dealing with global 

disability due to SSc also take into account self-perceived 

impairment of the upper limbs. Instruments specifically 

assessing upper limb and manual disability have also been 

used in SSc and include tools validated in other conditions 

and not adapted for SSc, tools validated in other conditions 

and adapted for SSc and tools specifically designed for SSc. 

In addition, hand involvement has been assessed by anthro-

pometric measures.

Questionnaires assessing SSc global 
disability
The Health Assessment Questionnaire (HAQ), developed to 

evaluate disability in RA, has been used to assess disability 

in SSc since 1991 (Poole and Steen, 1991). It is organised 
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Table 1 Available/validated instruments measuring hand disability and restrictions on participation in daily activities in systemic sclerosis (SSc).

Authors Number 

of 

patients

Reliability Validity/construct 

validity

Sensitivity 

to change

HAQ Poole et al, 1991 211 Good Good validity NA

Poole et al, 1995 80 Good Good validity NA

Steen and Medsger, 1997 1250 Good validity Acceptable

HAMIS Sandqvist et al, 2000a 30 Good NA

Sandqvist et al, 2000b 45 Good Good validity NA

Maddali Bongi et al, 2009 20 Good

Del Rosso et al, 2010 Good Good validity NA

CHFS Brower and Poole, 2004 40 Good Good validity NA

Rannou et al, 2007 50 Factor analysis 
extracted 2 factors 
that accounted for 
71.63% of the total 
variance: activities 
requiring grip and 
pinch strength, and 
activities requiring 
pinch dexterity

Good construct validity; 
significant correlations 
between CHFS, HAQ and 
HAI scores; 
CHFS scores contribute to 
75% of the HAQ variance

NA

Maddali et al, 2009 20 Good

AHFT Poole et al, 2000 20 Good Good validity NA

DASH Varjú et al, 2008 128/76* Good NA SRM: 0.64

ABILHAND Vanthuyne et al, 2009
 

156 Good Good construct validity; 
significant correlations with 
disease duration, FTP, skin 
score, VAS for Raynaud’s 
phenomenon, disease 
activity score, disease 
severity score and HAQ

NA

FTP Torok et al, 2010 39 Good Good construct validity; 
significant correlations with  
total range of motion of 
fingers. HAMIS, CHFS and 
HAQ components related 
to hand function and upper 
extremity skin score 

NA

Delta FTP Torok et al, 2010 39 Good Good construct validity; 
significant correlations 
between FTP and TAROM, 
HAMIS, CHFS and HAQ 
components related to 
hand function and upper 
extremity skin score 

SRM: 1.07†

ES: 0.51

HAI Roberts-Thomson et al, 
2006

30 Good Good; significant correlation 
with hand strength and 
hand grip evaluated by 
CHFS; HAI accounts for 
25% of the global disability 
(measured by HAQ)

NA

*12 Months of follow-up.
†In 24 patients with early SSc.
AHFT, Arthritis Hand Function Test; CHFS, Cochin Hand Function Scale; DASH, Disabilities of the Arm, Shoulder, and Hand test; ES, effect 
size; FTP, finger to palm; HAI, Hand Anatomic Index; HAMIS, Hand Mobility in Scleroderma test; HAQ, Health Assessment Questionnaire; 
NA, not assessed; SRM, standardised response mean; TAROM, total active range of motion of the fingers; VAS, Visual Analogue Scale.
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into 20 items divided into eight categories: dressing and 

grooming, rising, eating, walking, personal hygiene, 

reaching, gripping and other activities, and includes ques-

tions assessing fine movements of the hands, locomotor 

activities of the lower extremities and activities involving 

both the upper and lower extremities.

In order to measure specific SSc symptoms, the HAQ was 

supplemented with five Visual Analogue Scales, which the 

patient uses to self-assess the effect of RP, DUs, gastrointes-

tinal symptoms, pulmonary symptoms and overall disease 

severity on daily activities (S-HAQ) (Steen and Medsger, 

1997).

The S-HAQ, although not specifically designed to score 

hand function, also assesses the impact of RP and DUs, and 

thus should be preferred to the HAQ in clinical practice 

to evaluate hand symptoms resulting from microvascular 

damage in patients with SSc.

Questionnaires assessing hand disability 
validated in other conditions and not 
adapted to SSc
The Cochin Hand Function Scale (CHFS) is a self-assess-

ment questionnaire that contains 18 items assessing hand 

ability in the kitchen, when dressing, and when performing 

personal hygiene and office tasks, and other general skills. 

Each question is rated from 0 (no difficulty) to 5 (impos-

sible to do), with a total score ranging from 0 to 90. The 

CHFS takes about 3 min to complete, has been developed 

for patients with RA and is reliable and valid in RA (Duruöz 

et al, 1996) and osteoarthritis (Poiraudeau et al, 2001).

The CHFS has good reliability and good construct 

validity in patients with SSc (Brower and Poole, 2004). In a 

study conducted in 50 patients, the CHFS explained 75% of 

the variance of the HAQ (Rannou et al, 2007).

This CHFS questionnaire can evaluate differences 

between patients with or without hand involvement 

(arthralgia, arthritis, flexion contractures and DUs) and 

has a strong correlation with HAQ scores (Ingegnoli et al, 

2008). Moreover, the creation and preliminary validation of 

a shortened six-item version of the CHFS questionnaire has 

been published (Levis et al, 2016).

More recently, the impact of DUs on disability and QoL 

in patients with SSc was assessed using the Short Form (36) 

Health Survey (SF-36), the HAQ, the CHFS and measures 

of global hand and wrist mobility. In this study, one-third 

of 213 patients had at least one DU at the time of evalua-

tion. Patients with DUs had higher HAQ and CHFS scores, 

reduced hand and wrist mobility and greater impairment on 

the mental component of the SF-36 (Mouthon et al, 2010).

Although not specifically created or adapted for SSc, 

the CHFS is useful in the SSc clinical setting. It is easy for 

the patient to understand, is quickly completed and allows 

for the individualisation of patients with joint involvement 

and/or microvascular impairment of the hand. Moreover, 

it showed good sensitivity to change in patients with SSc 

treated with a programme of hand rehabilitation (Maddali 

Bongi et al, 2009).

The Arthritis Hand Function Test (AHFT) is a perfor-

mance-based test examining ability to use the hands during 

daily life tasks, tested in RA and osteoarthritis. It consists of 

11 items assessing grip and pinch strength, dexterity, applied 

dexterity and applied strength and can be completed in 20 

min (Backman and Mackie, 1997). The AHFT, not specifi-

cally developed for SSc, was shown to be reliable and valid 

in 20 patients with SSc (Poole et al, 2000).

The Disabilities of the Arm, Shoulder, and Hand (DASH) 

questionnaire is a 30-item, self-report tool designed to 

measure physical function and symptoms in patients with 

musculoskeletal disorders of the upper limbs, and is usually 

completed in about 6 min. The Quick DASH is a shorter 

version containing 11 items. The strong correlations of 

both questionnaires with the HAQ and the physical compo-

nent score of the SF-36 showed that in 128 patients with 

SSc, disability is mainly caused by functional impairment 

of the upper limbs. Since both questionnaires have good 

reproducibility, internal consistency and validity, the Quick 

DASH may be used in daily clinical practice to assess upper 

limb function and joint damage in patients with SSc (Varjú 

et al, 2008).

Questionnaires assessing hand disability 
validated in other conditions, adapted 
to SSc
The ABILHAND questionnaire, developed using the Rasch 

model (Penta et  al, 1998) and validated in patients with 

chronic stroke and RA, and in children with cerebral palsy, 

allows the selection and hierarchical ordering of manual 

activities that individuals with different diseases find diffi-

cult to perform. First, patients with SSc self-administered a 

complete version of the questionnaire covering 81 manual 

daily activities and were asked about their perceived diffi-

culty in carrying out each activity on a three-level scale: 

impossible, difficult or easy to perform. Twenty-six of the 

original 81 items were then selected and used in a reliable, 

valid, reproducible, linear and unidimensional tool, to be 

completed in a few minutes, for assessing and following up 

the manual ability of patients with SSc. Manual ability was 

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



EULAR Textbook on Systemic Sclerosis     

326

significantly worse in patients with SSc with more severe 

disease, and negatively correlated with HAQ score. Thus, 

the ABILHAND questionnaire is a useful and promising 

tool for following up hand impairment and for assessing 

treatment efficacy in SSc (Vanthuyne et al, 2009).

Questionnaires assessing hand disability 
specific for SSc
The Hand Mobility in Scleroderma (HAMIS) test is a 

performance-based test specifically created for SSc and 

was found to be a reliable and valid tool to assess hand 

function in 45 patients with SSc (Sandqvist and Eklund, 

2000a, 2000b). It consists of nine items which assess 

finger flexion, extension and abduction in both hands, 

abduction of the thumbs, dorsal extension and flexion 

of the wrists, pronation and supination of the forearms, 

and pincer grasp using the thumb and forefinger. Perfor-

mance is assessed using different-sized grips and different 

movements, all related to tools and movements used in 

daily life; standardised cylinders are used to assess finger 

flexion, finger extension and thumb abduction. Each exer-

cise is graded on a 0–3 scale, from 0 (normal function) 

to 3 (inability to perform the task), with a total possible 

score of 27 for each hand. The test takes around 10 min 

to complete. 

HAMIS has good internal consistency, intraobserver and 

interobserver agreement and concurrent validity compared 

with a range of motion and skin score and can discriminate 

between healthy individuals and patients with SSc.

The HAMIS scores of both hands are related to the CHFS, 

finger to palm (FTP) distance, hand opening and the HAQ. 

HAMIS scores are higher in patients with dSSc than in those 

with lSSc and the test can identify the extent of joint involve-

ment, as higher scores are measured in patients with hand 

arthritis and flexion contractures than in those without these 

symptoms (Del Rosso et al, 2010); Recently, it was also found 

to influence and determine the value of the Physical Index of 

the SF-36 QoL questionnaire (Maddali Bongi, 2015).

HAMIS is sensitive to change and allows changes in 

hand mobility over time to be followed up (Sandqvist et al, 

2009) and the effects of hand rehabilitation programmes to 

be evaluated. In 43 patients with early SSc assessed for hand 

involvement and activities of daily living in a longitudinal 

study, HAMIS was the most sensitive tool in evaluating 

changes in hand mobility. Moreover, HAMIS was able to 

assess improvement in manual function in 20 patients with 

SSc treated with a specific programme of hand rehabilita-

tion (Mouthon et al, 2010).

Anthropometric measures
The FTP distance, sometimes referred to as fist closure, is 

the distance in millimetres from the tip of the third finger 

to the distal palmar crease in maximal active flexion at all 

three finger joints: the MCP, PIP and DIP.

The delta FTP measure combines both finger joint 

flexion and extension and is calculated as the difference 

in the distance between the third fingertip and the distal 

palmar crease with fingers in full extension minus the 

distance with fingers in full flexion (FTP).

In a study of 39 patients with SSc (Torok et al, 2010), 

both measures showed excellent intrarater and inter-rater 

reliability and good reliability, concurrent criterion and 

convergent construct validity, making them relatively 

valid outcome measures. However, the delta FTP out -

performed the FTP in all evaluations and, in 24 patients 

with early SSc, also showed good sensitivity to change 

(Torok et al, 2010).

The hand anatomic index (HAI) is a quantitative measure 

of hand deformity, defined as open hand span minus closed 

hand span/lateral height of the hand. This index was eval-

uated in 30 patients with SSc and was confirmed as reliable 

for identifying patients with increasing hand deformity and 

for identifying patients with dSSc and lSSc. The HAI has 

good concurrent validity, correlated significantly with hand 

strength assessed using an adapted sphygmomanometer, 

and with hand grip evaluated using a pinch meter and the 

CHFS (Roberts-Thomson et al, 2007) It accounted for 25% 

of global disability (as measured by the HAQ). Thus, in SSc, 

the HAI is a reliable and objective measure, reflecting vari-

able degrees of hand deformity and functional impairment 

(Roberts-Thomson et al, 2006).

In SSc, hand involvement is often severe and leads to 

major disability. Thus, tests evaluating hand disability are 

important so that a complete assessment of patients can be 

carried out.

A questionnaire such as the CHFS, which is self-admin-

istered, quickly completed, easy to score and sensitive to 

change, could be used, together with the HAQ, both in the 

busy clinical setting and in clinical trials. It could be accom-

panied by the HAMIS test, a performance-based evaluation, 

especially to assess the efficacy of physiotherapy.

Improving hand function in SSc
Hand function can be improved in many ways in patients 

with SSc. However, details are not provided here since this 

topic is covered elsewhere in this course (chapter 34).
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Patient education
Patient education is very important (Frances et  al, 2008). 

Patients should be advised to reduce exposure to cold by 

wearing long, warm clothes and gloves or mittens. Cold 

exposure in the course of employment should also be 

avoided. In addition, patients should be informed that 

some drugs may worsen RP, such as β-blockers (including 

collyrium), local or general nasal decongestants (pseudo-

ephedrine, phenylephrine and phenylpropanolamine) and 

drugs for migraine (particularly dihydroergotamine and 

ergotamine), hyperprolactinaemia (bromocriptine, caber-

goline and lisuride) and Parkinson’s disease (pergolide). 

Other vasoconstrictive agents must be avoided, mainly 

tobacco but also cannabis and cocaine. Finally, patients with 

SSc should avoid hand injury and repeated microtrauma, 

particularly at work.

Treatment of RP
Treatment of RP and its complications is important. Thus, 

in addition to prophylactic measures, calcium channel 

blockers (CCBs) should be used to decrease the frequency 

and severity of RP attacks (Thompson et  al, 2001). CCBs 

also probably reduce the risk of DUs, although this has 

not yet been demonstrated. In a prospective randomised 

trial conducted in 57 patients with SSc, modified-release 

sildenafil was well tolerated and reduced the frequency of 

attacks in patients with RP secondary to lSSc (Herrick et al, 

2011). Finally, it has been shown that intravenous prosta-

cyclin may improve RP in patients with SSc (Wigley et al, 

1992), although there is no reported evidence that iloprost 

prevents DUs. Thus, there are differing views among clini-

cians about the use of iloprost, particularly the duration and 

frequency of infusions.

Treatment of DUs
Treatment of DUs is essential as they are a major cause of 

hand disability. Prophylactic measures, in addition to those 

described above for RP, are important. Despite the lack 

of a proven preventive role against DUs, CCBs should be 

prescribed for all patients with SSc, since the absence of 

CCB treatment is a major risk factor for DUs. Although 

there is no reported evidence supporting the use of iloprost, 

this drug is used for DU prophylaxis. In addition, two 

prospective randomised studies demonstrated the efficacy 

of bosentan in preventing DUs in SSc (Korn et  al, 2004; 

Matucci-Cerinic et al, 2011), while ambrisentan also seems 

promising (Parisi et  al, 2013). The effect on DU preven-

tion of bosentan has also shown a reduction in disability, 

hand functionality and pain (Mouthon et al, 2017). Finally, 

a single prospective randomised study provided evidence 

that atorvastatin prevented the onset of new DUs in patients 

with SSc (Abou-Raya et al, 2008).

Local and systemic treatment of DUs is important. 

Local treatment consists of keeping wounds clean, using 

analgesics and application of adhesive wound dressings 

(depending on scarring stage) and, depending on the DU 

characteristics, hydrocolloids (allowing healing in damp 

conditions, occlusive or semiocclusive), hydrocellular 

agents (allowing adsorption), polyurethane films (non- 

absorbent, sizeable) and eventually, topical antibacterial 

agents, if indicated. Antibiotics may be necessary if DU 

infection occurs. Although of no proven efficacy (Wigley 

et al, 1994), intravenous prostanoids (in particular, iloprost) 

should be considered for the treatment of active DUs in 

patients with SSc. Finally, sildenafil may accelerate DU 

healing in an open series and might reduce the occurrence 

of new digital infarcts or ulcers (Hachulla et al, 2016). 

Treatment of skin and musculoskeletal 
involvement
Regenerative medicine is considered a new frontier in SSc 

treatment. An open-label, single-arm study showed prom-

ising results for adipose-tissue derived cells in both mouth 

and fingers, with significant improvement in hand disability, 

pain, finger oedema, RP and QoL (Granel et al, 2015). 

Arthralgia, arthritis, tenosynovitis and myositis require 

specific treatment (Wigley et al, 1994). Arthralgia and teno-

synovitis may need non-steroidal anti-inflammatory drugs 

(NSAIDs), rarely corticosteroids. Polyarthritis responsible 

for morning stiffness and hand function impairment can also 

be treated with NSAIDs. If these are not effective, low-dose 

corticosticosteroids, usually <10 mg/day, may be used, 

supplemented with methotrexate 0.3 mg/kg if necessary 

(Wigley et al, 1994). In cases of failure or intolerance, lefluno-

mide can be used instead. Tumour necrosis factor α blockers 

are not recommended in this setting as they may promote or 

worsen interstitial lung disease. Recently, promising results 

for tocilizumab use in SSc were reported for the reduction 

of skin fibrosis, thus ameliorating range of motion of most 

joints, except ankles (Shima et al, 2015). Finally, myositis may 

necessitate highdose corticosteroids (Ranque et al, 2007).

Apart from corticosteroids, drugs with efficacy for 

arthralgia, arthritis, tenosynovitis and myositis are not effec

tive for oedema of the fingers or flexion contractures/claw 

hands, and these manifestations may need rehabilitation 

therapy. A recent pilot study showed the beneficial effect of 

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



EULAR Textbook on Systemic Sclerosis     

328

Table 2 Summary of studies on rehabilitation techniques in systemic sclerosis focusing on the hands.

Type of 

rehabilitation 

intervention

Authors Description of intervention Summary of findings

Hand range of 
motion exercises

Mugii et al, 
2006

Stretching exercises for joints of the 
hand

Total passive joint motion improved at 1 month 
after the intervention and improved further or was 
maintained at 1 year

Paraffin wax 
treatment and 
hand range of 
motion exercises

Askew et al, 
1983

Combination of paraffin wax, 
friction massage and range of motion 
in one session

Joint motion, skin compliance and hand function 
improved more in the intervention group

Pils et al, 1991 After 12 paraffin wax treatment 
sessions, treatment was continued for 
3 months in an intervention group 
but discontinued in the control 
group

Joint motion increased, and skin stiffness decreased 
in both groups. However, improvements were 
maintained after 3 months in the intervention, but 
not in the control, group

Sandqvist et al, 
2004

Paraffin wax and hand exercises once 
a day for one hand; the other hand 
served as the control

In the hands receiving the intervention, finger 
flexion and extension, thumb abduction, wrist 
flexion and perceived skin thickness and elasticity 
significantly improved compared with baseline 

Mancuso and 
Poole, 2009

Paraffin wax and hand exercises 5 
days/week

Grip and pinch strength and hand function 
improved in all 3 participants, while total active 
joint motion increased in 2/3 participants

Hand massage and 
joint manipulation

Maddali Bongi 
et al, 2009

Combination of connective tissue 
massage and McMennell joint 
manipulation and home range of 
motion exercises

Fist closure, joint motion (HAMIS), hand function 
and QoL improved significantly, while fist closure 
improved significantly only in the control group

Manual lymph 
drainage

Maddali Bongi 
et al, 2011a

Manual lymph drainage once a week 
for 5 weeks

In patients with oedematous hands, there was a 
reduction in hand volume, perception of hand 
oedema and pain and their interference with daily 
activities, and an improvement in hand function 
(HAMIS), HAQ and SF-36 scores

Splints Seeger and 
Furst, 1987

Dorsal splint with dynamic PIP 
extension outrigger worn 8 h/day for 
2 months

The joint range of motion of the PIP joint did not 
improve significantly in either the splinted or the 
non-splinted hand

Overall 
rehabilitation 
consisting of 
specific and global 
techniques

Maddali Bongi 
et al, 2011b

Specific techniques included hand 
and face exercises and connective 
tissue massage. Those with hand 
oedema received manual lymphatic 
drainage. Global techniques included 
respiratory exercises and a land or 
water-based programme

QoL, functional ability, hand mobility and 
function, mouth opening and face mobility were 
all significantly increased at the end of the 9-week 
programme
At the 9-week follow-up, only improvements 
in mouth opening and hand mobility were 
maintained
No improvements were noted in a control group 
who received information about scleroderma only

Schouffoer 
et al, 2011

Multidisciplinary intervention 1 day 
a week consisting of group sessions 
(general exercise, hand and mouth 
exercises, education), supervised 
home exercises provided by a 
physiotherapist once a week and a 
home-based exercise programme 6 
days a week

Grip strength, mouth opening, distance walked in 
6 min and functional ability significantly increased 
at the end of the 12-week programme compared 
with a control group who received regular 
outpatient care. At 24 weeks, only the improvement 
in mouth opening was maintained

Neuromuscular
taping (NMT)

Parisi et al, 
2017

NMT application and score 
evaluation at baseline, then 1, 3 and 
6 months

Significant difference in Cochin scale, HAMIS, 
pain and finger flexion

HAMIS, Hand Mobility in Scleroderma test; HAQ, Health Assessment Questionnaire; PIP, proximal interphalangeal; QoL, quality of life; 
SF-36, Short Form (36) Health Survey.
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an adipose-derived stromal vascular fraction injected into the 

subcutaneous tissue of each finger, with a significant reduction 

of Cochin score, the severity of RP and disability according to 

the S-HAQ after 1 year from a single treatment. Its effective-

ness as a promising treatment should be further studied in 

placebo-controlled trials (Guillame-Jugnot et al, 2016).

Carpal tunnel syndrome may require local injection of 

corticosteroids and/or surgery when corticosteroids are 

ineffective or there is severe functional impairment.

Surgical removal of the calcinosis responsible for severe 

pain and recurrent DUs and/or infection, may be necessary.

Rehabilitation
Rehabilitation therapies, such as occupational and physical 

therapy, are indicated for patients with SSc to improve joint 

motion, hand function, strength and general conditioning, 

and facilitate participation in daily activities such as self-

care, home management, leisure and work. Patients should 

be referred for treatment early in the disease course as soon 

as hand oedema and decreased joint motion and difficulty 

with daily tasks or work are noticed (table 2).

Techniques to reduce hand oedema should be imple-

mented in early SSc. Compared with an observational 

control group, in patients with oedematous hands, manual 

lymph drainage significantly reduced hand volume, percep-

tion of hand oedema and pain and interference with daily 

activities, and improved hand function as well as overall 

disability and QoL (Maddali Bongi et al, 2011b). 

Recently, neuromuscular taping has also been tested in 

an open-label non-controlled study, in which patients with 

SSc showed significant difference in disability, functionality, 

pain and finger flexion after this technique was used on 

both hands (Parisi et al, 2017).

Range of motion exercises
Because of the type of hand involvement and contractures 

observed in patients with SSc, range of motion exercises for 

the hand emphasise increasing flexion at the MCP joints, 

extension of the PIP joints and flexion and abduction of the 

thumb (Fox et al, 2013). A 1-month programme of stretching 

exercises for individual fingers improved total passive motion 

in each finger together with hand function, with improve-

ments maintained for 12 months (Mugii et al, 2006).

Heat treatments, such as paraffin wax or hot packs, 

may be used before beginning range of motion exercises, 

to reduce pain and increase the elasticity of collagen tissue. 

Several studies have evaluated the effectiveness of hand 

range of motion exercises in conjunction with paraffin wax 

treatments. Two randomised control studies showed that 

paraffin treatments lasting 1 month (Sandqvist et al, 2004) 

and 3 months (Pils et al, 1991) increased hand joint motion 

as well as grip strength. A single session of paraffin wax 

and range of motion exercises also improved joint motion, 

grip and pinch strength and dexterity in the treated group 

compared with a non-treated group (Askew et  al, 1983). 

Splints are used to maintain or increase range of motion, 

particularly in the hand. Dynamic splints, which apply 

a constant force over a period of time to passively stretch 

a joint, were not shown to be effective in maintaining or 

improving extension of the PIP joints in patients with SSc 

and are probably not to be recommended (Seeger and Furst, 

1987).

Summary points

•	 Hand disability in patients with SSc is the consequence of a combination of skin, subcutaneous 

tissue, microvascular, musculoskeletal and peripheral nervous system involvement.

•	 Several tools are used to evaluate disability in patients with SSc: the CHFS, the AHFT, the DASH 

questionnaire, the ABILHAND questionnaire, the HAMIS test, the FTP distance, the delta FTP and 

the HAI.

•	 Hand function can be improved in patients with SSc by patient education, treatment of RP, DUs 

and musculoskeletal involvement, and rehabilitation.

•	 Rehabilitation therapies, such as occupational and physical therapy, are indicated for patients 

with SSc to improve joint motion, hand function, strength and general conditioning, and partic-

ipation in daily activities.

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



EULAR Textbook on Systemic Sclerosis     

330

Connective tissue massage in conjunction with McMennell 

joint manipulation was assessed in a randomised controlled 

trial (Maddali Bongi et  al, 2009). The intervention group 

which received massage, joint manipulation and a home exer-

cise programme, showed significant improvements in fist 

closure, hand function and QoL, compared with a control 

group which received only a home exercise programme.

Self-management programmes
Management of a complex chronic disease such as SSc 

requires the patient to become very much involved in treat-

ment and in controlling symptoms. Several disease-specific 

self-management programmes have been developed and 

were offered in a group format to participants who met 

for 3 hours once a week for 4–5 weeks (Samuelson and 

Ahlmen, 2000; Brower and Poole, 2004). Participants 

reported increases in perceived self-efficacy and confidence 

to manage the disease and were satisfied with the course. 

Overall, self-managed hand exercises seem to offer 

benefit to patients with SSc in both disability, functionality, 

strength and range of movement, as also recently confirmed 

(Landim et al, 2017).

Conclusion
Hand function can be damaged in many ways in patients 

with SSc. Vascular, skin, joint, tendon and peripheral nerve 

involvement and calcinosis are all responsible for major 

impairment of hand function in patients with SSc. The easiest 

to use of the outcome measures available are the HAQ and 

CHFS, which are self-assessment questionnaires, although 

the HAMIS test can also be used, particularly to evaluate 

the efficacy of physiotherapy. Patient education, prophylaxis 

and treatment for RP and DUs, and treatment for musculo-

skeletal involvement and arthritis, should be implemented 

to improve hand function. Finally, rehabilitation therapies, 

such as occupational and physical therapy, are indicated for 

patients with SSc presenting with altered hand function.
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Introduction
Chronic diseases often have a relapsing and remitting course 

with substantial impact on function and quality of life. Thus, 

survival itself is no longer perceived to be the only endpoint; 

the goal may also be to improve, restore or preserve quality 

of life. The World Health Organization defines quality of 

life as ‘individuals’ perception of their position in life in 

the context of the culture and value systems in which they 

live and in relation to their goals, expectations, standards 

and concerns’ (The WHOQOL Group, 1995). It is a broad-

ranging concept affected by an individual’s physical health, 

psychological state, level of independence and social rela-

tionships, and their association with salient features of 

their environment (The WHOQOL Group, 1995, 1996). 

Health-related quality of life (HRQoL) is the extent to which 

one’s usual or expected physical, emotional and social well-

being is affected by a medical condition or its treatment 

(Cella and Bonomi, 1995). HRQoL therefore attempts to 

measure quality of life in the context of one’s health and 

illness (Ware and Dewey, 2000).

Generic measure: SF-36
HRQoL measures are further divided into generic, disease-

group and disease-specific measures (figure 1 and table 1) 

(Khanna and Tsevat, 2007). One of the most commonly 

used generic HRQoL instruments (ie, the concepts are 

not specific for any age, disease or treatment group) is the 

Medical Outcomes Short Form-36 (SF-36) (Ware et  al, 

1994). This is a 36-item measure encompassing eight 

domains: physical functioning, social functioning, mental 

health, role limitations due to physical problems, role 

limitations due to emotional problems, vitality (energy and 

30 Quality of life and functional 
disability

Dinesh Khanna

Learning objective

•	 To learn about the quality of life and disability measures used in systemic sclerosis.

Disease-specific measures:

Disease-group measures:

• Scleroderma GI instrument
• CAMPHOR (PAH-specific)

• HAQ-DI for arthritis
• Mahler’s lung Dyspnoea Index

• SF-36, WHOQOL
Generic measures:

Figure 1 Types of health-related quality of life (HRQoL) measures. 

CAMPHOR, Cambridge Pulmonary Hypertension Outcome Review; 

GI, gastrointestinal; HAQ-DI, Health Assessment Questionnaire- 

Disability Index; PAH, pulmonary arterial hypertension; SF-36, Medi-

cal Outcomes Short Form-36; WHOQOL, World Health Organization 

Quality of Life assessment. (Adapted from Khanna and Tsevat, 2007).
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fatigue), bodily pain and general health perceptions. The 

SF-36 domains can be grouped into physical component 

summary (PCS) and mental component summary (MCS) 

scores. The SF-36 scores are normed for the US general 

population, with a mean score of 50 and standard devia-

tion of 10. Patients with systemic sclerosis (SSc) generally 

have low physical health compared with the US general 

population. In clinical trials, SF-36 PCS scores ranged 

from 33.9 to 34.5 (approximately 1.5 SD below that of the 

general population) and MCS scores ranged from 49.6 to 

50.6 (similar to the US population) (Khanna et al, 2005, 

2007a, 2009). The SF-36 scores are similar in the US SSc 

observational cohorts and suggest marked decrements in 

physical domains but relatively preserved mental domains 

(Khanna et  al, 2007b). This indicates either psycholog-

ical adjustment to SSc or poor performance of the MCS 

score in SSc since up to 65% of patients report clinically 

significant depressive symptoms (Thombs et  al, 2007). 

The decrements in physical domains are similar to those 

seen in other inflammatory rheumatic diseases. Another 

generic measure used in SSc is the World Health Organ-

isation Disability Assessment Schedule II (WHODAS II) 

(Hudson et al, 2008).

Patient-Reported Outcomes 
Measurement Information System 
(PROMIS)
The National Institutes of Health Patient-Reported 

Outcomes Measurement Information System (PROMIS) 

roadmap initiative (www.nihpromis.org) is a coopera-

tive research programme designed to develop, evaluate 

and standardise item banks to measure patient-reported 

outcomes across different medical conditions as well as 

the US population. PROMIS has validated instruments 

to assess physical, mental and social health for adults and 

paediatric populations (Khanna et  al, 2011). The instru-

ment can be given as a short form (paper and pencil) or 

using a computer (computerised adaptive tests).

Disease-specific measure: Health 
Assessment Questionnaire-Disability 
Index
By comparison, the most commonly used disease-spe-

cific instrument in SSc is the Health Assessment 

Questionnaire-Disability Index (HAQ-DI), a self-adminis-

tered 20-question instrument that assesses a patient’s level 

of functional ability and includes questions on fine move-

ments of the upper extremities, locomotor activities of the 

lower extremities and activities that involve both the upper 

and lower extremities. The HAQ-DI is scored from 0.0 (no 

functional disability) to 3.0 (marked functional disability), 

where 0.0–1.0 is none-to-mild functional disability, 1.1–2.0 

is moderate functional disability and 2.1–3.0 is severe func-

tional disability (Khanna et al, 2008). Patients with diffuse 

cutaneous SSc generally have greater functional disability 

than those with limited cutaneous SSc (Steen and Medsger, 

1997). Figure 2 shows HAQ-DI scores for patients with 

different arthritides. A HAQ-DI score of ≥1.0 was predic-

tive of mortality at 4 years after diagnosis (OR=3.22) in 

patients with early diffuse SSc participating in a randomised 

controlled trial (Clements et al, 1999). A baseline HAQ-DI 

score of ≥1.0 was also associated with higher skin thickness 

Table 1 Generic versus disease-specific measures.

Clinical uses Advantages Disadvantages

Generic
(eg, SF-36, 
PROMIS)

Inform and monitor outcomes 
following clinical encounters

Monitor population health

Estimate burden of different 
conditions

Use as an end point in clinical 
trials

Useful across diseases and 
populations
Can compare the same metric 
across diseases, levels of health 
and ages

May not be as sensitive as disease-
specific measures
May not give a single HRQoL 
score

Disease-specific
(eg, HAQ-DI)

More sensitive to smaller 
differences and changes over time
Better face validity for the target 
population
Self-administered

Applies to a specific disease or 
condition

HAQ-DI, Health Assessment Questionnaire-Disability Index; HRQoL, health-related quality of life; PROMIS, Patient-Reported Outcomes 
Measurement Information System; SF-36, Medical Outcomes Short Form-36.
Adapted from Khanna and Tsevat (2007).
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scores (≥20), reduced hand mobility, joint tenderness, 

tendon friction rubs and proximal muscle weakness.

The associations between HAQ-DI scores and clinical 

outcomes were confirmed in another observational study 

of 1250 patients followed up at the University of Pittsburgh 

database (Steen and Medsger, 1997). Patients with early 

diffuse disease, joint pain, more extensive skin thickening 

and heart or kidney involvement had significantly higher 

mean HAQ-DI scores than those without these complica-

tions. In addition, in 285 patients with early diffuse SSc, 

the baseline HAQ-DI score was an independent predictor 

of mortality after adjustment for clinical, laboratory, lung 

physiology and serological parameters.

The HAQ-DI is a valuable instrument that takes 3–5 min 

to complete and about 1 min for the physician to score, and 

should be administered in clinical care. Table 2 compares 

the SF-36 with the HAQ-DI in SSc. Other measures of func-

tional disability include the UK Scleroderma Functional 

Score (UKFS) and the McMaster Toronto Arthritis Patient 

Preference Disability Questionnaire.

Hand function
Hand disability is common in SSc and can be evaluated 

using the Cochin Hand Function Scale (CHFS), an 18-item 

instrument that relates hand functionality or disability 

to various tasks in different settings (eg, in the kitchen, 

dressing oneself, hygienic tasks, in the office) (Rannou 

et al, 2007). It has three scales: dexterity, rotational move-

ment and flexibility of the first three fingers. The CHFS 

is sensitive to change as shown in an intervention study 

that implemented connective tissue hand massage and 

home exercises (Bongi et al, 2009) and can be used in clin-

ical practice and in clinical trials. The Hand Mobility in 

Scleroderma (HAMIS) instrument is a nine-item, perfor-

mance-based test designed to examine the effects of SSc on 

hand mobility and hand function and is preferably admin-

istered by an occupational therapist or research physician 

(Sandqvist and Eklund, 2000a, 2000b). The nine items of 

HAMIS assess finger flexion and extension, abduction of 

Diffuse SSc HAQ-DI

Limited SSc

RA RCT

RA observational study

Fibromyalgia

Gout

General pop

0 0.5 1 1.5 2

Figure 2 Health Assessment Questionnaire-Disability Index (HAQ-

DI) scores in the general population and in patients with rheu-

matic disease. Pop, population; RA, rheumatoid arthritis; RCT,  

randomised controlled trial; SSc, systemic sclerosis.

Table 2 Medical Outcomes Short Form-36 (SF-36) versus the 

Health Assessment Questionnaire-Disability Index (HAQ-DI).

Properties SF-36 HAQ-DI

Feasible Yes
(36 items)

Yes
(20 items)

Psychometrically sound Yes Yes

Clinically relevant for arthritis ++ +++

Easy scoring – +++

Summary points

•	 Quality and disability are important concerns for patients with SSc.

•	 Quality of life measures are divided into generic and disease-specific measures.

•	 The SF-36 (the most commonly used generic measure in SSc) and HAQ-DI should be used in all SSc 

clinical trials as they are complementary.

•	 The CHFS should be used in clinical trials of hand therapy.

•	 The Mouth Handicap Systemic Sclerosis scale should be used in clinical trials of face and mouth 

interventions.

•	 The HAQ-DI (the most commonly used disease-specific measure in SSc) is appropriate for both 

clinical trials and clinical care and should be administered in the clinical care of patients as worse 

scores predict more severe disease and poor survival.
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the thumb, pincer grip, finger abduction/swelling, dorsal 

extension and volar flexion of the wrist, and pronation and 

supination. The HAMIS complements the CHFS in studies 

focusing on the hands.

Mouth involvement
The Mouth Handicap in Systemic Sclerosis scale has been 

developed to assess mouth involvement in SSc (Mouthon 

et al, 2007). It is a 12-item scale with acceptable reliability 

and validity. It has three scales that score handicap associ-

ated with reduction in mouth opening, handicap associated 

with sicca syndrome and aesthetic concerns.
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Fatigue

Fatigue is a multidimensional symptom of many different 

disease states, which may or may not be directly related to 

systemic sclerosis (SSc, scleroderma). Chronic fatigue refers 

to symptoms lasting for over 6 months, but does not neces-

sarily indicate the presence of the chronic fatigue syndrome. 

Since fatigue can be multifactorial, with a patient having 

difficulty or inability to initiate and maintain activity owing 

to physical and/or mental challenges of concentration, 

memory and cognition, diagnostic evaluation and manage-

ment may need to be comprehensive. The importance of 

understanding fatigue in SSc is underlined by its effect on 

a patient’s health-related quality of life (HRQoL) (Almeida 

et al, 2015; Kwakkenbos et al, 2015a).

Fatigue affects HRQoL more than any other symptom 

in SSc (Richards et  al, 2003; van Lankveld et  al, 2007). 

Numerous studies have shown that fatigue in SSc is asso-

ciated with work disability, an inability to carry out daily 

activities and limited overall physical functioning, even after 

controlling for potential confounding variables. In a Cana-

dian National Survey, fatigue was reported to be present 

in 89% of 464 patients with SSc and affected the ability to 

carry out daily activities in 72% (Bassel et al, 2011). A Dutch 

study found that fatigue was present in 75% of 123 patients 

with SSc and was reported as one of the most bothersome 

symptoms associated with the disease (Hudson et al, 2009). 

A multinational study of 537 patients with SSc from France 

(n=111), the Netherlands (n=229), Spain (n=61), Switzer-

land (n=50) and the United Kingdom (n=86) showed that 
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Learning objectives

•	 Fatigue is multidimensional with cognitive, physical and emotional aspects.

•	 It is important to assess possible organic and treatable causes of fatigue, such as cardiopulmo-

nary, gastrointestinal, hormonal, pharmacological and lifestyle contributions to fatigue.

•	 Fatigue may be related to pain, poor sleep or symptoms of stress or depression related to SSc.

•	 Pain and discomfort are multifactorial in SSc. Aetiologies can involve the skin, gastrointestinal 

tract, vasculature, joints and muscles.

•	 Having a good approach to pain assessment can help to target and reduce pain contributions in 

each of the pain domains. This often includes education on self-management strategies.

•	 Strategies to manage cold exposure and minimise infection risk can reduce pain and may enhance 

wound healing in SSc.

•	 Good sleep, safe and pleasurable exercise and stress/mood management reduce pain and fatigue.
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≥70% of patients in all countries complained of fatigue 

(Willems et  al, 2014). Thus, international research initia-

tives should target fatigue.

Fatigue in SSc has been compared with cancer-related 

fatigue, which is characterised by feelings of tiredness, 

weakness and lack of energy that is not relieved by rest or 

sleep, and is distinct from the ‘normal’ drowsiness expe-

rienced by healthy individuals. Similar to cancer-related 

fatigue, the fatigue in SSc is considered a consequence of the 

disease itself, and the precise underlying cause is unknown 

(Kwakkenbos et al, 2015b). Questionnaires are commonly 

used in SSc to help discriminate the severity and impact of 

fatigue on a patient’s HRQoL (Harel et al, 2012). 

HRQoL is a subjective, multidimensional concept of 

well-being, including physical, social and psychological 

factors. It is both an important outcome measure and a 

tool to evaluate the efficacy of treatment. In patients with 

SSc the HRQoL measure of fatigue is commonly and most 

comprehensively measured by the Functional Assessment 

of Chronic Illness Therapy-Fatigue (FACIT-F) (Harel et al, 

2012). FACIT-F has been translated into more than 50 

languages and its English, French and Dutch versions can 

be treated as having equivalent scoring metrics (Kwak-

kenbos et  al, 2014). Assessment of FACIT-F at multiple 

time points, before and after targeted treatment, may help 

us best understand how to improve the HRQoL of patients 

with SSc (Maddali Bongi et  al, 2015). When 256 patients 

who were enrolled in the Genetics versus Environment in 

Scleroderma Outcomes Study (GENISOS) had 1090 longi-

tudinal Fatigue Severity Scale (FSS) scores analysed, their 

FSS levels did not show a consistent trend of change during 

the follow-up period in the overall cohort. Of note, time-

in-study was not associated with a decline or increase in the 

sequentially obtained FSS levels (p=0.221) and vital status 

(dead vs alive) was neither predictive of differential levels 

of serially measured FSS scores (p=0.761) nor a predictor 

of change in FSS (p=0.992) (Assassi et al, 2011). The data 

suggest that much work needs to be done to understand 

fatigue in patients with SSc. 

The Scleroderma Patient-centred Intervention Network 

(SPIN) comprises patient representatives, clinicians and 

researchers from Canada, Europe and the USA who aim 

to develop, test and disseminate a set of accessible inter-

ventions designed to complement standard care in order 

to improve evidence-based interventions to study HRQoL 

outcomes, including fatigue (Thombs et al, 2012). The core 

mission of SPIN is to develop and evaluate easily accessible, 

effective, feasible and cost-efficient non-pharmacological 

interventions for patients with SSc. The importance of SPIN 

is highlighted by the fact that owing to a lack of evidence, 

there are no specific recommendations for non-pharma-

cological interventions (eg, behavioural/psychological, 

educational, physical/occupational therapy) to improve 

HRQoL in SSc.

In addition to HRQoL questionnaires, the physician’s 

physical examination is critical in the assessment of fatigue. 

Fatigue in a patient with SSc must be distinguished from 

other SSc manifestations, such as anaemia, dyspnoea, cardiac 

involvement, muscle weakness, dehydration from diar-

rhoea or malnutrition, although these symptoms may also 

be associated with fatigue. Pain, joint involvement, func-

tional impairment and lung involvement must be assessed as 

they are the most important predictors of severe fatigue. A 

thorough medication review for the use of hypnotic agents, 

muscle relaxants, antidepressants, antihistamines and opioids 

is imperative, and mood disorders, such as depression and 

anxiety related to aspects of the SSc diagnosis, should be 

considered. Although the objective of evaluating SSc fatigue 

is to identify a treatable or modifiable cause, patients should 

be made aware that the cause of fatigue remains unidentifi-

able in a significant subset of patients. 

Goals for diagnosis and management should be clearly 

stated at the initial evaluation. These goals may include 

accomplishing the activities of daily living and/or work 

duties, maintaining interpersonal relationships and 

performing some form of daily exercise. To achieve these 

goals, the severity of the fatigue should be assessed. Basic 

questions should ask about the onset (abrupt or gradual), 

duration or pattern, ameliorating or exacerbating factors 

and impact of the fatigue on daily life. The effect of physical 

and mental fatigue on employment must be examined since 

fatigue predicts workplace disability (Malcarne et al, 2013). 

A physical examination, laboratory assessment and 

diagnostic imaging may identify a physical cause of fatigue. 

Musculoskeletal problems, such as myopathy, joint contrac-

tures and arthritis, may limit the ability of patients with SSc 

to exert themselves. Other systemic physical conditions 

seen in SSc that cause dyspnoea, such as anaemia due to 

gastric antral vascular ectasia (GAVE), interstitial lung 

disease, pulmonary arterial hypertension, heart failure or 

malabsorption syndrome, can contribute to fatigue. Thus, 

laboratory tests, such as a complete blood count with differ-

ential, which screens for anaemia and infection; electrolytes, 

glucose, renal and liver function tests; thyroid stimu-

lating hormone; and muscle tests, such as creatine kinase 

or aldolase if pain or muscle weakness is present, may be 
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considered. Skeletal muscle involvement can lead to global 

weakness in SSc (Calore et  al, 1995). Respiratory muscle 

dysfunction, with subsequent fatigue and hypercapnia, has 

been reported (Pugazhenthi et al, 2003). Respiratory infec-

tions are relatively common in immunosuppressed patients 

with SSc and can be responsible for significant morbidity 

and excess mortality (Tyndall et  al, 2010). Thus, when 

patients with SSc and fatigue manifest new pulmonary 

symptoms, both routine and opportunistic lung infections 

should be considered and appropriate diagnostic and thera-

peutic interventions prescribed when indicated. In the 

previously mentioned GENISOS cohort of 256 patients 

with SSc, baseline % carbon monoxide transfer factor 

(TLco) was the only independent variable that significantly 

predicted a change in FSS scores over time (p=0.013), with 

lower TLco levels predicting an increase in FSS over time 

(Assassi et al, 2011). Ancillary use of pulmonary function 

tests, echocardiography or chest imaging may assist in diag-

nosis of changes in pulmonary and cardiovascular function 

when fatigue is present.

Mental causes of fatigue may be more difficult to diag-

nose. However, inquiring about a patient’s mood is always 

appropriate if the patient is complaining of fatigue. A 

trial of antidepressant drugs could be considered for a 

limited period if there are features of depression, regard-

less of whether strict criteria for depression have been met. 

Patients should be advised that antidepressant treatment for 

several weeks is needed before a response can be assessed, 

as immediate response is not expected. Additionally, anti-

depressants may themselves provoke or exacerbate fatigue, 

and should be discontinued if symptoms do not improve 

within 6–8 weeks.

Malnutrition, iron deficiency and gluten sensitivity may 

also contribute to fatigue. Absence of upper gastrointestinal 

symptoms was reported to be associated with less fatigue 

(Strickland et al, 2012), and higher gastrointestinal severity 

scores are associated with more severe fatigue (Assassi et al, 

2011). In a patient with SSc with symptomatic iron defi-

ciency anaemia (weakness, fatigue or dyspnoea), especially 

when the anaemia is refractory to regular treatment, GAVE 

should be suspected (Busteed et al, 2001). Therefore an early 

diagnosis of GAVE depends on a high level of suspicion 

when fatigue and anaemia are present. In the previously 

mentioned GENISOS cohort of 256 patients with SSc, a 

higher Medsger Gastrointestinal Severity Index (p=0.009) 

at enrolment was an independent predictor of a higher 

longitudinal FSS score (Assassi et al, 2011). Thus, a more 

thorough understanding of gastrointestinal symptoms and 

how they affect fatigue is warranted as fatigue and muscle 

ache can regress early after implementation of the appro-

priate dietary intervention (Conti et al, 2015).

Sleep disturbances are common in SSc and are associated 

with worsening dyspnoea, depressed mood and severity of 

reflux symptoms (Frech et al, 2011). A poorer quality of sleep 

is particularly associated with fatigue, and also pain, depres-

sive symptoms and overall functional status in patients with 

SSc (Sariyildiz et al, 2013). Behavioural interventions, such 

as avoiding caffeinated beverages after dinner, emptying the 

bladder just before going to bed, elevating the head of the 

bed to avoid reflux and scheduling naps earlier in the day 

may be helpful for a patient with SSc and sleep difficulties. 

For diagnostic studies, referral for a sleep assessment may be 

indicated if morning headache, daytime somnolence and/

or poor quality of sleep are reported. The Epworth Sleepi-

ness Scale is a validated measure of sleep quality that is easy 

to administer to patients (epworthsleepinessscale.com); 

another simple questionnaire, the STOP BANG (www.

stopbang.ca), is a validated screening tool for assessing the 

likelihood of sleep apnoea. 

Motivation is an important aspect of fatigue manage-

ment. Objective improvements in fatigue have not been 

consistently reported in studies on self-management in 

people with SSc. However, one study did report success with 

a module specifically devoted to the management of fatigue 

and suggestions for energy conservation (Poole et al, 2014). 

In that study a resource, ‘Developing a plan to improve ease 

in performing daily tasks,’ was one of the most frequently 

downloaded sites. More formal behavioural training can be 

employed with cognitive behavioural therapy (CBT), which 

helps an individual build awareness of their fatigue with 

the objective of achieving physical and personal activity 

goals. CBT aims to help the patient attain mental control 

over symptoms. It may be supplemented by graded exer-

cise therapy, which does not deal with cognition, but is 

based on a physiological model of deconditioning. Even in 

patients with lung disease, an 8-week exercise programme 

was largely successful, with improved aerobic capacity and 

muscle endurance (Alexanderson et al, 2014). 

Fatigue is strongly associated with both work ability and 

employment status (Hudson et  al, 2009; Sandqvist et  al, 

2010). In one study, sociodemographic characteristics, 

disease duration or degree of skin and lung involvement was 

not as important as fatigue in placing more than one-third of 

the studied 48 patients outside the labour market (Sandqvist 

et al, 2010). Since work disability is prevalent, occurs early 

and is associated with functional status, further research is 
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needed to identify the potentially modifiable, risk factor of 

fatigue and its effect on employment status in SSc.

In summary, while an approach to fatigue must examine 

the underlying cause, sleep hygiene advice, education 

brochures on exercise, nutrition and possibly, pain manage-

ment may improve symptoms of fatigue (Sandusky et  al, 

2009). Longitudinal assessment of the effect of fatigue on 

HRQoL is important for identifying interventions. 

Pain/discomfort
Pain is a protective mechanism by which the body responds 

to a harmful stimulus. The definition of pain is a subjec-

tive sensory and emotional experience. While pain is 

always an unpleasant sensation, the treating physician 

must remember that it is individual for each patient. Pain 

is influenced both by previous experience of pain and by 

the relationship between the psyche and the body. Since SSc 

is a disease characterised by inflammation with progressive 

multiorgan blood vessel dysfunction (vasculopathy) and 

scarring (fibrosis), different causes of pain in this disease are 

possible within different organ systems; and unfortunately, 

they are neither purposefully accounted for in the literature 

nor are there sufficient protocols for assessment and diverse 

cause-specific treatments in this very complicated illness. 

Furthermore, there is a danger that a diagnosis of fibro-

myalgia may become a ‘catch-all’ for an inability to interpret 

the underlying causes of pain in a patient with SSc; it may 

be that only 2% of patients with SSc have true, primary 

fibromyalgia (Ostuni et al, 2002). Therefore, as SSc special-

ists, it is crucial to be able to assess, isolate and manage the 

individual causes of multifactorial pain in a patient with SSc 

(Jaeger et al, 2017). This holds true for other complex and 

multifactorial symptoms influencing levels of HRQoL and 

physical function (Jaeger et al, 2017).

The process of pain perception is complex. Pain receptors 

are sensitive to mechanical, thermal or chemical stimuli. 

Pain is defined as chronic when it lasts beyond the expected 

healing time or over a 3-month period. The cause of pain 

may also be due to damage perceived by the nervous system 

receptors, but can also occur without damage to tissues, 

although the patient still experiences it (psychogenic pain). 

Thus, the principles of pain management in SSc should take 

into account both the psychogenic and physical aspects of 

pain. As for fatigue, HRQoL assessment is an important 

aspect of pain management. 

The pain due to blood vessel dysfunction in SSc is most 

commonly noticed in the skin and soft tissue. Severe pain 

due to Raynaud’s phenomenon, digital ulceration (DU) and 

calcinosis can occur in patients with SSc. Management of 

this pain is often directed at improving blood flow by dila-

tation of the blood vessels with vasodilator drugs, such as 

calcium channel blockers, and by infection management, if 

present (Giuggioli et al, 2015a; Hughes et al, 2015). Effec-

tive treatment of the pain due to calcinosis requires further 

study, though several different approaches to management 

are under study (Lapner and Goetz, 2014; Giuggioli et al, 

2015b). Raynaud’s disease results in worse digital pain. 

Cold and extremes of changes of temperature can cause 

painful flaring of Raynaud symptoms. It is also more diffi-

cult to reverse pain symptoms once the patient is exposed 

to the full effects of cold. The baseline pain associated 

with DUs can be magnified by underlying infection or by 

performing simple activities of daily living, such as self-care 

or household chores. A cornerstone of treatment in all cases 

is education on keeping digits warm, protecting DUs from 

friction as well as avoidance and recognition of infection. 

Safe strategies that are not well studied but reported by 

patients to diminish pain associated with Raynaud’s disease 

are wearing gloves in anticipation of cold, use of battery -

operated or air-activated hand/foot/pocket warmers and, in 

severe cases, use of glyceryl trinitrate gel or paste on the 

most painful finger tips. A wound care specialist can help 

to guide protective care of DUs; application of lidocaine gel 

or cream around the affected area, though not well studied, 

may be helpful during dressing changes and activities 

expected to cause pain.

A number of general pain management principles 

should be followed in SSc musculoskeletal management. 

Initial treatment should focus on non-pharmacological 

approaches, such as physical therapy and/or a healthy 

gentle home exercise regimen. Inflammatory skin and 

joint disease are also a possible cause of pain in SSc and 

require pharmacological intervention; and should be 

supported by education on the benefit of healthy move-

ment. Pain can occur from inflammation within, or 

scarring around, the joint, which limits joint mobility. 

Management of inflammatory joint or skin disease may 

include immunosuppressant drugs, such as methotrexate, 

whereas their treatment may include occupational therapy 

and exercises. If non-steroidal anti- inflammatory drugs 

(NSAIDs), acetaminophen or narcotics are to be used for 

SSc musculoskeletal pain until response to a more defini-

tive therapeutic modality, then the potential adverse effects 

of these treatments must be examined. Blood pressure, 

gastrointestinal and renal toxicity should be monitored in 
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patients with SSc receiving NSAIDs; and opioid sedation, 

hypogonadism, sleep-disordered breathing and the risk of 

pneumonia in the elderly should be considered (Baldini 

et al, 2012). In particular, narcotic drugs can lead to worse 

pruritis and mucosal dryness and cause further gastro-

intestinal dysmotility. Therefore narcotic agents should be 

used sparingly for SSc pain and should include a bowel 

regimen as 40–45% of patients receiving opiate therapy 

experience constipation, while 25% experience nausea (Els 

et al, 2017). Nerve pain (neuropathy) and itch (suspected 

to be a manifestation of the inflammatory phase) are 

other sources of skin discomfort in SSc (Frech et al, 2013). 

The adequacy of treatments that influence neuropathy 

and itch when pain is reduced in SSc requires further 

research (Frech and Baron, 2013). The influence of mood 

on pain perception should be assessed and a multimodal 

approach to pain is important (Stisi et al, 2014). Concur-

rent (secondary) fibromyalgia for diffuse musculoskeletal 

pain should be considered and managed accordingly, with 

a focus on improving sleep, exercise and mood (Cassisi 

et al, 2014). If reversal of secondary fibromyalgia has not 

been achieved with treatment of the underlying systemic 

disease, or if primary fibromyalgia is present, a step-

wise approach to the management of medication should 

be considered after behavioural interventions and may 

include tricyclic antidepressants (ie, amitriptyline), dual 

uptake inhibitors (ie, duloxetine) or anticonvulsants (ie, 

pregabalin) (Goldenberg et al, 2004; Carville et al, 2008).

The gastrointestinal tract is a source of much discom-

fort to patients with SSc and data on treatment effects and 

effects on pain are limited. The role of vasculopathy and 

fibrosis in mechanical dysfunction and abdominal pain is a 

challenge and requires further study, but it is clear HRQoL 

assessment is an important aspect of gastrointestinal pain 

management (Khanna et al, 2013). Importantly, oral health 

and its effect on HRQoL in SSc should be assessed and can 

be overlooked by treating physicians (Baron et  al, 2015). 

At present, gastrointestinal treatment is often targeted at 

symptoms and primarily, expert opinion guides the pain 

management associated with gastroesophageal reflux, small 

intestine bacterial overgrowth and constipation (McMahan 

and Hummers, 2013; Nagaraja et al, 2015).

The heart and lungs are other organs affected in SSc 

and contribute significantly to morbidity and mortality. 

However, the part played by vasculopathy and fibrosis in 

these organs and their contribution to pain in patients 

with SSc is less clear. The role of heart and lung treatments 

which improve quality of life, such as individualised reha-

bilitation programmes on pain perception, remains to be 

determined, but they appear promising (Antonioli et  al, 

2009). 

The palliative care needs of patients with end-stage 

systemic sclerosis must be considered (Eloreaga et al, 

2017). While there is little research into hospice and 

palliative care transition for patients with SSc, pain 

management should deal with the severity of end-organ 

damage and pain according to local resources and the 

experience of the team responsible for the patient’s care 

(Reay, 2007). In end-stage SSc, it is essential to involve the 

patient’s family in comfort care decisions and end-of-life 

transition (Rousseau, 2008).

In summary, chronic pain in SSc significantly affects 

mental health as well as the professional and private life 

of patients and their families (Stisi et al, 2014). While SSc- 

related pain has traditionally been studied on the basis of 

organ involvement and is considered a symptom caused by 

disease activity or previous tissue damage, effective pain 

management is a primary goal of the treatment strategy. A 

Summary points

•	 Pain is extremely common in SSc and the underlying causes should be investigated.

•	 To improve work ability, pain must be effectively treated, especially when caused by ischaemic 

ulcers.

•	 A majority of patients with SSc experience fatigue, which can be assessed using the 

Multidimensional Assessment of Fatigue (MAF).

•	 Fatigue, depression and gastrointestinal complaints are often closely related in SSc.

•	 It is important to recognise depression as a frequent underlying cause of fatigue.
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multimodal approach which assesses longitudinal HRQoL 

needs to be adopted for optimal pain management in SSc.
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Introduction
The pathogenesis of systemic sclerosis (SSc) is not fully 

defined and we lack a single overarching treatment that 

effectively manages the core disease. The remarkable clin-

ical heterogeneity of the syndrome is a further complication 

in the development of effective treatments and management 

decisions in the individual patient. Although common-

alities of disease expression are strongly linked to clinical 

classification (diffuse vs limited scleroderma), duration of 

disease, specific serological phenotypes and increasingly, 

to genotype, the clinical course and outcome in any given 

person cannot be reliably predicted. Unlike other rheumatic 

diseases, it is important to consider the full spectrum of 

internal organ complications in all cases. The significant 

morbidity and mortality of SSc and its complications make 

it necessary to identify and assess problems and choose 

appropriate treatment as soon as possible.

Disease subsets and risk stratification
The conventional classification of SSc cases into limited 

or diffuse subsets (based primarily on the extent of skin 

involvement) is helpful; however, it does not adequately 

reflect the manifold clinical features of SSc or the frequent 

coexistence of overlapping features of other autoimmune 

rheumatic disease, which may be present in up to 20% of 

cases. An operational classification of cases based on sero-

logical status is shown in figure 1. 

Since each SSc-associated autoantibody is mutually 

exclusive, distinctive syndromes within the overall disease 

can be identified. The key consideration is the associa-

tion of specific complications of scleroderma with specific 

autoantibody reactivities. This helps in the identification of 

cases at increased risk of specific SSc manifestations, such 

as renal crisis, interstitial lung disease and/or pulmonary 

arterial hypertension. This, in turn, should lead to tailored 

programmes for monitoring individual patients. However, 

although ORs for these associations may be highly statisti-

cally significant, the associations are not sufficiently robust 

to fully direct protocols for patient assessment or review. 

They are important in identifying cases at increased risk in 

the context of other factors and also in helping to interpret 

disease progression. In the future, newer approaches to 

disease classification may be developed, such as those that 

have emerged from studies examining the gene expression 
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signatures of skin biopsies of patients with scleroderma 

(Farina et al, 2010). Again, the critical element is disease 

heterogeneity. The further development of serological and 

genotypic disease descriptors will lead to more precise 

stratifications of risk. In addition, subgroupings of diffuse 

SSc based on skin biopsy gene expression microarray 

are now proposed. These ‘intrinsic subsets’ may offer 

guidance for treatment or prognosis but require more 

extensive validation (Pendergrass et al, 2012). Association 

of responsiveness to mycophenolate mofetil (MMF) has 

been suggested for skin biopsy gene expression that may 

suggest future potential for a more stratified approach to 

treatment (Hinchcliff, 2013).

Baseline investigations
It is essential that all cases of scleroderma are assessed 

appropriately at baseline to examine potential complica-

tions of the disease. The recommended assessment of cases 

is outlined in figure 2. There is reasonable flexibility in these 

recommendations. For example, an anticentromere-pos-

itive patient with typical limited scleroderma might be at 

very low risk of renal crisis but monitoring of both blood 

pressure and renal function remains a core element of 

clinical follow-up. Individuals with limited and diffuse 

scleroderma are both at risk for parenchymal lung disease, 

but any given subject with normal pulmonary function 

testing and an unremarkable high-resolution CT (HRCT) 

scan at baseline would not be considered for lung biopsy 

and/or bronchoalveolar lavage.

Interstitial lung disease in SSc offers instructive data about 

the heterogeneity of the disease and the subtleties involved 

in clinical management decisions. Pulmonary fibrosis has 

emerged as the leading cause of death, yet not all patients 

have progressive disease. Recent data from both clinical 

trials and observational cohorts have shown that individuals 

with >20% involvement of the lungs by HRCT are at high 

risk of further aggressive decline (Goh et al, 2008; Roth et al, 

2011). In subjects with <20% lung involvement, those with 

forced vital capacity <70% predicted are also destined for 

a worsening in their condition. Thus, the mere presence of 

interstitial lung disease alone is not the key driver of deciding 

to treat, although close observation with repeat pulmonary 

function testing is recommended (figure 3). In the future, 

other markers may emerge that add value and predict 

progression independently of the extent of fibrosis on HRCT 

(Goh et al, 2011; De Lauretis et al, 2013; Khanna et al, 2016a).

Measures of disease severity equate to surrogate predic-

tors of disease activity and form the basis of clinical 

decision-making.

Target antigen

•     Centromere

•     Topoisomerase-1

•    RNApol III

•    Fibrillarin

•    PM-Scl

•     Th/To

–    IcSSc, isolated PAH, bad gut

      disease

–    interstitial lung disease

ATA

ACA

ARNAP

PM-Scl

AFA

–    renal crisis

–    pulmonary hypertension,

      myositis

–    Myositis

–    IcSSc with respiratory

      involvement

–    dcSSc

–    dcSSc, renal crisis

Figure 1 Classification of systemic sclerosis by hallmark antinuclear antibody (ANA) reactivity. An operational classification of cases of sys-

temic sclerosis can be made using hallmark autoantibodies that are almost always mutually exclusive. The major clinical associations of each 

subtype are shown. Antibody-based classification adds to the separation of cases into limited or diffuse subsets. dcSSc, diffuse cutaneous 

systemic sclerosis; lcSSc, limited cutaneous systemic sclerosis; PAH, pulmonary arterial hypertension.
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Pulmonary arterial hypertension stands in contrast to 

parenchymal lung disease, as data suggest that the earliest 

possible detection at more mild stages of disease is the most 

robust strategy for improving patient survival (Humbert 

et al, 2011). The sensitivity of screening tests—for example, 

a Doppler echocardiogram, is poor for mild forms of disease; 

thus, clinical suspicion would lead to earlier and more 

frequent performance of more aggressive diagnostic testing, 

such as right heart catheterisation (Denton et al, 2011).

Follow-up studies
Systematic follow-up of cases is the key to long-term 

management strategies in SSc and should include regular 

assessment of cardiopulmonary function. A particular 

challenge is the differentiation of parenchymal and vascular 

components of scleroderma lung disease when these two 

processes coexist. This is compounded by the potential 

inter-relationship of these complications together with 

the impact of other disease manifestations, such as cardiac 

involvement.

Investigation of organ-based disease
There should be regular longitudinal assessment of all SSc 

cases as outlined in figure 2. This should include assessment 

of haematological, biochemical and immunological labo-

ratory studies together with organ-based functional tests. 

Management of major complications has improved over 

the past two decades and this has affected overall disease 

outcome and survival. Scleroderma renal crisis, pulmonary 

arterial hypertension and lung fibrosis now have established 

treatment approaches and many symptoms and signs, such 

Heart involvement Interstitial lung fibrosis

Pulmonary

hypertensionRenal involvement

Pulmonary function tests

CXR

HRCT

Clinical exam

Lung biopsy

(BAL)

ECG

Echocardiogram

Pulmonary function tests

Clinical exam

Right heart cath.

Echocardiogram

ECG

SSc

Regular review

Clinical exam

Cardiac MRI

Cardiac catheterisation

Clinical exam (BP)

eGFR

Urinalysis

Figure 2 Recommended regular assessment of systemic sclerosis 

cases under review. Outcome in systemic sclerosis (SSc) can be im-

proved by early detection and management of organ-based com-

plications, and the approach to screening in cases under review 

is summarised. Generally, simple tests are used to identify the 

need for more comprehensive evaluation for each domain of or-

gan-based manifestation. BAL, bronchoalveolar lavage; BP, blood 

pressure; CXR, chest X-ray; ECG, electrocardiogram; eGFR, esti-

mated glomerular filtration rate; HRCT, high-resolution computed  

tomography; MRI, magnetic resonance imaging.

HRCT extent

Indeterminate

FVC<70%

Extensive

disease
Mild disease

Meticulous observation Active treatment

≤ 20% >20%

FVC≥70%

Figure 3 Simple staging system for cases of systemic sclerosis-associated lung fibrosis. Classification of cases as mild or extensive using 

simple clinical investigations allows stratification into cases at high or low risk of progression. This can be incorporated into treatment 

approaches, but all cases should be kept under close long-term evaluation. FVC, forced vital capacity; HRCT, high-resolution computed 

tomography. (Reproduced with permission from Goh et al (2008) Interstitial lung disease in systemic sclerosis: a simple staging system. 

American Journal of Respiratory and Critical Care Medicine, 177, pp. 1248–1254).
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as Raynaud’s phenomenon and gastro-oesophageal reflux, 

can be alleviated. For lung fibrosis it is important to distin-

guish severe progressive disease from milder involvement 

and a simple staging algorithm has been developed, as 

shown in figure 3.

Multifaceted management strategy
For all patients with SSc, there is a focus on assessment 

and treatment of skin and vascular complications together 

with description and categorisation of internal organ 

disease. This permits treatments to be targeted at the most 

important manifestations of the disease in the individual 

patient. There is increasing appreciation of the morbidity of 

SSc and its effect on quality of life and function. Moreover, 

the emotional and psychosocial aspects of SSc should not 

be ignored.

Multidisciplinary approaches
Effective management of SSc depends on a multidisci-

plinary approach that includes physicians, surgeons and 

allied healthcare professionals. Patient support groups 

provide vital information, advice and support to patients 

with SSc and families. Dealing with the social and psycho-

logical needs of patients with SSc is better recognised and 

should have priority within the healthcare team.

Patient education
The rarity and heterogeneity of SSc means that few patients 

are familiar with aspects of the disease as it relates to them. 

Patient organisations, specialist nurses and other profes-

sionals have a key role in educating patients about SSc so 

that they can make informed decisions about management 

and lifestyle. Education about social aspects and support 

networks is an important part of patient care and forms part 

of the educational need for SSc.

Defining successful outcomes
The strategies and approach of the clinical research commu-

nity can and should inform the bedside clinician. Current 

trial design focuses on several different strategies (box 1). 

Patient survival is obviously the most important goal and 

the most robust measure of outcome yet, mortality over 

short time periods—for example, 1 year for both intersti-

tial lung disease and pulmonary hypertension, is quite low. 

Defined subsets at high risk of mortality include patients 

with early accrual of severe skin involvement in parallel 

with significant internal organ complications. This subset 

can be ethically studied with interventions that have 

high treatment-related morbidity and mortality, such as 

 immunoablation with stem cell reconstitution (Sullivan 

et al, 2011). The recently reported trials of this high- intensity 

approach (van Laar et al, 2014; Sullivan et al, 2018) provide 

a template for assessment of treatment response and also 

highlight the need to consider short-term functional effect 

and long-term survival benefit when balancing the effec-

tiveness and toxicity of interventions.

Trials can assess skin sclerosis, function and health status 

or may focus on organ-specific endpoints. Composite 

endpoints (box 2) are being developed and validated. 

Survival and event-free survival are attractive and mean-

ingful endpoints for longer-term studies. 

The CRISS index was developed in a complex multistage 

approach wherein an expert panel identified key measure-

ment tools in multiple domains of disease followed by 

prospective gathering of data in a cohort of 150 patients. 

Variables were discarded if found not sensitive to change or 

of minimal frequency of events. A multistage expert review 

(Delphi technique) identified the surviving core measures. 

Prospective validation and adjustment of weighting of 

outcomes is in progress, although the ability of CRISS to 

discriminate treatment from placebo has been verified 

against historical datasets.

CRISS may evolve to be a core outcome measure of 

future interventional trials but can also be seen as a guide 

to bedside decision-making in the individual patient. 

CRISS includes classic measures of the fibrotic features 

of SSc (mRSS, forced vital capacity) but also measures of 

patient function and well-being as well as overall physician 

assessment. Success or lack thereof in the individual patient 

Box 1 Candidate approaches to outcome 
assessment in clinical trials in scleroderma

•  mRSS/HAQ/SF-36 (‘skin and trends’).
•  Organ-specific.
•  Composite response indexes—for example, 

CRISS.
•  Survival.
•  Event-free survival.

CRISS, Combined Response Index for Systemic Sclerosis; HAQ, Health Assess-

ment Questionnaire; mRSS, modified Rodnan Skin Score; SF-36, Short Form 36.
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requires a comprehensive assessment of multiple features of 

disease.

Not surprisingly, the best effect on survival is achieved 

with organ-specific treatments. Prominent examples 

include the use of angiotensin-converting enzyme inhibi-

tors for management of renal crisis and the use of intensive 

treatment for pulmonary arterial hypertension, including 

combination treatment for patients at high risk, in line with 

European Respiratory Society/European Society of Cardi-

ology treatment recommendations (Galiè et al, 2015).

A definition of disease modification in SSc has been 

more elusive. Many past protocols focused on the extent 

and severity of skin involvement measured by the modified 

Rodnan skin score (Merkel et al, 2012). These trials assume 

that skin involvement is an important clinical outcome but 

is also a surrogate for the overall progression of disease as 

well as a marker of both patient function and quality of life. 

This approach has face and content validity as a clinical 

strategy but is somewhat undermined by the unpredictable 

behaviour of skin thickening as an outcome. The clinical 

course of skin as an outcome measure in more than 600 

patients with early diffuse scleroderma treated with either 

placebo or agents not demonstrably better than placebo has 

been reported (Merkel et al, 2012). At least as a descriptor of 

patients who decide to enter randomised controlled trials, 

stability and spontaneous improvement is the most typical 

clinical course. It remains unclear if this effect is typical 

regression towards the mean or the result of clinical bias 

of investigators unwilling to enrol patients with the most 

active disease into placebo-controlled trials.

Composite measures of disease process and outcome 

are more generalisable and more sensitive to change. One 

measure is the Combined Response Index in Systemic 

Sclerosis (CRISS), which was developed by consensus 

methodology by members of the Scleroderma Clinical 

Trials Consortium. In CRISS, the consensus was to include 

multiple discrete domains of disease-related features and 

complications (box 2) (Khanna et al, 2016a). 

Medical intervention and decision-
making in the individual patient
In the absence of proven effective treatments, protocol 

participation remains the preferred treatment. A search for 

clinical trials relevant to an individual patient’s group of 

clinical complications and risks is the first consideration.

Appropriate trials are not always available or acces-

sible, which means that choice of treatment is somewhat 

Box 2 Combined Response Index for 
Systemic Sclerosis (CRISS)

Step 1
Subjects who develop new or worsening cardio-
pulmonary and/or renal involvement due to SSc 
are considered as NOT IMPROVED (irrespective of 
improvement in other core items). Specific defi-
nitions include:
•  New scleroderma renal crisis.
•  Decline in FVC% predicted > (relative) con-

firmed by another FVC test within a month. 
HRCT to confirm ILD (if previous HRCT of chest 
did not show ILD) and FVC <80% of predicted.

•  New onset of left ventricular failure (defined 
as left ventricular ejection fraction <45%) re-
quiring treatment.

•  New onset of PAH on right heart catheterisa-
tion requiring treatment.

Step 2
•  Change in modified Rodnan Skin Score.
•  Change in FVC.
•  Change in HAQ-DI.
•  Change in Patient Global Assessment.
•  Change in Physician Global Assessment.

FVC, forced vital capacity; HAQ-DI, Health Assessment Questionnaire Disability 

Index; HRCT, high-resolution computed tomography; ILD, interstitial lung  

disease; mRSS, modified Rodnan Skin Score; PAH, pulmonary arterial  

hypertension.

Box 3 Overview of immunosuppressive 
strategies in clinical use or under eval-
uation to manage diffuse cutaneous 
systemic sclerosis

Potential immunomodulatory strategies:
•  Methotrexate.
•  Cyclophosphamide.
•  Azathioprine.
•  Mycophenolate mofetil.
•  Ciclosporin, tacrolimus.
•  Tocilizumab.
•  Basiliximab.
•  Rituximab.
•  Rapamycin.
•  Stem cell transplantation (autologous/alloge-

neic).

Some agents are in routine clinical use, including methotrexate, mycophenolate 

mofetil, azathioprine and cyclophosphamide. Others are being considered or 

evaluated in clinical trials.
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empirical. A panel of experts critically reviewed the avail-

able data on treatment outcomes under the aegis of EULAR 

and published recommendations for treatments that are 

recognised as effective (Avouac et al, 2009; Kowal-Bielecka 

et al, 2017).

A useful philosophical concept involves consideration of 

clinical trials with an N of 1. In this construct, the physician 

and the patient determine what realistic and appropriate set 

of clinical outcomes is applicable to the patient’s circum-

stance, and thus determine what measures will be employed 

in judging therapeutic efficacy.

Consider a patient with early diffuse scleroderma who 

has not yet developed internal organ complications. The 

therapeutic contract with this patient would be judged 

based on (1) subsequent extent and severity of skin involve-

ment (same, better, worse); (2) prevention of new internal 

organ complications; (3) acceptable tolerability of the treat-

ment and (4) overall effect on patient function and quality 

of life. Failure to achieve the desired level of effect in at least 

three of these four outcomes should force reconsideration 

of the chosen treatment.

Contrast this scenario with a patient with longstanding 

limited scleroderma complicated by heartburn, dysphagia, 

recurrent digital tip ischaemic ulcerations and symptom-

atic Raynaud’s phenomenon. Prospective assessment of 

skin involvement would have minimal relevance, although 

prevention of new organ complications (in this case, pulmo-

nary hypertension), acceptable tolerability and overall effect 

on patient function and quality of life would be hallmarks of 

outcome. Choice of primary outcome here might be healing 

and prevention of digital ulcers, a reduction in severity of 

Raynaud’s disease or improved oesophageal function.

The first patient might opt for an immunosuppressive 

drug or an agent with putative antifibrotic effects. The 

second patient might be managed conservatively with a 

proton pump inhibitor and adjustment of peripheral vaso-

dilator regimens. In both cases, success can be measured 

and judged, although different outcomes apply to these 

disparate circumstances.

Immunosuppression
Immunosuppression is the mainstay of putative 

disease-modifying treatment for diffuse SSc within the 

first 3 years of disease. It is also used for other patients who 

exhibit active or progressive lung fibrosis or inflammatory 

disease in the musculoskeletal system (box 3). EULAR 

recommendations support the use of methotrexate and 

cyclophosphamide, but other agents are also routinely used, 

including MMF (Avouac et al, 2009). The recently reported 

large European Observational Scleroderma Study (ESOS) 

found similar benefit for skin from MMF or methotrexate 

over 12 months in early diffuse cutaneous SSc, although this 

was not a controlled study (Herrick et al, 2017). Open-label 

trials of high-dose immunosuppression and stem cell rescue 

(usually autologous) have shown promise, with benefit for 

the skin or improvement of patient functional assessments. 

The results of large, well-conducted controlled trials are 

now emerging and appear to confirm potential long-term 

benefit but also that this intensive approach to treatment 

may be associated with treatment-related mortality of up to 

10% (van Laar et al, 2014; Sullivan et al, 2018). Other inves-

tigational strategies include oral tolerance to type I bovine 

collagen (Postlethwaite et al, 2008), hyperimmune caprine 

serum (Quillinan et  al, 2014) and tocilizumab (Khanna 

et al, 2016b).

Vascular therapies
SSc is considered as a prototypic fibrotic disease, but much 

of the morbidity and mortality of SSc emanates from 

vascular complications. These need to be dealt with through 

approaches to reduce the impact of Raynaud’s phenomenon 

and to manage structural vascular disease (table 1). Major 

complications due to vascular disease, such as scleroderma 

renal crisis or pulmonary arterial hypertension, require 

specific treatments. There is some evidence that treatments 

Table 1 Summary of vascular therapies for systemic sclerosis. 

Vascular reactivity, including vasospasm and structural damage, 

is a hallmark of systemic sclerosis (SSc) and can be attenuated 

by several treatments. Those with the potential to influence the 

structural changes that are systemic in SSc may have disease-

modifying potential.

Calcium channel blockers

Nitrate patches
Adrenergic receptor blockers
Serotonin antagonists/SSRI
PDE5 inhibitors

Vasodilators

ACE inhibitors 
Angiotensin receptor blockers
Prostacyclin analogues
Endothelin receptor blockers
Statins

Remodelling potential

Vitamin E, vitamin C, probucol 
aspirin, clopidogrel

Antioxidant
Antiplatelet

ACE, angiotensin-converting enzyme, PDE5, phosphodiesterase 
5, SSRI, selective serotonin reuptake inhibitor.
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for pulmonary arterial hypertension may help other 

vascular manifestations, although well-controlled clinical 

trials are needed to confirm this.

New approaches and clinical trials
Significant opportunity exists for new treatments in SSc 

and this has been fuelled by the availability of an increasing 

number of agents that target biological pathways or processes 

that may be relevant to SSc pathogenesis, including anti-

cytokine treatments, small molecule signalling pathway 

inhibitors and receptor antagonists. Drawing on the 

successful application of such approaches in other rheu-

matic diseases and in oncology this is likely to be a key area 

of therapeutic progress. Improved scientific understanding 

of the underlying mechanisms of the scleroderma disease 

process offer the opportunity to test highly specific targeted 

treatments. This, coupled with the increased sophistication 

in trial design and outcome measures, should dramatically 

improve our therapeutic options.
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Introduction
Systemic sclerosis (SSc) is a connective tissue disease 

characterised by excessive collagen deposition, vascular 

hyper-reactivity and obliterative microvascular phenomena. 

Visceral involvement is responsible for reduced life expec-

tancy, and frequently, skin, tendon, joint and vessel damage 

lead to significant impairment and disability and reduced 

quality of life. To decrease the burden of the disease, life-

style advice and patient education programmes can be 

used improve quality of life. The aim of patient education 

programmes is to inform patients about their disease and 

the pharmacological and non-pharmacological approaches 

that are available, including the level of evidence and 

methods. Commonly, the focus is on methods that patients 

can self-administer. Lifestyle advice and patient education 

programmes are commonly delivered by an interdisci-

plinary team comprising different health professionals, such 

as rheumatologists, nurses, occupational therapists, physio-

therapists, etc.

Recently, a review on the effectiveness of non-pharma-

cological interventions in SSc was published by Willems 

et al (2015a), which concluded that the evidence was very 

limited. Out of a total of 23 studies, three randomised 

controlled trials were rated as high quality. These 

randomised controlled trials reported that (a) a multifac-

eted oral health intervention improves mouth hygiene, 

but additional orofacial exercises did not improve mouth 

opening; (b) a multidisciplinary team-care programme 

reduces limitations in activities, mouth opening and hand 

grip strength and (c) manual lymph drainage improves 

hand function, limitations in activities and quality of life 

(Willems et  al, 2015a). In another observational study, 

European non-physician health professionals working 

in SSc care were invited to complete an online survey on 

non-pharmacological care in SSc and patients’ educational 

needs. Non-pharmacological care in SSc was found to vary 

considerably in Europe in its interventions, reasons for 

referral and treatment targets (Willems et al, 2015b).

Lifestyle advice
Lifestyle is an important concern of patients with SSc and 

may be related to the following areas: behavioural/psycho-

logical, educational and physical/occupational therapy 

(Thombs et  al, 2012). A qualitative study by Stamm et  al 

33 Patient education and 
lifestyle advice

Tanja Stamm, Sabine Nevzati, Uta Dietz

Learning objectives

•	 To know how to advise patients with systemic sclerosis (SSc) about concerns that may be relevant 

to their lifestyle.

•	 To be able to describe didactic principles to design a patient education programme.

•	 To know about the limited evidence in this area.
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(2011) described the following concepts as important to 

patients with SSc: struggle to master one’s life with the 

disease, changing the way of doing things, adapting daily 

activities to own abilities, mental and physical exhaustion, 

impaired hand function, household activities, paid work, 

climate and coldness, support from others, non-pharmaco-

logical treatment, etc. All these areas relate to lifestyle.

In general, evidence for interventions focusing on life-

style in SSc is limited. High-quality studies are therefore 

highly desirable. However, nurses, occupational  therapists, 

physical therapists, psychologists, social workers and 

dieticians provide clinical interventions and advice for 

lifestyle; for example, occupational therapists may focus 

on hand function, how to manage household activities, 

energy conservation techniques to handle fatigue, etc. A 

variety of interventions exists. This chapter covers some 

examples.

Occupational therapy
Occupational therapy is based on the hypothesis that there 

is a relationship between occupation, health and well-

being. Consequently, occupational therapists and scientists 

explore various concepts linking occupation and health, 

such as occupational alienation, occupational (in)justice, 

occupational deprivation and occupational (im)balance. 

Alienation, justice and deprivation can be strongly influ-

enced by institutional and societal policies, but occupational 

balance was found to be more based on the individual. The 

concept of occupational balance is explored and described 

in different ways in the literature (and should apply equally 

to healthy people and people with chronic diseases or 

disabilities). Examples are a time balance between work, 

play, rest and sleep; a balance between self-maintenance, 

work and play; involvement in physical, mental, social, 

emotional, spiritual occupations and rest; an optimal 

range of activities and a certain amount of time spent on 

certain types of activities or occupations. However, all these 

concepts of occupational balance are based more on theo-

retical assumptions rather than on extensive empirical data 

or research.

A study by Stamm et  al (2008) described three new 

dimensions of occupational balance based on the expe-

riences of people with rheumatoid arthritis—namely, a 

balance between (a) challenging versus relaxing occu-

pations and activities; (b) activities meaningful for the 

individual and those meaningful in a sociocultural 

context and (c) activities intended to care for oneself and 

those intended to care for others. Aspects included in 

these dimensions might be specifically related to rheuma-

toid arthritis, but apply also to other rheumatic diseases 

such as SSc—for example, the need for relaxing activi-

ties. Further research is needed to explore concepts that 

link occupation/activity and health in people with other 

diseases or disabilities, such as SSc.

Despite the limited evidence, occupational therapists 

may use concepts such as occupational balance to facilitate 

a healthy lifestyle in patients with SSc by first, assessing 

occupational patterns and corresponding patient satisfac-

tion (eg, using the Canadian Occupational Performance 

Measure)  (Townsend and Polatajko, 2007); and second, by 

advising, enabling and supporting patients to conduct their 

daily activities in a healthy and balanced way.

Physical therapy
Physical therapy promotes physical activity as a major 

component of a healthy lifestyle. Remedial gymnastics form 

part of permanent care in addition to medicinal treatment. 

The illness is different in every person. It is necessary to 

place great emphasis on maintaining physical activity and 

stretching exercises, improving the range of motion. Exer-

cising should be started at the beginning of the illness, 

before any decline in mobility is seen. The aim of exercising 

is to prevent and slow down the decline in the range of 

motion of the joints.

It is important to exercise daily. Exercising should be 

well planned and enough time should be devoted to it to 

allow easing of physical exhaustion after exercise. The most 

important tasks are the correction of face and hand func-

tion, doing breathing exercises and maintaining motion of 

the rest of the joints.

Serious changes can develop in the joints of the hand and 

so emphasis should be place on actions which promote full 

hand function.

The tightness of facial skin and changes of the loose 

connective tissue around the lips lead to reduced tightness 

of the lips. To avoid this, a workout of facial muscles and 

exercises of the mouth should be performed. If frequently 

performed, tensile gymnastics may prevent intense motion 

decline. When motion of the pelvis and the pectoral girdle 

declines, surrounding muscles can lose their mass. Thus, 

the strengthening of muscles should be emphasised during 

remedial gymnastics. For cases of joint pain and motion 

decline, stretching muscle exercises are recommended that 

are not accompanied by joint motions. Resistance to these 

exercises is provided by an elastic substance, such as the bed 

or a rubber ball.
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During the illness a patient’s physical ability declines, 

so conditioning exercises should be undertaken, paying 

attention to the suitable dosage and with breaks between 

intervals of exercise.

Patient education
Evidence for patient education in SSc is limited. In a study by 

Kwakkenbos et al (2011), patients with SSc reported a high 

need for education and support. To deal with these needs, 

a short, group-based psycho-educational programme for 

patients with SSc was developed in the study and evaluated 

using a pre–post test design. Patients reported less helpless-

ness after the intervention and greater acceptance of their 

limitations. In addition, patients were highly satisfied with 

the content of the programme (Kwakkenbos et  al, 2011). 

However, no difference in depressed mood and physical 

functioning was observed.

Education programmes should cover all relevant infor-

mation for patients with a particular disease. Depending on 

the resources available and the structure of the healthcare 

system, patient education programmes may differ substan-

tially. The following points may be important for a patient 

education programme for people with SSc:

 • Programmes should be interdisciplinary or 

multidisciplinary. Different health professionals should 

participate in the design and teaching of the programme 

to cover topics in appropriate depth. Topics may include 

pathogenesis, blood pressure management, management 

of ulcers, behavioural/psychological problems in the 

management of the disease, daily activities, physical 

activity, pharmacological and non-pharmacological 

interventions, advice about swallowing and eating food, 

including diet, how to deal with cold climate, fatigue and 

energy conservation, etc.

 • Programmes should include information on the (limited) 

level of evidence of interventions and advice, but may 

also include expert opinion.

 • Patients should be able to use their knowledge to suit their 

own situation—for example, how to handle activities of 

daily living. To achieve this, patients should participate 

in some way—for example, by providing their own 

examples of daily activities—by using practical exercises.

 • Patient education can be either individualised for a single 

patient or delivered in a group—each of these methods 

has advantages and disadvantages. A group may increase 

motivation and allow multidisciplinary input.

 • Depending on resources, patient education programmes 

should focus on behavioural change. Achieving such 

change may need substantial and longer education 

programmes with follow-ups.

Practical advice for patients/
behavioural change

 • To avoid Raynaud’s attacks, patients should be instructed 

to keep their hands and feet warm and protected. Any 

source of heat, such as paraffin bathing, (jelly filled) 

hand warmers and gloves can be used. Sandqvist et  al 

(2004) showed that a daily paraffin bath combined 

with stretching exercises (see below) seems to improve 

mobility, perceived stiffness and skin elasticity.

 • Patients should be taught to care for their skin intensively, 

to keep it moist and protect it from irritations and 

infections. They should contact a specialised wound 

care centre immediately if ulcers occur. During manual 

activity, the hands should be protected from injuries, 

crushes and coldness.

Summary points

•	 Lifestyle advice and patient education is important for patients with SSc, although published 

evidence is limited.

•	 Patients with SSc reported less helplessness and higher acceptance of their limitations after a 

patient education programme and were highly satisfied with the content.

•	 Nurses, occupational therapists, physical therapists, psychologists and other non-physician health 

professionals can provide advice, education and non-pharmacological intervention.
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 • As shown by Mugii et al (2006), regular finger stretching 

exercises improve the range of movement and enable 

patients to better manage activities like eating and 

gripping.

 • Smoking is harmful to people with scleroderma and every 

effort should be made to explain to patients why they 

should stop smoking. Specified support programmes 

for smoking cessation should be implemented. Any 

other kind of air pollution—for example, in the working 

environment—should also be avoided.

 • Food and drink should not be ingested in a lying 

position, to avoid reflux. The upper part of the body 

should be seated in a higher position. Often it makes 

sense to avoid eating and drinking in the late hours 

before going to bed. 

 • To support general endurance, it is recommended that 

light training should be included in the daily routine. 

Often programmes (compiled by physiotherapists or 

other health professionals) are combined with respiration 

therapy. Light training is also possible with myopathies. 

Neill et  al (2006) showed that low-impact aerobic 

exercise, gradually increasing in intensity, duration and 

frequency, may effectively reduce fatigue in some adults 

with chronic autoimmune conditions. Although the 

study included adults with multiple sclerosis, rheumatoid 

arthritis and systemic lupus erythematosus, the results 

also apply to SSc.

 • A measure related to endurance is maintenance of a 

structured day with frequent rests and short periods of 

activity. Patients should be taught to schedule their days 

evenly and to plan ahead.

 • Often patients are doubtful about sexuality and 

pregnancy. Women could be affected by vaginal 

dryness, whereas men could have erectile dysfunction 

(Foocharoen et al, 2012). These patients should be sent 

to specialists in order to provide them with as much 

support as possible with these problems.

 • The psychological aspects of the disease—for example, 

fear, shame and depression—should not be disregarded 

(Amin et  al, 2011). Patients should be encouraged to 

keep company with friends and relatives and undertake 

activities they like and that distract them. Relaxation 

techniques can easily be learnt and help patients to 

manage fatigue and sleeping disorders and improve their 

body awareness.
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Introduction
Systemic sclerosis (SSc) is a connective tissue disease 

characterised by excessive collagen deposition, vascular 

hyper-reactivity and obliterative microvascular phenomena. 

Visceral involvement is responsible for reduced life expec-

tancy. Frequently observed skin, tendon, joint and vessel 

damage lead to significant impairment and disability and 

reduced quality of life. To decrease the burden of the disease, 

non-pharmacological management of SSc could be useful 

to reduce impairment and disability and improve quality of 

life. This approach mainly includes rehabilitation techniques 

but also occupational and physical therapies (Mouthon and 

Poole, 2012; Mugii, 2018).

This chapter reviews rehabilitation techniques used for 

improving joint motion, hand function, strength, general 

aerobic conditions and participation in daily life for patients 

with SSc.

Assessment of impairment and 
disability in patients with SSc
Before assessing disability and handicap, it is necessary 

to assess impairment, especially of the hand and the face, 

which are targeted by the disease from the earliest phases. 

The range of motion is a reliable tool for assessing joint 

impairment. Patients with SSc usually show a pronounced 

decrease of the flexion and extension of different joints. 

In the upper limbs, especially in the hands, the decreased 

range of motion may be assessed by evaluating the distance 

from the tip of the third finger to the distal palmar crease 

in maximal active flexion. In lower limbs, both reduced 

range of motion (of tibiotarsal plantar flexion and dorsi-

flexion and of hip adduction) and reduced muscle strength 

are often present in patients with SSc. These correlate with 

reduced cardiovascular functionality measured with the 6 

min walking distance test, indicating that musculoskel-

etal dysfunction also plays a role in the reduced functional 

ability of these patients (Lima et al, 2015a, 2015b).

 • When the face and mouth are affected, patients often 

have aesthetic concerns about skin sclerosis, which leads 

to typical ‘facies amimica’, with the disappearance of 

cutaneous furrows, the appearance of vertical wrinkling 

due to skin retraction around the mouth and the nose 

becoming sharp. Face changes also include thinning of 

the lips and a reduction of mouth width (microcheilia) 

and opening (microstomia), altered dentition, difficulties 

in undergoing dental surgery and/or sicca syndrome. 

34 Rehabilitation (including 
hands)

Cosimo Bruni, Christelle Nguyen

Learning objectives

•	 To assess the physical impairment and disability of patients with scleroderma.

•	 To summarise current evidence on self-management, global exercise and regional hand or facial 

rehabilitation techniques.
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Mouth opening can be assessed by the inter-incisor 

distance.

 • Assessment of joint motion, hand and mouth function 

and disability and strength is mandatory for personalised 

and tailored rehabilitation programmes; this is important 

in the light of recently published papers showing that 

patients with SSc also have postural deviations of the 

hip angle, of the horizontal alignment of the pelvis 

and of the vertical alignment of the trunk and of ankle 

angle. These result in postural changes which might 

impair general body function but, consequently, also 

respiratory function (Lima et al, 2015c). Both assessment 

and rehabilitation should focus on hand and mouth 

functions—the regions most altered in SSc—to reduce 

dysfunction and disability and improve quality of life.

 • The main scales validated for SSc to assess function and 

disability are: the Health Assessment Questionnaire, 

the McMaster-Toronto Arthritis Patient Preference 

Disability Questionnaire (Mouthon et al, 2008; Nguyen 

et  al, 2010)  and the Medical Outcomes Survey Short 

Form 36 (SF-36) for evaluating general disability and 

quality of life; the Cochin Hand Function Scale and the 

Hand Mobility in Scleroderma test for assessing hand 

function and disability (Rannou et  al, 2007); and the 

Mouth Handicap in Systemic Sclerosis Scale, to evaluate 

face and mouth function (Mouthon et al, 2007).

Rehabilitation
Rehabilitation treatments, as well as self-management 

programmes and occupational and physical therapy, are 

indicated for patients with SSc to improve joint motion, 

hand function, strength and general conditioning, as well 

as participation in activities of daily living, such as self-care, 

home management, leisure and work.

Self-management programmes
Management of a complex chronic disease such as SSc 

requires total involvement and participation of the patient 

to increase compliance with pharmacological and non- 

pharmacological treatments.

A self-management programme consisting of a workbook 

and exercise DVD was developed to reach patients who did 

not have access to support groups or education programmes 

(Mouthon and Poole, 2012). Modelled after concepts used 

in arthritis self-management programmes, the workbook 

includes action plans and learning activities at the end of 

each chapter. With a pre-test/post-test design, changes in 

self-efficacy, fatigue, functional ability and health-related 

events are assessed. Patients showed improvements in 

fatigue, hand function and pain, but the only significant 

improvement was in self-efficacy for managing pain. Feed-

back from participants was positive.

Introduction of self-management techniques, also via 

web-based platforms, has proved to support patients in 

the management of care, pain, fatigue, functional ability 

and depression, thus increasing participation in caring and 

treatment processes (Poole et al, 2014). 

Specific rehabilitation for joint and skin, 
including hands
Because of the hand stiffness seen in patients with SSc, 

self-administered range of motion exercises for the hand 

focus on increasing flexion at the metacarpophalangeal 

joints, extension at the proximal interphalangeal joints, 

flexion and abduction of the thumb and movement of the 

wrist.

A rehabilitation programme performed for 1 month and 

based on finger total passive motion exercises, increased 

movements of the fingers and hand function, with the 

improvement maintained for 1 year. Before initiating 

passive and active range of motion exercises, heat modal-

ities (hot packs or paraffin wax) may be used to reduce 

pain and increase extensibility of skin and subcutaneous 

tissues (Sandqvist et al, 2004). Several studies have evalu-

ated the efficacy of range of motion exercises for the hand 

in conjunction with heat treatments.

Two randomised controlled studies showed that a 1 and 

3 months’ course of heat treatment reduced hand impair-

ment by increasing joint motion and grip strength. In 

another study, a single session of paraffin wax and range 

of motion exercises improved joint motion, grip and pinch 

strength and dexterity as compared with controls. Finally, 

a series of single case studies showed improvement in the 

performance of hand activities such as buttoning and tying 

shoes, and in joint motion and grip strength, after 8 weeks 

of treatment with paraffin wax and range of motion exer-

cises (Mancuso and Poole, 2009).

Rehabilitation may be useful in sclerotic and atrophic 

phases, while techniques reducing hand oedema should be 

used in early phases. A 5-week study of patients with SSc 

with oedematous hands evaluated the efficacy of manual 

lymph drainage as compared with an observational control 

group (Bongi et al, 2011). Manual lymph drainage signifi-

cantly reduced hand volume, perception of hand oedema 
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and pain and their interference in daily activities, and 

improved hand function, with all results maintained after 9 

weeks of follow-up. Perceived global disability and quality 

of life were also ameliorated.

Approaches combining different techniques specifically 

dealing with disease-related problems may be useful in 

treating the hands of patients with SSc.

A rehabilitative protocol specially conceived for SSc 

hands that combined connective tissue massage and 

McMennell joint manipulation with a home exercise 

programme significantly improved fist closure, hand func-

tion, global disability and quality of life as compared with 

control treatment with the home exercise programme alone. 

Joint motion and stretching exercises have been used 

to improve mouth opening (Bongi et al, 2009). The exer-

cises include exaggeration of the usual facial movements, 

manual stretching of the mouth with the thumbs and oral 

augmentation exercises with tongue depressors. Three 

studies showed that these exercises significantly increased 

mouth opening. This kind of self-management exercise, by 

improving mouth function, may help with eating, speaking 

and dental hygiene and, thus, improve oral quality of life.

Specific occupational therapy effects, combined with 

self-administered stretching exercises, have been tested in a 

randomised placebo-controlled study, showing a significant 

improvement in hand functionality and disability at both 1 

and 3 months (Stefanantoni et al, 2016).

A study by Maddali-Bongi et  al (2011) examined the 

efficacy of a combination programme tailored for patients 

with SSc that was based on connective tissue massage, 

Kabat’s technique (proprioceptive neuromuscular facilita-

tion stretch and resistive techniques for the face), physical 

therapy and a home exercise programme for the face. The 

intervention group showed a significant improvement 

in mouth opening and decrease in facial skin score as 

compared with those receiving a home exercise programme 

for the face alone. These results underline both the impor-

tance of initial intervention and supervision by a skilled 

therapist and the need for specific programmes with exer-

cises tailored for patients with SSc.

The use of rest splints in maintaining or increasing the 

range of motion in the SSc hand is controversial because, 

with possible friction on skin and subcutaneous tissues, 

splints may contribute to skin ulcerations. Moreover, 

splints are not often used and are rarely described in the 

 international literature. From the published evidence, the 

results for hand dynamic splints, which apply a constant 

force over a period of time to stretch a joint passively, may 

be deceptive as compared with their use in other rheumatic 

conditions. Further high-quality randomised controlled 

trials are needed to evaluate definitively the usefulness 

of splints in SSc hands. Splints should be made by occu-

pational therapists or physiotherapists, both skilled in the 

treatment of rheumatic diseases.

Recently, an open-label, non-controlled study tested the 

efficacy of neuromuscular taping on the hand of 53 female 

patients with SSc. It found a significant change in disability, 

functionality, pain and finger flexion at 1, 3 and 6 months 

after the treatment. Although no placebo/control group 

was present, this study provides a basis for further studies 

(Parisi et al, 2017).

Non-specific rehabilitation: 
strengthening and global aerobic 
exercises and multidisciplinary protocols
In SSc, the objective of global aerobic and strengthening 

exercises is to improve cardiovascular fitness and recondi-

tion the patient, thus leading to a better quality of life, as 

seen in many other rheumatic diseases.

Aerobic exercises could include walking and cycling and 

may be helpful in reconditioning. However, patients with 

skin ulcers should avoid water exercise, swimming and 

water cycling. Exercises with resistance, to increase muscle 

strength, must be used with extreme caution. An 8-week 

aerobic exercise programme was evaluated for women 

with SSc without lung involvement. Sessions (40 min 

twice a week) consisted of a 5 min warm-up, aerobic exer-

cises progressively increased until the target heart rate was 

reached and then a 5 min cool down. Improvements seen 

in peak oxygen consumption (VO
2
) and exercise intensity 

were not significantly different from control values (Oliveira 

et  al, 2009). However, a second study combining aerobic 

training with a strengthening programme improved muscle 

strength, function (Timed Stands Test) and aerobic capacity 

in patients with SSc without lung involvement, with no 

change in peak VO
2
 or serum concentrations of markers 

for muscle damage (creatine kinase, aldolase) (Pinto et al, 

2011).

When prescribing both aerobic and strengthening exer-

cises in SSc, because of the involvement of internal organs 

and the musculoskeletal system, the fatigue and pain 

threshold must be respected; thus, the level and intensity 

of exercises should be adapted and tailored to each patient.

The efficacy of multidisciplinary protocols has been 

evaluated. A 9-week programme combining specific 

hand and face exercises with global water- or land-based 
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exercises improved hand and mouth range of motion, hand 

and overall function, and quality of life as compared with 

control treatment (Maddali Bongi et al, 2009). For the first 

time, a multidisciplinary protocol was shown to affect the 

impairment, disability and handicap of SSc. 

More recently, a large multicentre randomised controlled 

trial of 220 patients with SSc conducted in France for 12 

months and using a modified Zelen design compared a 

tailored multidisciplinary programme with usual care. 

Patients in the experimental group (N=112) received a 

1-month supervised rehabilitation programme tailored to 

their impairments and activity limitations, delivered in a 

tertiary care centre, followed by a home-based programme. 

Patients in the control group (N=108) received usual care 

at the discretion of their treating physician. The multi-

disciplinary programme consisted of three sessions a week 

of 3 hours for 4 weeks and included physical therapy, exer-

cise therapy, occupational therapy, global physical activity 

and hand splinting. Global activity limitations assessed by 

the Health Assessment Questionnaire and hand-specific 

activity limitations assessed by the Cochin Hand Func-

tion Scale were reduced at 1 month, but not at 12 months 

(prespecified primary outcome). Twelve-month outcomes 

were affected by low adherence in the long term. Indeed, in 

a subgroup analysis, benefits were maintained in patients 

who complied with the home-based programme (Rannou 

et al, 2017). 

Therefore, implementing measures aiming at reducing 

the burden of treatment and enhancing adherence in the 

long term is compulsory. Tools designed to assess the burden 

of exercise therapy, such as the Exercise Therapy Burden 

Questionnaire (ETBQ) (Martin et al, 2017), and adherence 

to exercise, such as the Exercise Adherence Rating Scale 

(EARS) (Newman-Beinart et  al, 2017), are now available. 

Thus, digital interventions may be of interest, but still need 

to be assessed.

Another study evaluated the efficacy of an individualised 

programme of breathing exercises, treadmill and land-

based walking and upper extremity exercises, including 

stretching. Transcutaneous electrical nerve stimulation and 

ultrasonography (Uhlemann et al, 1990) were provided for 

patients if needed. At the end of 4 months, improvements 

were noted in quality of life, hand mobility, heart rate and 

dyspnoea when patients performed the 6 min walk test.

Conclusions
SSc is responsible for skin, tendon, joint and vessel damage, 

which leads to impairment, altered function, disability, 

handicap and worsening quality of life. A number of tools 

are available and validated in SSc to measure the impair-

ment, disability and handicap. These tools, together with 

clinical evaluation and taking into consideration the phase 

of the disease, should be used to personalise and tailor a 

rehabilitation programme and to assess the efficacy of the 

various available programmes.

Rehabilitation techniques mainly consist of heat treat-

ments, hand and face stretching exercises, manual lymph 

Summary points

•	 Global and regional impairment are disabling in patients with SSc and their evaluation is based 

on joint range of motion and patient-reported outcomes questionnaires.

•	 Self-management programmes are created on DVD or internet platforms and can be followed 

at home.

•	 Specific rehabilitation protocols can be applied to hand and face involvement, to maintain range 

of movement and flexibility.

•	 Global aerobic and strengthening exercises can improve muscular strength and cardiorespiratory 

performance.

•	 Physical therapy is generally safe, but more large-scale randomised trials with a control group are 

needed to validate their long-term efficacy. 

•	 Strategies aimed at reducing the burden of treatment and enhancing adherence need to be 

implemented and assessed using appropriate and validated instruments.
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drainage, connective tissue massage, range of motion exer-

cises, splints, aerobic exercises and resistance training. 

Multidisciplinary programmes specifically designed to 

meet the needs of patients with SSc, involving a synergy 

of techniques, may be useful for treating local and global 

disability. The design of rehabilitation programmes for SSc 

should involve doctors, therapists, but also patients, and be 

conducted by experienced therapists skilled in treatment of 

the disease and respectful of the pain threshold and fatigue. 

Most studies of rehabilitation in SSc involve small sample 

sizes and no control groups. We have results from only a 

small number of randomised controlled trials. However, these 

studies seem to show that rehabilitation programmes have 

some positive effects on impairment, disability and handicap.

Finally, in comparison with pharmacological treat-

ments, rehabilitation is widely accepted as a safe treatment 

without major side effects, even though results from high-

quality randomised controlled trials are lacking. Important 

remaining challenges are to implement innovative strate-

gies aiming at reducing the burden of treatment, enhancing 

adherence, supporting task engagement and transferring 

these programmes to the community. 
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Introduction
Systemic sclerosis (SSc) is a multiorgan disease and its 

treatment is still unsatisfactory, although significant 

steps towards better treatment have been taken in recent 

years. While no disease-modifying antirheumatic drugs 

(DMARDs) are yet approved by regulatory agencies for SSc, 

there is a hope that such treatment will become available. 

It is in this context that recommendations for the manage-

ment of SSc with DMARDs will be given.

At the present time, study design and outcome science 

use improvement in skin (which reflects visceral involve-

ment in early SSc) and pulmonary outcomes as surrogates 

for long-term outcomes such as survival. Therefore, in this 

chapter, drugs which effectively treat skin and lungs will 

be considered as DMARDs. When appropriate, reference 

will be made to other chapters discussing aspects of SSc 

management that might be considered disease-modifying 

treatment. On the other hand, treatments that are purely 

local and thus are very unlikely to have visceral effects will 

not be considered.

The recommendations outlined for treatment with 

DMARDs will include such evidence as is available, described 

transparently. As DMARDs are clearly not without adverse 

effects and because patients consider adverse effects as the 

arbiter of whether or not to use a DMARD (Hauber et al, 

2011), a tabulation of general toxicity will be included early 

in this chapter. This will be followed by data on therapeutic 

targets oriented towards the pathogenesis of SSc (immune 

involvement, vasculopathy and fibrogenesis). At the end of 

the chapter a management algorithm will be described.

Adverse events
We will first describe selected serious toxicities associated 

with the drugs used to treat SSc overall. Table 1 describes 

the toxicities requiring discontinuation of medication, 

change of dosage or additional treatment. The selected 

drugs are those that are most likely to be used in treating 

SSc. As can be seen, there are some differences among these 

drugs. For example, azathioprine, imatinib and mycophe-

nolate are associated with more gastrointestinal side effects, 

while azathioprine and methotrexate are more associated 

with hepatic adverse events. Haematological adverse events 

and malignancies are more frequently associated with 

cyclophosphamide, while imatinib (oedema), rapamycin 

AQ2

35
Management of systemic 
sclerosis with disease- 
modifying antirheumatic 
drugs

Sindhu R Johnson, Daniel E Furst
AQ1

Learning objectives:

•	 To understand the data that support the use of disease-modifying antirheumatic drugs (DMARDs) 

used in treating systemic sclerosis (SSc).

•	 To be aware of those DMARDs which are not the best to use for treating SSc.

•	 To learn an algorithm which can be used to treat SSc with DMARDs.
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1

(hyperlipidaemia), tocilizumab (hyperlipidaemia) and 

interferon γ (cytokine reactions) are associated with some-

what unique toxicities.

Although these toxicities will not be explicitly included 

in our recommendations, they certainly need to be included 

in any decision about management of SSc with DMARDs.

Evidence for treatment
Table 2 describes potential treatments oriented towards 

pathogenetic aspects of SSc.

Immunosuppressive therapy

Positive trials: controlled trials
Methotrexate

Data from three observational studies suggest that meth-

otrexate confers a beneficial treatment effect (Bode et al, 

1990; van den Hoogen et al, 1991; Seibold et al, 1994). These 

studies were followed by a 24-week randomised, place-

bo-controlled, double-blind trial (van den Hoogen et  al, 

1996). Twenty-nine patients with SSc were randomised to 

receive methotrexate 15 mg injections weekly or placebo. 

Table 1 Selected toxicity*.

GI Heart Hepatic Malignancy Integument Other

Azathioprine 3+ 1+ 2+ ± 1+

Cyclophosphamide 1+ 3+ 1+ 1+ 1+

Imatinib 4+ ± ± ± ± 4+ (oedema)

Methotrexate 2+ 1+ 2+ ± 1+

Mycophenolate 
mofetil

3+ 1+ ± ± 1+

Rapamycin 1+ 1+ 1+ ± 1+ 4+ (lipids)

Rituximab ± 1+ ± --- 3+

Interferon γ 2+ ± 1+ --- 1+ 4+ (cytokines)

Tocilizumab 1+ ± 1+ ± ± 1+ (lipids)

*Toxicity defined as requiring discontinuation, change or added treatment.
Selected medications based on usage, not necessarily strength of evidence; 1+ least frequent, 4+ most frequent for listed drug; ± not clear if 
increased.
GI, gastrointestinal.
Based on studies in reference list.

Immunotherapy Vascular Fibrogenesis/collagen

Well-controlled trials Positive
Cyclophosphamide
Methotrexate
Mycophenolate mofetil

See chapter 22

Negative
Type 1 collagen
Interferon α
Anti-TGFβ
Tocilizumab

Negative
N-acetylcysteine
Relaxin

Controlled trials Positive
Rapamycin
Ciclosporin stem cell transplantation

Negative
Azathioprine
Phototherapy (+/−)

Uncontrolled trials 
and case series

Interferon γ
Intravenous immunoglobulins
Rituximab

See chapter 22 Imatinib

TGFβ, transforming growth factor β.

Table 2 Targets of treatment.
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A favourable response was defined as an improvement 

in the 26 site total skin score by ≥30%, carbon monoxide 

transfer factor (TLco) by ≥15%, or of the general well-

being Visual Analogue Scale score by ≥30%. At 24 weeks, 

8/17 (53%) of the methotrexate-treated patients had a 

favourable response, compared with 1/12 (10%, p=0.03) of 

the patients receiving placebo. Pope et al (2001) conducted 

a second multicentre, randomised trial of methotrexate 

in patients with SSc with diffuse disease and <3 years’ 

disease duration. Compared with the placebo group, the 

methotrexate group had a mean reduction in 12-month 

modified Rodnan skin score (mRSS) of −4.9 (95% CI 

-11.9 to 2.2; p=0.18), University of California Los Angeles 

(UCLA) skin score of -2.2 (95% CI −5.2 to 0.8, p=0.15) 

and physician global assessment of –1.3 (95% CI –2.7 to 

–0.1, p=0.04). The data suggest that methotrexate has a 

beneficial effect, but the study was unable to recruit suffi-

cient numbers of patients and was underpowered to detect 

a statistically significant difference. Bayesian reanalysis of 

the trial of Pope et  al indicates that the probability that 

methotrexate confers a beneficial treatment effect on 

mRSS is 94%, UCLA skin score is 96% and physician 

global assessment is 88% (Johnson et al, 2009).

Bottom line: Although the treatment effect is small, 

methotrexate improves SSc skin involvement.

Cyclophosphamide

Adequate data show that cyclophosphamide is effective 

for both lungs and skin in patients with SSc, although this 

drug is not a panacea (Roth et al, 2011). It is modestly effec-

tive for the treatment of interstitial lung disease of SSc as 

measured by forced vital capacity (FVC) % predicted and 

clearly and clinically significantly more effective than 

placebo for patient-reported outcomes such as dyspnoea, 

function and vitality. The above-mentioned trial of oral 

cyclophosphamide versus placebo in 158 patients showed 

clear statistical differences, whereas a trial of intravenous 

cyclophosphamide plus azathioprine showed a trend in a 

much smaller group of patients (Hoyles et al, 2006).

Bottom line: Cyclophosphamide is preferred drug in SSc 

interstitial lung disease and possibly for the skin also. 

Negative or equivocal trials: controlled 
trials
Azathioprine

Azathioprine is not infrequently used. A registry survey 

of 1349 patients with SSc in the German Systemic Sclero-

derma Network showed that 499 patients were receiving 

immunosuppressant agents, of whom 21.8% were receiving 

azathioprine (Hunzelmann et  al, 2009). This non-specific 

immunosuppressive drug was tested in an open, randomised 

study comparing 30 patients taking cyclophosphamide 

with 30 patients taking azathioprine (Nadashkevich et  al, 

2006). Treatment of patients was started with background 

prednisone, which was tapered off by 6 months, and the 

trial continued for 18 months. The authors documented 

improved responses in skin score and stabilisation of 

pulmonary function tests in the cyclophosphamide group 

while the skin and lungs of the patients receiving azathi-

oprine worsened. This indicated a lack of effectiveness for 

azathioprine versus cyclophosphamide, although the study 

was small and open label. This is somewhat different from 

the use of azathioprine in interstitial pulmonary fibrosis, 

where pulmonologists commonly use azathioprine.

Bottom line: There is little to support the use of azathio-

prine in SSc. 

Interferon a

A double-blind, randomised trial of interferon α was discon-

tinued before recruitment was complete because there 

was difficulty in recruiting and there appeared to be little 

chance of a positive response (Black et  al, 1999). Among 

35 patients, there was no difference in improved skin 

score (p=0.36), there was a greater decrement in diffusing 

capacity in the interferon group than placebo (p<0.01) and 

there was no decrease in skin collagen from skin biopsies 

in patients treated with interferon α. This is very different 

from initial studies with interferon γ (see below).

Bottom line: Interferon α has no place in the treatment 

of SSc.

Phototherapy

Studies of skin biopsy specimens before and after ultravi-

olet A irradiation phototherapy in four patients with SSc 

indicated that it affected CD34+ cells, vascular endothelial 

growth factor and angiogenesis (Breuckmann et  al, 2004a). 

Ultraviolet A irradiation has been use in limited case series, 

totalling 29 patients with SSc; treatment was for acral scle-

rosis (Breuckmann et al, 2004b). Psoralen plus UVA (PUVA) 

photochemotherapy, which involves both phototherapy and 

use of oral chemo sensitising drugs, was studied in eight 

patients, with apparent skin response (Breuckmann et  al, 

2004a). In a randomised, double-blind, placebo-controlled 

trial of 64 patients with SSc, PUVA was given for 2 days a 

month for 12 months. Skin improvement was greater in the 

PUVA-treated patients than in the placebo group, although 
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the difference was not statistically significant. Joint counts 

improved more in the phototherapy group than the placebo 

group (p<0.01).

Bottom line: The encouraging, although not statistically 

significant, differences in the skin for the PUVA group 

indicate that further trials are justifiable for the skin in SSc 

(Knobler et al, 2006). It is not appropriate for use in SSc at 

this time. 

Transforming growth factor β1

Transforming growth factor β1 (TGFβ1) is a potent profi-

brotic factor in the skin and in gene profiling studies 

(Denton, 2007). A phase 1/2, double-blind, placebo-con-

trolled, dose-ranging study of an anti-TGFβ1 antibody was 

carried out in groups of 10 to 11 patients with early diffuse 

SSc over 24 weeks (Denton et al, 2007). Infusions of anti-

TGFβ1 antibody were up to 10 mg/kg, given approximately 

1 week apart for 4 weeks. Follow-up was for 48 weeks 

after the 1 month of infusions. All patients’ skin scores 

improved, including those of the placebo-treated patients, 

and although there was a trend towards a dose response, 

no statistical difference among doses was found. Likewise, 

adverse events, while more common in the anti-TGFβ1 

groups, did not show a clear dose response.

Bottom line: The results in this very small trial are nega-

tive or equivocal at best. This particular antibody does not 

seem to have a place in the SSc armamentarium. It is pres-

ently being tested in idiopathic lung fibrosis.

Oral type I collagen

Oral type I collagen has been tested in an attempt to induce 

specific T cell tolerance to collagen in SSc (Postlethwaite 

et  al, 2008). In 166 patients receiving placebo or 500 mg 

bovine type 1 collagen daily for 12 months, mRSS did not 

improve compared with placebo in the total population but 

did improve versus placebo in the patients with disease of 

3–10 years’ duration (p<0.01).

Bottom line: This was an overall negative study but raised 

the intriguing possibility that polarisation to collagen might 

be an effective treatment in a subgroup of patients. This is 

of interest because the collagen had few adverse effects.

Promising trials: controlled trials
Tocilizumab

Tocilizumab (TCZ) is an anti-interleukin 6 receptor 

monoclonal antibody and affects multiple aspects of inflam-

mation and immune modulation. In a phase 2, double-blind, 

randomised controlled trial, TCZ 162 mg subcutaneously 

weekly was compared with placebo over 48 weeks (Khanna 

et al, 2014a, 2016a). The primary outcome was mRSS, and 

secondary outcomes included FVC, Health Assessment 

Questionnaire Disability Index and joint tenderness. At 24 

weeks, a numerically favourable, but not statistically signif-

icant, effect of TCZ over placebo on mRSS was noted (–3.9 

vs –1.2; adjusted mean difference –2.7 (95% CI –5.85 to 

0.45). A numerically greater proportion of patients receiving 

tocilizumab achieved a clinically meaningful reduction in 

mRSS of ≥4.7 (43.2% (16/37) vs 26.3% (10/38); p=0.15). 

Exploratory analysis of change in FVC showed that FVC 

decline progressed more in patients receiving placebo than 

in those receiving TCZ, with ≥10% FVC decline (p=0.009). 

Adverse events (AEs)/serious AEs (SAEs) were reported in 

88.4%/20.9% of patients receiving TCZ and 90.9%/25.0% of 

those receiving placebo. Fewer non-infectious SAEs were 

reported in the TCZ arm (5 patients) than in the placebo 

(10 patients) arm, whereas infection/infestation SAEs were 

more common in the TCZ group than the placebo group (six 

patients vs one patient). Three patients in the tocilizumab 

arm and two in the placebo arm discontinued treatment 

owing to AEs. Two deaths occurred: pulmonary infection in 

a patient receiving tocilizumab on day 109 and heart failure 

in a patient receiving placebo, 131 days after withdrawal. 

Bottom line: Although the primary outcome in the phase 

2 trial was negative, secondary outcomes are encouraging 

(ie, lung). The phase 3 trial is awaited. 

Lysophosphatidic receptor 1 antagonist

Lysophosphatidic acid (LPA) has been implicated in the 

fibrotic, microangiopathic and immune-inflammatory 

pathways of SSc (Khanna et  al, 2014b). The safety and 

efficacy of SAR100842, an oral lysophosphatidic acid 1 

receptor antagonist, was evaluated in a 8-week placebo 

controlled phase 2 clinical trial. Evaluated in 32 patients 

with diffuse SSc of <36 months’ duration, the primary 

outcome was safety. At week 8, a non-statistically significant 

improvement was seen in the mRSS (median improvement 

–4.0 vs –1.0). SAR100842 was well tolerated with the most 

common adverse events being headache, arthralgia, fatigue 

and nausea.

Bottom line: Further exploration of this mechanism of 

action seems justified.

Observational studies
Antithymocyte globulin

Antithymocyte globulin (ATG) treatment is an effective 

method of general immunosuppression. There have been 
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limited, open-label trials in SSc using this treatment. One 

publication of three cases indicated good response in severe 

disease (Tarkowski and Lindgren, 1994). Another study of 

10 patients stated that skin improvement of ≥25% occurred 

in only two of the 10 patients; furthermore, one case of 

serum sickness and one severe allergic reaction required the 

drug to be discontinued in each case (Matteson et al, 1996). 

Finally, a pilot study of 13 patients given ATG followed by 

mycophenolate mofetil stated that the skin improved and 

there were no significant adverse effects (Stratton et  al, 

2001).

Bottom line: There may be a place for ATG in future 

clinical trials, but it is not appropriate at this time for the 

management of SSc.

Interferon g

Interferon γ inhibits collagen synthesis in normal dermal 

fibroblasts and in SSc fibroblasts (Vlachoyiannopoulos 

et  al, 1996). It has been used in a number of case series 

of patients with SSc. In one case series, 16 patients were 

treated with low- or high-dose intravenous immunoglob-

ulin (IVIg), achieving equivalent improvement in skin 

score. Severe stomatitis and ventricular tachycardia were 

noted. An open-label study of 20 patients showed a modest 

decrease in skin score; five of nine patients treated with 

interferon γ achieved a 20% reduction in skin score (still 

less than the minimally clinically important difference) 

and eight showed no appreciable change. Ten patients were 

withdrawn, seven for probable exacerbation of disease and 

three owing to side effects (constitutional symptoms and 

mild pancytopenia) (Polisson et al, 1996).

Bottom line: The lack of controlled trials and lack of 

reasonable responses, even in the uncontrolled setting, rule 

against recommending this drug for use in SSc.

Intravenous immunoglobulin

The mechanism of action by which immunoglobulin works 

is not known, although it may regulate Fc receptor func-

tion, interfere with complement activation, regulate cell 

growth and regulate T and B cell function (Arnson et  al, 

2009). It has been used in a number of rheumatic diseases, 

including rheumatoid arthritis, polymyositis and systemic 

lupus erythematosus (Braun-Moscovici and Furst, 2003). It 

has also been used in a few uncontrolled series of patients, 

totalling 58 patients with SSc (Baleva and Nikolov, 2011; 

Poelman et al, 2015). In most cases an improvement in skin 

was noted. There were apparently fewer side effects with 

doses of ≤2 g/kg a month on five consecutive days of dosing. 

A placebo-controlled trial evaluating the efficacy of IVIg on 

skin score is underway (ClinicalTrials.gov NCT01785056).

Bottom line: Too few data are available to recommend 

this treatment for SSc, although the uncontrolled data 

suggest that a controlled trial would be useful.

Mycophenolate mofetil (MMF) 

In a well-controlled trial of oral cyclophosphamide (CYC) 

versus mycophenolate mofetil (MMF), MMF was as effi-

cacious as oral CYC with a borderline better safety profile. 

The trial was a double-blind randomised controlled trial 

of 142 patients with diffuse SSc. CYC (up to 2 mg/kg) and 

MMF (up to 3 g daily) were compared for 1 year and then 

CYC was replaced by placebo and MMF was continued for 

a second year. The adjusted 24-month FVC % predicted 

improved by 2.17 (95% CI 0.53 to 3.84; p<0.01) and 2.86 

(95% CI 1.19 to 4.58; p<0.001) in the MMF and CYC 

groups, respectively, with no significant between-treatment 

difference (95% CI –3.06 to 1.67; p=0.24). Significant with-

in-treatment improvements from baseline in skin thickness 

score, dyspnoea and quantitative extent of whole-lung 

interstitial lung disease on high-resolution CT were also 

observed but no between-treatment differences were found 

for these measures. Toxicity generally favoured MMF with 

weight loss (non-significant) and leucopenia/thrombocyto-

penia (p<0.05) occurring more frequently in the CYC arm 

(Clements et al, 2015; Khanna et al, 2016b).

A recent abstract comparing IV and oral cyclophospha-

mide, using retrospective data, indicated similar efficacy for 

the two methods, admitting the inherent selection bias of 

such a study (Bruni et al, 2018).

Bottom line: Oral CYC and MMF seem equivalent for the 

lung and skin, with possibly a slight advantage for MMF 

with fewer adverse events. 

Rituximab

Studies describing the effect of rituximab on skin score are 

inconsistent. Two small observational studies have reported 

improvement in skin score with rituximab. One study reports 

nine patients with SSc who had a median reduction in skin 

score of 43% (range 21.1–64.0%) after 6 months (Bosello et al, 

2010). The other also reported a significant reduction in skin 

score at 24 weeks (p<0.001) in eight patients with SSc who 

received rituximab (Smith et al, 2010). In contrast, an obser-

vational study of 15 patients with SSc reported no change in 

mRSS between baseline and 6 months (mean change -0.37, 

p=0.82) and 12 months (mean change +0.9, p=0.83). In the 

latter study, the average FVC and TLco showed no significant 
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differences at 6 months (92.7% and 77.9% predicted, respec-

tively) compared with baseline (89.2% and 79.7% predicted, 

respectively) (Lafyatis et al, 2009). A proof of principle trial 

of 14 patients with SSc reported a significant increase in 

FVC in the rituximab group compared with baseline (mean 

68% at baseline vs 76% at 1 year, p=0.002) (Daoussis et al, 

2010). The median percentage improvement of FVC in the 

rituximab group was 10%, whereas there was a 5% deterio-

ration in the control group (p=0.002). At 1 year the mRSS of 

the group treated with rituximab improved by 39% and the 

control group mRSS improved by 21% (p=0.06) (Daoussis 

et al, 2010). The same investigators reported improvement of 

lung function and skin thickening over 2 years of rituximab 

treatment (Daoussis et al, 2012a).

Two case reports have reported improvement of calci-

nosis in patients with limited SSc (Daoussis et al, 2012b; de 

Paula et al, 2013). 

A small double-blind, placebo-controlled, randomised 

controlled trial, including only eight patients in each group, 

showed no effect on mRSS, although mRSS showed a trend 

towards improvement in both groups. There was also no 

difference in adverse events. The very small numbers in this 

trial mean that it provides only an approximate indication 

and should not discourage further trials (Ben Said-Bouyeri 

et al, 2016).

Bottom line: Observational studies and a very small 

controlled trial give mixed messages. Larger, controlled, 

randomised trials are needed. Two trials are currently 

underway, the first aimed at pulmonary hypertension but 

with secondary outcomes, including skin and other lung 

measures (Clinical Trials.gov NCT01086540). The second 

trial is evaluating rituximab versus intravenous cyclo-

phosphamide in connective tissue disease with associated 

interstitial lung disease (ILD), with FVC as the primary 

outcome (Clinical Trials.gov NCT01862926).

Stem cell transplantation

To date, several uncontrolled and two controlled studies of 

stem cell transplantation for the treatment of severe SSc have 

been carried out. The uncontrolled trials have been positive 

with good long-term results, improved skin, improved func-

tion and stabilisation of the lungs. Toxicity has been acceptable, 

although not minor, with 5–10% transplantation-related 

mortality. A small controlled trial was also positive but was 

flawed. One phase 2 controlled trial of stem cell transplanta-

tion versus high-dose cyclophosphamide treatment for SSc 

has been completed. It showed that the group treated with 

stem cells had fewer deaths and statistically less end-organ 

failure than the control, high-dose cyclophosphamide group. 

Transplant-related deaths occurred in 10% of the group 

undergoing stem cell transplantation, while disease progres-

sion occurred twice as frequently in the cyclophosphamide 

group (van Laar et al, 2014). A second trial, similar in design, 

will follow up patients for a longer period, but those results 

will not be available for several years. 

A second randomised trial comparing autologous 

haematopoietic stem cell transplantation (HSCT) with IV 

cyclophosphamide also showed that the HSCT was better 

than IV cyclophosphamide, using a combined measure of 

response. Toxicity, too, numerically favoured HSCT at the 

54-month end-point (Sullivan, 2018).

Bottom line: Two well-controlled studies showing effi-

cacy and one, somewhat flawed, supportive study have been 

carried out. Many outstanding questions remain about the 

best regimen to follow and how to manage patients for 

whom treatment has failed. However, stem cell transplan-

tation can be considered a proven treatment for selected 

patients with SSc.

Lung transplantation

Lung transplantation has been proposed as a potentially life-

saving option for patients with SSc and advanced lung disease. 

However, some centres deny access to patients with SSc owing 

to concerns about excess morbidity and mortality due to the 

extrapulmonary manifestations of SSc. A systematic review 

of the literature found short- and intermediate-term survival 

after lung transplantation in patients with SSc was compa-

rable to that in patients with idiopathic pulmonary arterial 

hypertension and ILD (Khan et  al, 2013). There were no 

reports of recurrence of SSc in the lung allograft (Khan et al, 

2013). A retrospective cohort study of 3763 adults under-

going lung transplantation in the USA (including 229 with 

SSc) reported an increased risk of 1-year mortality compared 

with patients with ILD (HR=1.48 95% CI 1.01 to 2.17) and no 

increased risk of 1-year mortality compared with pulmonary 

arterial hypertension (HR=0.85, 95% CI 0.50 to 1.44) (Bern-

stein et al, 2015). 

Bottom line: Patients with SSc with advanced lung disease 

should not be denied lung transplantation evaluation based 

on diagnosis, but should be considered case by case. 

Vascular treatment
A number of effective vascular treatments are available for 

the treatment of pulmonary hypertension in SSc and these 

treatments may also modify the disease. See chapter 22, 
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Pulmonary arterial hypertension associated with sclero-

derma.

Treatment affecting fibrogenesis/
collagen formation

Controlled trials
N-acetylcysteine

A single, early, randomised, double-blind, placebo-controlled 

trial of N-acetylcysteine (NAC) was carried out in patients 

with SSc over 1 year of treatment (Furst et  al, 1979). This 

small trial of 22 patients (11 per group) compared an average 

of 9.4 g daily NAC versus placebo. Gastrointestinal distress 

and rash led to discontinuation in three patients receiving 

NAC. The patients with SSc had long disease duration so 

the study end points (including skin score) did not change 

in either group during the 1-year study. No further studies in 

SSc have been completed. The drug has been used and shown 

to be effective in idiopathic pulmonary fibrosis. (Idiopathic 

Pulmonary Fibrosis Clinical Research Network, 2014)

Bottom line: NAC treatment is not recommended for 

SSc, although it is used by some for idiopathic pulmonary 

fibrosis.

Relaxin

Relaxin is a member of a superfamily of proteins with 

multiple effects on cyclic adenosine monophosphate. For 

SSc, in vitro relaxin, applied to normal dermal fibroblasts 

or scleroderma fibroblasts, leads to a marked decrease in 

collagen secretion and increased collagen degradation.

In a multicentre, prospective, placebo-controlled trial of 

239 patients with early diffuse SSc, this drug produced no 

effect on the mRSS or on patient-reported outcomes. There 

had been an earlier, phase 2 trial that showed some effect 

and it is not clear, even now, why this second trial failed. 

Dosing effects or duration of treatment might have been 

part of the problem. It is being studied in coronary artery 

disease but no further trials in SSc are underway (Seibold 

et al, 1998; Khanna et al, 2009).

Bottom line: Data do not support the use of relaxin for 

SSc.

Uncontrolled trials
Imatinib

Imatinib, in in vitro models, antagonises tyrosine kinases 

that mediate fibrotic pathways including c-Abl. c-Abl, in 

turn, is a mediator of TGFβ and platelet-derived growth 

factor receptors. Thus imatinib, via several pathways, inhibits 

Primary:

Some good

evidence

Cyclophosphamide

Methotrexate

Mycophenolate mofetil

Stem Cell Transplant

Usually in Clinical Trials

but used in some

circumstances

Rarely if ever to be

used except in clinical trials

Presently not

Recommended:

Negative or

unconvincing evidence

Rituximab

1. ATG,

2. Azathioprine,

3. Interferon gamma,

4. Imatinib,

5. Photophoresis,

6. Rapamycin

Alefacept, Basiliximab, TNF inhibitors

Secondary:

Modest,

uncontrolled

evidence

Tertiary:

Case reports or

equivocal data

Figure 1 Management algorithm. ATG, antithymocyte globulin; 

TNF, tumour necrosis factor. Note: therapeutic options are present-

ed in alphabetical order. The order does not imply a recommend-

ed order of use.

Summary points

•	 Methotrexate, cyclophosphamide and mycophenolate mofetil are the DMARDs best used for 

treating SSc, based on class A evidence. Stem cell transplantation may also be considered.

•	 Rituximab is being used although it should be in clinical trials as data supporting its efficacy and 

toxicity profile are not well documented.

•	 Other drugs and treatments, such as imatinib, IVIg, phototherapy, rapamycin ciclosporin, etc, 

are also being used but are not recommended as their efficacy and toxicity are based on small 

controlled studies, uncontrolled data or case series.
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fibrogenesis (Chung et  al, 2009). A number of published 

papers, all open-label studies, have described varying degrees 

of response to imatinib in SSc (Chung et  al, 2009; Denton 

et al, 2010; Gordon and Spiera, 2011; Khanna et al, 2011; Pope 

et al, 2011; Spiera et al, 2011). In six studies encompassing 

123 patients, 57 patients were involved in studies which were 

judged to be negative or toxic at the doses used; in these trials 

an attempt was made to reach 600 mg/day. In 63 patients in 

three studies, results were more positive. In these studies, the 

target dose appeared to be 400 mg/day. 

Bottom line: Imatinib is not ready for clinical use in SSc. 

It is clear that controlled studies are necessary.

Alefacept, basiliximab, pamidronate and tumour 

necrosis factor inhibitors have been considered for use in 

SSc, but there are too few data for comment (Manno and 

Boin, 2010; Phumethum et al, 2011).

Algorithm for management of SSc 
with putative DMARDs
The management algorithm shown in figure 1 does 

not include vascular treatments but incorporates the 

use of immunosuppressive and possible anti-fibrogenic 

compounds. These suggestions are based on a combina-

tion of the available data (controlled data being given more 

weight than uncontrolled data), toxicities and the likeli-

hood of response. Inevitably, clinical judgement will be 

needed and it is for that reason that the drugs are placed 

in blocks of treatment rather than associated with specific 

disease activity or severity (figure 1).
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Raynaud’s phenomenon (RP) is the first clinical symptom 

in most patients with systemic sclerosis (SSc) and ultimately 

present in virtually all of them. It is now, together with 

pulmonary arterial hypertension (PAH), one of the defining 

vascular features of SSc according to the new ACR/EULAR 

classification criteria for SSc (van den Hoogen et al, 2013). 

Perfusion to the fingertips is usually around 40-fold that 

required for oxygenation and nutrition and is thus viewed as 

an important mechanism in body thermoregulatory homeo-

stasis. Subintimal and adventitial fibrosis contributes to fixed 

architectural narrowing of the small artery, which impairs 

the ability of smooth muscle relaxers to achieve optimal 

vasodilatation. Limited data suggest that overexpression of 

a2 adrenoceptors occurs in the cold, but there are few data 

that suggest a primary abnormality in the responsiveness of 

vascular smooth muscle. RP in scleroderma is thought, in 

part, to reflect the hypersensitivity of the endothelial cells 

to vasoconstrictors, such as endothelin or angiotensin, and/

or the impaired production of endothelial derived vasodi-

lators, such as nitric oxide or prostacyclins. In secondary 

RP, vasospastic attacks are associated with structural and 

biochemical changes in the vessel wall, leading to episodic 

vessel occlusion (Huisstede  et al, 2011). In the majority of 

patients with SSc, it has been suggested that functional and 

stimulating antibodies to angiotensin II type 1 receptor and 

endothelin 1 type A may contribute to this abnormal sensi-

tivity of endothelial cells (Riemekasten et al, 2011; Becker 

et al, 2014). However, antibodies to other vascular receptors 

as well as several other as yet unknown, or only partially 

understood, mechanisms may also contribute to the patho-

genesis of secondary RP. Other features of SSc are the 

consequence of obliterative vasculopathy, including renal 

crisis, digital ulcers (DUs) and PAH.

Treatment of RP might be important for the preven-

tion of related complications, although this has not been 

proved for all vasodilators. Secondary RP is often accom-

panied by pain, dysaesthesia and loss of finger function; 

therefore, successful treatment of RP could reduce the 

burden of disease. Apart from a few lifestyle modifications, 

such as cessation of smoking and keeping the fingers and 

the body warm, several drugs dealing with different path-

ways are used for the treatment of RP and its complications  

(table 1). More expert groups around Europe are developing 

national recommendations or best practice pathways for the 

36 Vasodilators

Mike O Becker, Gabriela Riemekasten

Learning objectives

•	 To	know	the	main	classes	of	vasoactive	drugs	in	use	for	systemic	sclerosis	(SSc).

•	 To	have	some	knowledge	of	the	different	clinical	settings	(ie,	vascular	complications)	in	which	

vasoactive	drugs	are	used	in	SSc.

•	 To	be	able	to	assess	the	appropriateness	of	the	therapeutic	application	of	vasoactive	drugs	based	

on	the	evidence	available.

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Vasodilators

379

treatment of digital vasculopathy (Riemekasten et al, 2012; 

Hughes et  al, 2015). A flowchart illustrating the stepwise 

approach to treatment is given in figure 1. A recent anal-

ysis of more than 3000 patients with SSc from a national 

registry showed that vasoactive drugs were prescribed for 

only 61.1% of these patients, although vascular complica-

tions were common (Moinzadeh et al, 2016). 

Calcium channel blockers
Calcium channel blockers (CCBs) are the drugs of first 

choice, although adverse effects are common, including 

flushing or oedema (Herrick, 2011). Impairment of oesoph-

ageal motility leads to worsening of pyrosis and dysphagia 

and may contribute to aspiration problems. In addition to 

their vasodilating effects, CCBs are thought to have anti-

platelet and possibly, antioxidative effects (Allanore et  al, 

2004). Sustained release preparations are often better toler-

ated than short-acting ones and are preferred. CCBs are 

widely used; however, high doses of nifedipine up to 60 

mg a day have the best evidence for efficacy (Rademaker 

et  al, 1989; Opitz et  al, 2011). A meta-analysis of seven 

randomised, placebo-controlled studies enrolling patients 

with SSc, and a Cochrane review, revealed a significant 

Drug Drug class Dosing Target Frequent side effects, special 

notes

Iloprost Prostanoid 0.5–2 ng/kg bodyweight 
per min intravenous 
over 6 hours for 3–5 
days or more

RP, DU healing and 
prevention (not 
approved), PAH

Flushing, headache, nausea, GI 
symptoms, hypotension

Epoprostenol Prostanoid 2–5 ng/kg bodyweight 
per min intravenously 

PAH (approved) Flushing, headache, nausea, GI 
symptoms, hypotension

Treprostinil Prostanoid 2.5–42 ng/kg 
bodyweight per min 
intravenously

PAH (approved) Flushing, headache, nausea, GI 
symptoms, hypotension

Ambrisentan ET receptor 
blocker (ET-A)

5 or 10 mg/day PAH (approved) Peripheral oedema, liver function 
disturbances, anaemia

Bosentan ET receptor 
blocker (ET-
A/B)

62.5 mg two times a 
day orally for 4 weeks, 
thereafter 125 mg two 
time a day orally

Prevention of DU 
recurrence, PAH (both 
approved)

Peripheral oedema, liver function 
disturbances 

Macitentan ET receptor 
blocker (ET-
A/B)

1 x 10 mg/day PAH (approved) Peripheral oedema, liver function 
disturbances, anaemia

Nifedipine CCB Up to 4 × 20 mg/day 
orally or
10–40 mg two times a 
day (sustained release)

RP (not approved) Flushing, GI symptoms, 
palpitations

Sildenafil PDE-5 inhibitor 3 × 20/25 mg/day orally PAH (approved), RP 
and DU (not approved)

Flushing, GI symptoms, 
headache, avoid nitrates, 
concomitant use is 
contraindicated

Tadalafil PDE-5 inhibitor 10 mg every second day 
up to 40 mg/day

PAH (approved), RP 
and DUs (not approved)

Flushing, GI symptoms, 
headache, avoid nitrates, 
concomitant use is 
contraindicated

The targets mentioned here are only for recommendations with strength A/B, while other indications might have a lower strength of 
recommendations or lower evidence. 
CCB, calcium channel blocker; DU, digital ulcer; ET, endothelin; GI, gastrointestinal; PAH, pulmonary arterial hypertension; PDE, 
phosphodiesterase; RP, Raynaud’s phenomenon. 
(Adapted and modified from Opitz et al, 2011).

Table 1	 Evidence-based	treatment	options	of	vasculopathy	in	systemic	sclerosis	with	recommendation	strength	A/B	according	to	the	
EULAR	recommendations	(Kowal-Bielecka	et	al,	2017).
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reduction in the frequency and severity of RP attacks with 

CCBs, although CCBs may be more effective in primary RP 

(Thompson et al, 2001; Rirash et al, 2017). However, these 

effects are moderate at best, and only a minority of patients 

with SSc receive important clinical benefit. In addition, 

there is no proof that CCB treatment heals or prevents DUs 

(Thompson et al, 2001). EULAR has classified CCBs with 

grade 1B evidence in their recommendations for the treat-

ment of SSc (Avouac et al, 2009). Virtually no patients with 

SSc-associated PAH respond to CCBs. Those rare patients 

who do respond can be identified by right heart catheterisa-

tion and vasodilator testing. However, this is not routinely 

done in patients with SSc because the chance of successful 

long-term response to CCB treatment in vasoreactive 

patients—so called ‘responders’—is much less common 

than in idiopathic PAH. Most patients with SSc-associated 

PAH require other treatments, and in the few case reports 

showing a primary response to CCBs, patients subsequently 

needed further specific PAH treatments.

Angiotensin/ACE inhibitors
Angiotensin receptor activation seems to play a role in 

the vasculopathy of SSc and possibly in vascular fibrosis 

(Riemekasten et al, 2011). Angiotensin II receptor antago-

nists are widely used, based on the results of an open study, 

which showed that losartan reduced the frequency and 

severity of disease in patients with primary and secondary 

RP (Dziadzio et al, 1999). They may also be of benefit in 

the treatment of renal crisis and for myocardial dysfunc-

tion (Opitz et al, 2011). However, large placebo-controlled 

studies have not been carried out, and there are also case 

reports of renal crisis after starting treatment with angio-

tensin receptor blockers. ACE inhibitors are the preferred 

treatment for renal crisis. Suggested also in the update of 

the EULAR recommendations, they have dramatically 

improved survival rates in patients with this severe compli-

cation (Steen et  al, 1990; Kowal-Bielecka et  al, 2017). 

Combination treatment with angiotensin receptor blockers 

may further increase the effect of ACE inhibition, but this 

is unproved for renal crisis in SSc as no controlled studies 

on this rare complication have been carried out. In addi-

tion, there is no evidence for the prevention of renal crisis 

by treatment with ACE inhibitors or angiotensin II receptor 

antagonists. Although ACE inhibitors are used for the treat-

ment of RP, a double-blind, controlled trial analysing the 

effect of quinapril treatment for 2–3 years did not show any 

benefit for RP symptoms or DUs (Gliddon et al, 2007).

Figure 1	 Proposed	flow	chart	outlining	the	stepwise	approach	to	contemporary	management	of	digital	ulcers.	DU,	digital	ulcers;	PDE-5,	
phosphodiesterase	type	5;	RP,	Raynaud’s	phenomenon.	(Adapted	and	modified	from	Riemekasten	et	al,	2012;	Hughes	et	al,	2015).

Supplementary material BMJ Qual Saf

 doi: 10.1136/bmjqs-2019-009317–874.:866 0 2019;BMJ Qual Saf, et al. Rayan-Gharra N



     Vasodilators

381

Prostanoids and prostanoid-receptor 
agonists
Prostanoids are considered to be the most potent vaso-

dilators available (Galluccio and Matucci-Cerinic, 2011). 

Prostacyclin exerts a potent vasodilatation effect, and 

also has antiproliferative effects, inhibits platelet aggrega-

tion and shows anti-inflammatory effects (Galluccio and 

Matucci-Cerinic, 2011). Clinically, prostanoids can be 

administered orally, subcutaneously, intravenously or by 

inhalation (Opitz et  al, 2011). For the treatment of PAH, 

intravenous epoprostenol (very short half-life), treprostinil 

(half-life of 2–4 hours) and the stable prostacyclin analogue 

iloprost are used. Subcutaneous and intravenous use in 

PAH treatment is limited by local site infections, catheter 

obstructions and infusion site pain. Inhaled iloprost and 

treprostinil are better tolerated and have been shown to 

improve exercise capacity, haemodynamics and symptoms 

in patients with PAH, but do not deliver therapeutic levels 

to the systemic circulation (Opitz et al, 2011). The new and 

structurally unrelated prostanoid receptor agonist selex-

ipag was licensed by European authorities for the treatment 

of PAH with functional classes (FC) II–III. Selexipag was 

given in doses of between 200 and 1600 µg two times a day, 

and the trial showed efficacy of the drug as monotherapy 

or in combination with an endothelin receptor antagonist 

or phosphodiesterase type 5 (PDE-5) inhibitor (Sitbon et al, 

2015). Adverse events were similar to the side effects known 

for other prostanoids. 

For severe RP and critical ischaemia, intravenous 

iloprost is used as first-line treatment and is the mainstay 

of current management (Herrick, 2011); for this drug, 

two large placebo-controlled studies have shown an effect 

on RP (Wigley et  al, 1992, 1994). In these two studies, 

patients with DUs (n=11 and n=73, respectively) showed 

an improvement in DU healing (14.6% more patients 

responded with iloprost than in the placebo group) and 

a moderate effect on the prevention of new DUs (25% 

with iloprost treatment compared with 32.8% in the 

placebo group). In another study, iloprost was shown to 

reduce time to DU healing and the formation of new DUs 

(Rademaker et  al, 1989). A Cochrane analysis of seven 

randomised controlled studies favours iloprost compared 

with placebo for the treatment of RP (Pope et  al, 2000). 

Iloprost is often given in 3–5 day courses several times a 

year and most studies have used 2 ng/kg per min per day. 

In order to reduce side effects (headache, flushing, nausea, 

vomiting) and to improve efficiency, lower doses and/or 

longer infusion intervals have been advocated (Kawald 

et al, 2008). Another meta-analysis found that intravenous 

iloprost was effective for prevention of new DUs (Tingey 

et al, 2013). Treprostinil administered orally or locally by 

cutaneous iontophoresis improves blood flow in healthy 

volunteers and patients with SSc (Shah et al, 2013; Roustit 

et al, 2014; Gaillard-Bigot et al, 2016). A large trial failed 

to show an 

effect on reducing the net DU burden in SSc (Seibold 

et al, 2017). The new prostanoid receptor agonist selexipag 

was also not effective in reducing the number or duration of 

RP attacks (Denton et al, 2017). 

Iloprost is the best investigated drug for RP and DU 

healing, and this is reflected in the EULAR recommen-

dations, which give iloprost a strong A recommendation 

(Kowal-Bielecka et al, 2017). In routine care, application of 

iloprost is often limited by the need for IV infusion over a 

prolonged period of time. This drawback might be overcome 

by the development of a new portable syringe pump system 

that allows home infusion of iloprost, according to a recent 

pilot study (Fraticelli et al, 2017). There is no evidence for 

the efficacy of treprostinil, selexipag or intravenous alprost-

adil in the treatment of secondary RP (Huisstede et al, 2011; 

Denton et al, 2017).

Endothelin receptor antagonists
Endothelin (ET)-1 is a potent vasoconstrictor in both the 

systemic and pulmonary vascular beds in humans and has 

effects on vascular remodelling and fibrosis. ET is over-

expressed in the skin of patients with SSc and is thought to 

be a potential element in SSc pathogenesis (Vancheeswaran 

et al, 1994). Both selective and non-selective ET-1 receptor 

blockers are approved for the treatment of SSc-associ-

ated PAH. According to the European guidelines for the 

diagnosis and treatment of pulmonary hypertension, 

ET receptor antagonists (ETRAs) are listed as first-line 

treatment together with phosphodiesterase inhibitors or 

prostanoids. Bosentan was the first ETRA to be approved 

for the treatment of patients with PAH for WHO FC II 

and III. Ambrisentan, a more selective ETRA for the type 

A receptor, is also approved for SSc-associated PAH (FC 

II and III) at a dose of 5–10 mg once daily. Macitentan, a 

second dual receptor antagonist (blocking ET type A and 

B receptors) has been licensed by the European Medicines 

Agency for the treatment of PAH with a daily dose of 10 

mg. Macitentan has been shown to be effective in reducing 

clinical worsening of PAH in patients with FC II and III 

(including SSc-PAH) (Pulido et al, 2013). There is evidence 

that patients with SSc-PAH benefit from dual treatment, 
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particularly those whose condition deteriorates with 

monotherapy (Johnson et  al, 2012). The combination of 

ambrisentan 10 mg/day and tadalafil 40 mg/day was shown 

to be better than the pooled monotherapy group in patients 

with connective tissue disease-associated PAH (Coghlan 

et al, 2017). In addition, data from two retrospective anal-

yses now suggest that ETRAs as an initial monotherapy 

for PAH in SSc may be inferior to other first-line agents 

(Kuwana et al, 2013; Lammi et al, 2016). 

For the treatment of DUs, only the non-selective ET 

A/B receptor blocker bosentan is approved, although two 

small studies suggest some efficacy also for ambrisentan 

(Chung et  al, 2014; Bose et  al, 2015). Two large place-

bo-controlled studies in patients with a history of DUs (n 

= 77 in RAPIDS-1) or with active DUs (188 patients with 

SSc in RAPIDS-2) as well as a meta-analysis have shown 

the efficacy of bosentan in preventing the generation of 

new DUs (Korn et  al, 2004; Matucci-Cerinic et  al, 2011; 

Tingey et  al, 2013). In these studies, bosentan did not 

promote DU healing. A number of small non-controlled 

studies suggest that ET blockers have an effect on RP, 

skin fibrosis or microvasculopathy, but this has not been 

proved. The only randomised controlled study on bosentan 

and RP failed to show significant effects, although some 

data confirm that bosentan has a significant influence 

on blood flow in patients with SSc (Nguyen et  al, 2010; 

Meijs et al, 2015). Therefore, bosentan is the drug with the 

best evidence to prevent DUs. According to the EULAR 

recommendations, bosentan should be considered in 

patients with SSc and recurrent DUs (Avouac et al, 2009). 

The effect is greatest in patients with a high ulcer burden 

and in non-smokers. A combination with a PDE-5 inhib-

itor might further enhance the effect of bosentan on RP 

and parameters of capillaroscopy, as shown by a retrospec-

tive analysis (Bellando-Randone et al, 2016). The effects 

seen with bosentan, however, might not be a class effect 

of selective ETRAs as macitentan failed to show an effect 

on DUs in two randomised controlled trials (Khanna et al, 

2016). 

The most common side effects of ETRA include periph-

eral oedema, headache, nasal congestion, nausea and liver 

function abnormalities. Although liver toxicity is lower with 

selective ETRAs and macitentan, monthly monitoring of liver 

function (transaminases) is recommended by most regula-

tory agencies for all ETRAs. Several important drug–drug 

interactions—for example, with ciclosporin A, contraceptive 

drugs and warfarin, should be considered, and the concom-

itant use of ciclosporin A with bosentan is contraindicated.

Phosphodiesterase inhibitors
Phosphodiesterase inhibitors are approved for the treat-

ment of PAH in WHO FC II and III, and for this indication 

they can also be given to patients with SSc. Sildenafil is 

approved at a dose of 3 × 20 mg/day and up-titration 

beyond 3 × 20 mg is often needed (Opitz et  al, 2011). 

In clinical trials and according to experience in expert 

centres, long-term efficacy was shown with up to 3 × 80 

mg daily (Opitz et al, 2011). For the treatment of SSc-asso-

ciated PAH, oral tadalafil at 40 mg once a day is also used 

and in combination with the ETRA ambrisentan has been 

shown to be better than pooled monotherapy (Coghlan 

et al, 2017)

PDE-5 inhibitors are also being increasingly used 

in patients with severe RP who do not respond to other 

treatments and there is increasing evidence for their effi-

cacy (Herrick et al, 2011). A randomised controlled trial 

and a placebo-controlled crossover study (with “add-on 

design”) proved the efficacy of tadalafil (20 mg once a day 

or on alternate days) to reduce RP attacks, severity and 

duration, although an earlier study failed to show signi-

ficant effects (Schiopu et  al, 2009; Shenoy et  al, 2010). 

The efficacy of PDE-5 inhibitors has been confirmed in 

a meta-analysis (Roustit et al, 2013). In addition, the two 

studies with positive results showed a beneficial effect on 

DU healing and prevention, and this was also confirmed 

in a meta-analysis (Tingey et  al, 2013). Given orally in 

doses of 50 mg twice a day, which are not identical to the 

(higher) doses used for the treatment of PAH, sildenafil 

reduced RP as shown in one placebo-controlled study, 

and the modified release form of sildenafil (100 mg once 

daily) also effectively reduced RP attacks (Fries et al, 2005; 

Herrick et  al, 2011). An open, uncontrolled study using 

maximally tolerated sildenafil doses also indicated that it 

reduced the DU burden in patients’ refractory to intra-

venous iloprost treatment, and a second open study noted 

beneficial effects on RP and DUs (Brueckner et al, 2010; 

Kumar et al, 2013). Recently, the results from a controlled 

trial were published that compared sildenafil 20 mg/

three times a day with placebo for 12 weeks. Although the 

primary end point (healing of DUs) was not met, there 

was a significant reduction of DUs after 8 and 12 weeks 

(Hachulla et  al, 2016). Another PDE-5 inhibitor, varde-

nafil (10 mg twice a day), reduced RP in patients with 

limited SSc (Caglayan et al, 2012). 

Taken together, oral PDE-5 inhibitors, especially tada-

lafil, but also sildenafil and vardenafil, have proved to be 

efficacious for RP and DUs, but none of these drugs is 
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licensed for this use by the European Medicines Agency. 

Hence, it has to be considered that ‘off label’ use of PDE-5 

inhibitors is not reimbursed by all insurance companies 

among various European countries, Therefore, its use 

requires an individual case-by-case decision and approval 

to be covered by the insurance companies. However, in 

the updated EULAR treatment recommendations, PDE-5 

inhibitors are recommended for treatment of RP and DUs 

in SSc (Kowal-Bielecka et  al, 2017). The most important 

side effects of PDE-5 inhibitors include headache, flushing, 

epistaxis, dyspepsia and diarrhoea. The concomitant use of 

nitrates is contraindicated.

Guanylyl cyclase stimulators 
(riociguat)
Another new class of drugs that has been licensed for the 

treatment of PAH is a stimulator of the soluble guanylyl 

cyclase enzyme that mediates relaxation of blood vessels 

in response to nitric oxide via cyclic guanylyl monophos-

phate. The first drug of this class, riociguat, has been shown 

to improve clinical parameters similarly to other drugs in 

PAH and is licensed for use in patients with SSc-PAH of FC 

II and III at a dose of 1–2.5 mg (three times a day) (Ghof-

rani et al, 2013). The beneficial effect has also been shown 

for connective tissue disease-associated PAH, where 2-year 

survival rates were identical to those for patients with idio-

pathic PAH (Humbert et  al, 2017). A phase 2 study will 

investigate the efficacy and safety of riociguat in patients 

with diffuse SSc beyond PAH (Distler et al, 2017). 

The most common side effects with riociguat are head-

ache, dizziness, dyspepsia, peripheral oedema (especially 

of the ankles and feet), nausea, diarrhoea and vomiting. 

Serious side effects include haemoptysis and pulmonary 

haemorrhage. The drug must not be used in patients with 

severely reduced liver function, with systolic blood pressure 

<95 mmHg before starting treatment or during pregnancy. 

It must also not be used with PDE-5 inhibitors, nitrates or 

nitric oxide donors.

α-Adrenergic inhibitors
There is conflicting evidence for the role of the a1-adrenergic 

inhibitor, prazosin (Huisstede et al, 2011). A Cochrane anal-

ysis of two randomised controlled trials suggests a moderate 

effect on RP of 1–3 mg prazosin per day. However, as a 

result of the reduction in blood pressure, side effects such as 

hypotension and orthostatic effects are common. Blockage 

of another adrenergic receptor, a2C, has been shown to be 

beneficial in cold-induced vasospasm in patients with SSc, 

but clinical data are still lacking (Wise et al, 2004; Herrick 

et al, 2014).

Treatments with low-grade evidence
In an open study, the selective serotonin reuptake inhib-

itor, fluoxetine, reduced the severity and frequency of RP 

(Coleiro et  al, 2001). This treatment may be better toler-

ated in patients prone to vasodilatory side effects (Herrick, 

2011). A significant proportion of patients with SSc have 

secondary depression, and this drug may also improve 

their mental state. The updated EULAR treatment recom-

mendations mention fluoxetine as a treatment that might 

be considered for RP in SSc (Kowal-Bielecka et al, 2017). 

Evidence for the effectiveness of ketanserin, a serotonin-2 

receptor blocker, for the treatment of secondary RP is 

conflicting (Huisstede et  al, 2011). Prolongation of the 

cardiac QTc interval led to suspension of clinical trials.

Topical nitrate treatment is not widely used but is being 

‘revived’ using new formulations of glyceryl trinitrate. 

MQX-503, a novel topical nitrate, was studied in a large 

placebo-controlled study of 219 patients conducted over 

4 weeks (Chung et al, 2009). The mean Raynaud’s Condi-

tion Score was reduced by 14.3% compared with 1.3% in 

the placebo group, and the effect in patients with secondary 

RP was lower than in patients with primary RP. In another 

study with MQX-503, a significant improvement in blood 

flow was seen (Hummers et al, 2013). Conventional glyc-

eryl trinitrate (2% w/w) can also improve digital blood flow 

in SSc (Hughes et al, 2017). Topical nitrate treatment may 

be an attractive option; however, further studies are needed 

to prove efficacy and the use of topical nitrates is often 

constrained by systemic side effects such as headache and 

hypotension.

No controlled studies have analysed the effect of sympa-

thectomy. Digital sympathectomy should be considered for 

patients unresponsive to all of the above measures. This is a 

specialist procedure performed only in certain centres.

Statins can exert a number of effects. For example, 40 mg 

atorvastatin was found to be beneficial in the prevention 

and healing of DUs (Abou-Raya et al, 2008). However, the 

evidence is insufficient to recommend statins as standard 

treatment for primary or secondary RP, although a recent 

literature review of in vitro, animal and human studies 

found that most data confirmed that they have a beneficial 

effect (Herrick, 2011; Ladak and Pope, 2015).
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Botulinum toxin has shown beneficial effects in a 

small case series in patients with digital ischaemias in a 

small uncontrolled, prospective study (Uppal et al, 2014). 

A systematic review of the efficacy of botulinum toxin A 

found that injection of 10–100 units improved pain and 

reduced ulceration in all studies, although the studies had 

many limitations (Iorio et  al, 2012). Another placebo- 

controlled study using 250–2000 units of botulinum toxin 

B reported reduced pain, increased blood flow and fewer 

DUs with this drug, especially in higher doses (Motegi et al, 

2017). However, a randomised, placebo-controlled (one 

hand placebo, one hand verum) trial evaluating the injec-

tion of 50 units of botulinum toxin A in 40 patients with 

SSc showed only small effects of clinically questionable 

importance (Bello et  al, 2017). Hence, this form of treat-

ment requires further evaluation before it can be widely 

recommended (Herrick, 2011).

Patients with SSc have increased platelet activation and 

aggregation, thus providing a good theoretical rationale 

for using antiplatelet treatment and heparin (Denton et al, 

2000). In a small prospective placebo-controlled study, long-

term low molecular weight heparin improved RP (Denton 

et  al, 2000). Studies analysing the effects of antiplatelet 

agents, such as aspirin, were likely underpowered. There-

fore, it seems reasonable to prescribe antiplatelet treatments 

or low molecular weight heparin in patients with critical 

ischaemia. However, a recent open-label, proof-of-concept 

study in a small number of patients with SSc associated the 

use of clopidogrel with worsening of functional  endothelial 

markers and the occurrence of DUs (Ntelis et  al, 2016). 

In patients with SSc-PAH, anticoagulation with warfarin 

seems not to be beneficial or even harmful as shown by data 

from two SSc-PAH registries (Olsson et  al, 2014; Preston 

et al, 2015).

Summary points

•	 Despite	low	efficacy	and	side	effects,	calcium	channel	blockers	are	still	the	first	choice	for	the	

treatment	of	Raynaud’s	phenomenon	(RP).

•	 ACE	inhibitors	(or	angiotensin	receptor	antagonists)	are	often	successfully	used	for	the	preven-

tion	and	treatment	of	renal	crisis,	although	formal	evidence	to	support	their	use	is	sparse.

•	 Prostanoids,	especially	iloprost,	are	considered	the	most	potent	vasodilators	available,	and	are	

frequently	used	to	treat	severe	RP	and	critical	digital	ischaemia.

•	 Endothelin	receptor	antagonists	are	an	established	treatment	for	pulmonary	arterial	hyperten-

sion	(PAH),	and	bosentan,	in	particular,	is	effective	(and	licensed)	for	the	prevention	of	digital	

ulcers	(DUs).

•	 Apart	from	an	established	role	in	PAH	treatment,	phosphodiesterase	type	5	inhibitors	are	also	

recommended	for	the	treatment	of	RP	and	(refractory)	DUs,	but	their	use	is	still	off-label.

•	 Combination	treatments	for	vascular	features	of	SSc	(RP,	PAH)	are	increasingly	evaluated	and	in	

PAH,	advance	combination	treatment	may	be	superior.	

•	 α-Adrenergic	inhibitors	may	exert	small	effects	on	RP,	but	good	data	are	lacking.

•	 Preliminary	 data	 support	 the	 potential	 use	 of	 statins,	 serotonin	 reuptake	 inhibitors,	

N-acetylcysteine	 and	 subcutaneous	 erythropoietin	 as	well	 as	 antiplatelet	 drugs	 or	 anticoagu-

lants,	but	these	data	need	to	be	confirmed	in	larger	trials.

•	 Topical	treatment	with	nitrates	or	iontophoresis	of	sodium	nitroprusside,	treprostinil	or	acetyl-

choline	could	be	an	option,	especially	with	regard	to	side	effects	or	in	refractory	cases.

•	 Surgical	treatments,	such	as	digital	sympathectomy,	are	considered	to	be	the	last	option	in	refrac-

tory	cases.

•	 Experimental	 approaches,	 such	 as	 autologous	 stem	 cell	 treatment	 or	mesenchymal	 stem	 cell	

treatment,	have	shown	some	beneficial	effects,	but	controlled	trials	are	needed	to	confirm	these	

findings.
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Subcutaneous recombinant human erythropoietin 

(150 IU/kg, three times a week for 2 weeks) was used in a 

single-centre study of 14 patients with DUs; six patients had 

complete remission and eight experienced partial remission, 

with >60% reduction in the size of the ulcers and an improve-

ment in the Health Assessment Questionnaire score (Ferri 

et al, 2010). However, larger, controlled studies are required.

Iontophoresis with vasodilators, such as sodium nitro-

prusside or acetylcholine, might also be an option in 

refractory cases (Herrick, 2011).

Intravenous N-acetylcysteine given every other week in 

doses of 15 mg/kg bodyweight for 5 hours/day reduced the 

number of DUs and stabilised the ulcer burden for several 

years. These data need to be confirmed in controlled 

settings (Opitz et al, 2011).

Autologous stem cell transplantation (ASCT) and 

cyclophosphamide have been shown to improve micro-

vasculopathy as detected by capillaroscopy. There are no 

controlled studies showing efficacy for RP and DU preven-

tion or healing. Although one study described capillary 

regeneration in the skin of patients with SSc after ASCT, 

this could not be confirmed in another study with a larger 

number of patients with SSc (Fleming et al, 2008; Daikeler 

et al, 2015). A small study comparing SSc-associated PAH 

with PAH related to other connective tissue diseases found 

no beneficial effects of immunosuppressant agents (mainly 

cyclophosphamide) for the treatment of SSc-associated 

PAH (Sanchez et al, 2006).

Future therapeutic directions
Transplantation of mesenchymal stem cells (locally or 

systemically) or an adipose tissue-derived stromal vascular 

fraction have shown some efficacy in patients with crit-

ical limb ischaemia or DUs refractory to other treatments 

(Christopeit et al, 2008; Lee et al, 2012; Takagi et al, 2014; 

Granel et  al, 2015). Significant effects on hand function 

and RP were also detected 1 year after treatment with a 

stromal vascular fraction derived from adipose tissue 

(Guillaume-Jugnot et  al, 2016). Stem cells from bone 

marrow or tissue, and peripheral blood cells with differ-

entiation potential, might be a future treatment option for 

these patients. 

Based on observations of the simultaneous presence of 

stimulating and agonistic autoantibodies directed at the 

angiotensin II type 1 and endothelin-1 type A receptor, 

early blockade of both receptors may be of advantage 

(Riemekasten et al, 2011).

Some case reports have described the successful treat-

ment of refractory DUs with a combination of PDE-5 

inhibitors and bosentan (Ambach et  al, 2009; Moinzadeh 

et  al, 2011). Similarly, a combination of iloprost with 

bosentan had beneficial effects on microvascular changes 

in capillaroscopy (Cestelli et al, 2017). Hence, a combina-

tion of different vasoactive drugs might be an option for 

refractory cases and might even be used to achieve a greater 

degree of prevention of DUs, but more and controlled 

studies are needed.
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Introduction
Haematopoietic stem cell transplantation (HSCT) is a 

treatment option for patients with poor prognosis diffuse 

cutaneous systemic sclerosis (dcSSc). This chapter provides 

an overview of the general principles of HSCT, its rationale 

and clinical application.

At the time of inception of the HSCT programme 

in autoimmune diseases in the mid-1990s, biological 

agents were not widely available, and the need for more 

effective treatments of severe rheumatic and other autoim-

mune diseases was pressing. Transplant studies in animal 

models of autoimmune disease and clinical observations 

of HSCT-induced remissions of autoimmune disease in 

patients with concomitant malignancy had lent support to 

the notion that autoimmune disease can be controlled by 

ablating the immune system. Since then, biological agents 

and new immunosuppressive drugs have reduced the need 

for radical treatments such as HSCT in most autoimmune 

diseases, albeit less so in dcSSc. Most biological agents have 

not (yet) shown convincing benefit in the few controlled 

clinical trials done to date.

Cyclophosphamide is the mainstay drug for severe SSc, 

including patients with dcSSc and limited cutaneous SSc 

with lung disease. Unfortunately, a substantial proportion of 

patients fail to respond to cyclophosphamide while others 

relapse after an initial response. Sustained drug-induced 

remissions are rare. 

Data from pilot studies, registry analyses, a small phase 

II, and two larger phase III randomised controlled trials 

have shown that HSCT used to escalate the dose of cyclo-

phosphamide to the extent of immune ablation is a powerful 

treatment modality for patients with poor-prognosis dcSSc. 

Patients with limited cutaneous SSc tend to have a better 

prognosis than patients with dcSSc, which is why they have 

been excluded from HSCT studies so far.

General principles of HSCT
HSCT was initially developed to fully replenish a host’s 

haematopoietic system after chemoablation/radioablation 

for malignant disorders. Similarly, in autoimmune disease, 

HSCT enables the use of high doses of immunosuppression 

to ablate the immune system, which can subsequently be 

restored by reinfusion of haematopoietic stem cells, essen-

tially ‘resetting’ the immune system. HSCT is a complex 

multistep medical procedure, consisting of a mobilisation 

37 Haematopoietic stem cell 
transplantation
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Learning objectives

•	 To understand the basic principles of haematopoietic stem cell transplantation (HSCT).

•	 To understand the rationale for treating selected patients with systemic sclerosis with HSCT.

•	 To know the pros and cons and indications for use of HSCT in systemic sclerosis.
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phase, a conditioning phase and the transplantation of 

haematopoietic stem cells (HSCs) (figure 1, box 1).

HSCs are a specialised type of stem cells, which can 

both self-replenish and provide progenitor cells for the 

 haematopoietic system. Autologous HSCT refers to use of 

the patient’s own HSCs, whereas allogeneic HSCT is the use 

of a healthy donor’s HSCs. Allogeneic HSCT has success-

fully been attempted in a handful of patients, but given the 

good results with autologous HSCT and the risk of graft-

versus-host disease posed by allogeneic HSCT, autologous 

HSCT is preferred. However, in select cases, allogeneic 

HSCT may be considered—for instance, after failure of 

autologous HSCT.

HSCs reside in the bone marrow and can be isolated from 

blood by mobilising them from the bone marrow (BM), 

with growth factors such as granulocyte colony stimulating 

factor (G-CSF) and/or cyclophosphamide, or by directly 

harvesting them via BM aspiration (which usually requires 

general anaesthesia); the use of BM in SSc has been rare and 

largely restricted to the paediatric setting. The use of G-CSF 

alone in the mobilisation regimen has been associated with 

a disease flare in autoimmune disease and is therefore not 

advocated. Combining G-CSF with immunosuppressive 

chemotherapy helps to prevent flares and improve yields 

of peripheral blood stem cells (PBSCs), resulting in a 

significant decrease of T cells in the PBSC harvest. There 

have been no systematic studies of the different types of 

mobilisation chemotherapy in autoimmune disease, but 

the vast majority of patients have received doses of cyclo-

phosphamide up to 4 g/m2. Care should be taken when 

mobilising cyclophosphamide in patients with SSc in view 

of reports of cardiac toxicity and fluid overload, leading to 

fatal outcomes. After mobilisation, PBSCs are harvested 

via leukapheresis. The mobilisation steps can take place as 

an outpatient procedure, although neutropenic fever may 

ensue which necessitates hospital admission, and in high-

risk cases in-hospital mobilisation may be preferred.

After acquiring the HSCs, the graft may be manipulated ex 

vivo in order to purify it for specific cells or eliminate unwanted 

cells in the graft. For example, selecting for CD34+ HSCs using 

a column, or elimination of lymphocytes with monoclonal 

antibodies, such as antithymocyte globulin (ATG). There is 

controversy as to whether or not graft manipulation is a critical 

component of HSCT. A recent retrospective analysis of data 

from 138 patients with SSc transplanted in 14 centres found 

no effect of CD34+ selection on outcomes, suggesting that 

CD34+ selection may not be essential (Oliveira et al, 2016). 

These findings remain to be confirmed; data from controlled 

trials in autoimmune disease are lacking and data on the effi-

cacy of CD34+ selection in other diseases are scarce. 

The next step in the transplant process is conditioning. 

This is the procedure used to ablate autoimmune effector 

cells in the patient by chemotherapeutic agents and/ or 

radiation. In addition to cyclophosphamide, antibodies to 

lymphocytes (ATG) are often used to deplete the immune 

system. The ‘healthy’ components of the haemato/immune 

system are mostly ablated, hence the need for the HSCT 

to restore immune function. Generally, the conditioning 

cannot be started immediately after apheresis, as the puri-

fied HSC graft has to be evaluated for quality and sterility, 

which may take several weeks.

Figure 1 Steps in the autologous stem cell transplantation pro-

cess (see main text). The duration of the steps is an estimate and 

can vary according to local protocols and patient factors. ATG, 

 antithymocyte globulin; G-CSF, granulocyte colony stimulating fac-

tor; HSC, haematopoietic stem cell.

Box 1 Stem cells

The term ‘stem cell’ does not represent a single 
cell type. Various types are recognised, including 
totipotent (able to develop into a complete indi-
vidual), pluripotent (able to develop into any tis-
sue type) and multipotent (able to develop into 
various subgroups of a tissue type). Pluripotent 
embryonal stem cells seem promising in preclini-
cal regenerative medicine studies. However, clin-
ical application of these cells is hampered owing 
to the risk they pose for teratoma development, 
and ethical aspects related to the isolation and 
use of embryonal stem cells. Adult or ‘postnatal’ 
multipotent stem cells have none of these prob-
lems and are used extensively in clinical practice. 
For example, haematopoietic stem cells are used 
extensively to fully replenish a host’s haemato-
poietic system after chemoablation/radioabla-
tion for malignant disorders.
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Various approaches to the conditioning have been 

used. Myeloablative conditioning is aimed at eradication 

of all HSCs, usually by means of busulfan and/or radia-

tion. The ensuing severe cytopenia requires HSCT or the 

patient would die from marrow failure. This particular 

form of HSCT has only rarely been used in SSc, which 

is regarded as a cyclophosphamide-sensitive disease. 

Rather, in SSc, non-myeloablative conditioning (eg, with 

high doses of cyclophosphamide) and reduced-intensity 

conditioning is applied. These are transplant regimens 

which do not result in irreversible cytopenia, and in the 

allogeneic setting prevent the donor graft from being 

rejected by the host. In both autologous and allogeneic 

transplants with non-myeloablative conditioning the 

main role of HSCT is to reduce the critical cytopenic 

period and hence toxicity, although some preclinical 

evidence suggests that high doses of CD34+ stem cells 

have immunomodulatory effects. 

After conditioning, the HSCs are infused. As the storage 

medium contains the cryopreservant dimethylsulfoxide 

(DMSO), side effects related to DMSO may develop, 

including nausea and vomiting, a specific odour and hyper-

sensitivity responses, with symptoms ranging from rash to 

anaphylactic shock.

After HSCT the haematopoietic and immune system 

slowly repopulate; haematopoietic reconstitution usually 

takes 11–14 days, but immune reconstitution may take 

months (eg, B cells) or even several years (eg, CD4 naive 

T cells) in adult patients. This necessitates intensive 

surveillance and prophylactic antibiotic and antiviral medi-

cation to prevent infections.

Rationale for the use of HSCT in SSc
Data from registry analyses and several phase I/II/III trials 

confirmed that HSCT in dcSSc is a powerful treatment in 

early dcSSc but also a double-edged sword with potential 

risks for the patient (table 1) (Binks et al, 2001; Nash et al, 

2007; Vonk et  al, 2008; Farge et  al, 2010; van Laar et  al, 

2015). Treatment-related mortality (TRM) of HSCT in 

dcSSc in the initial pilot studies ranged from 8% to 23%.

Fortunately, with growing experience, TRM has been 

reduced owing to better selection of patients and inten-

sive screening, monitoring and follow-up of transplanted 

patients with dcSSc. Improved selection procedures may 

also (partially) explain the excellent results from a single-

centre, controlled, randomised phase II trial in 19 patients 

with dcSSc. This study showed statistically significant supe-

rior effects of HSCT on the modified Rodnan skin score 

(mRSS; a validated measure of the extent of skin thick-

ening), lung function (forced vital capacity (FVC) but not 

carbon monoxide transfer factor (TLco)), and quality of 

life as measured by Short Form 36, at 12 months (Burt et al, 

2011). Most control patients who later underwent HSCT 

because of disease progression also benefited. Remark-

ably, no deaths occurred in either arm, suggesting that 

not all patients had a poor prognosis at baseline. In this 

study HSCT involved administration of cyclophosphamide  

Table 1 Efficacy outcomes of selected studies.

First 

author, year 

Year N Skin 

improvement 

Pulmonary 

improvement

Cardiac 

improvement 

Quality 

of life 

improvement 

TRM, 

N (%)

Farge et al, 
2010 

Phase I–II 
studies 

1996–
2002

57 Yes No N/A N/A 5 (8.8)

van Laar 
et al, 2014

ASTIS Trial 
phase III 

2001–
2009

156 Yes Yes (F)VC 
improved, 
HRCT did 
not show 
improvement

No Yes 8/79 
(10.1)

Burt, et al, 
2011

ASSIST Trial 
phase II 

2002–
2011

19 Yes No N/A Yes 0 (0) 

Burt, et al, 
2013 

Retrospective, 
includes phase 
II data from 
ASSIST

2006–
2009

90 Yes No, although 
FVC 
temporarily 
improved

N/A Yes 5 (6) 

Sullivan 
et al, 2018

SCOT Trial 
phase III

2005–
2011

75 Yes Yes N/A Yes 2/36 (6)

FVC, forced vital capacity; HRCT, high-resolution CT; TRM, treatment-related mortality; VC, vital capacity.
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2  g/m2 + G-CSF for mobilisation, cyclophosphamide 200 

mg/kg + rabbit ATG 6.5 mg/kg for conditioning, followed 

by reinfusion of unmanipulated autologous HSCs. The 

study was not designed to demonstrate a survival benefit 

and was too short to assess late effects. The same investiga-

tors subsequently confirmed the feasibility and efficacy of 

HSCT in two cohorts of 90 patients with SSc, five of whom 

died owing to the treatment (Burt et al, 2013). 

The ASTIS (Autologous Stem cell Transplantation 

International Scleroderma) Trial was the first phase III 

trial to show a significant survival benefit of HSCT for 

patients with poor-prognosis dcSSc as compared with 

intravenous cyclophosphamide (van Laar et al, 2014). The 

international ASTIS Trial in Europe compared autolo-

gous HSCT (mobilisation with cyclophosphamide 2 × 2 

g/m2, G-CSF, conditioning with cyclophosphamide 200 

mg/kg + rabbit ATG 7.5 mg/kg, followed by reinfusion of 

CD34+ selected autologous HSCs) with 12× intravenous 

pulse cyclophosphamide 750 mg/m2 in 156 patients with 

dcSSc and a maximum disease duration of 4 years since 

the first non-Raynaud’s sign. Strict eligibility criteria were 

defined to exclude those patients at risk of transplant- 

related complications (for example, those with evidence 

of pulmonary arterial hypertension, low TLco, poor left 

ventricular ejection fraction), and to maximise benefit in 

those with features of poor prognosis such as major organ 

involvement, high skin scores and systemic inflamma-

tion. During a median follow-up of 5.8 years, 53 events 

occurred: 22 in the HSCT group (19 deaths and 3 irrevers-

ible organ failures) and 31 in the control group (23 deaths 

and 8 irreversible organ failures). During the first year, 

there were more events in the HSCT group (13 events 

(16.5%), including eight treatment-related deaths) than in 

the control group (8 events (10.1%), with no treatment- 

related deaths). At 2 years, 14 events (17.7%) had occurred 

cumulatively in the HSCT group versus 14 events (18.2%) 

in the control group; at 4 years, 15 events (19%) had 

occurred cumulatively in the HSCT group versus 20 events 

(26%) in the control group. Time-varying HRs (modelled 

with treatment × time interaction) for event-free survival 

were 0.35 (95% CI 0.16 to 0.74) at 2 years and 0.34 (95% 

CI 0.16 to 0.74) at 4 years, consistent with better long-term 

survival in the HSCT group. Post hoc analyses of the influ-

ence of baseline patient characteristics on survival showed 

that non-smokers benefited most from HSCT. HSCT was 

also associated with better efficacy on skin thickening, 

vital capacity, functional ability and quality of life, albeit 

at the expense of a modest drop in creatinine clearance, 

and a greater number of serious adverse events and viral 

infections in the first year.

The North American SCOT (Scleroderma Cyclophos-

phamide or Transplant) Trial was the second phase III trial 

to underline the benefits of HSCT in dcSSc (Sullivan et al, 

2018). The transplant arm in this phase III trial included 

mobilisation with G-CSF, conditioning with cyclophospha-

mide 120 mg/kg, horse ATG 90 mg/kg, total body irradiation 

8 Gy with lung and kidney shielding, followed by reinfu-

sion of CD34+ selected HSCs. The control arm was almost 

identical to the one in the ASTIS Trial. Seventy-five patients 

were included, 36 received HSCT and 39 received IV cyclo-

phosphamide. Patients with dcSSc and pulmonary or renal 

involvement were eligible for participation. Patients with 

inadequate insurance coverage and severe organ involve-

ment were excluded. The primary endpoint was the ‘global 

rank composite score’ (GRCS), which is based on event-

free survival, change in FVC, change in Health Assessment 

Questionnaire-Disability Index and change in mRSS. For 

each component, each participant is compared with all the 

other participants and then assigned a ‘rank’. The sum of the 

ranks for each component leads to the GRCS (with higher 

scores representing more favourable outcomes). The GRCS 

was chosen as an endpoint because the trial was under-

powered to determine event-free survival owing to low 

recruitment rates, which led to adjustment of the primary 

endpoint and a new power calculation for the GRCS. 

At 54 months, the HSCT group had a significantly 

better GRCS than the control group (median 17 vs –6.0). 

The HSCT group was more likely to improve on all GRCS 

aspects than the cyclophosphamide group. In the inten-

tion-to-treat population there was no difference between 

groups in event-free-survival at 48 or 54 months. In the 

per protocol population there was a statistically significant 

difference at 48 and 54 months, which favoured HSCT (79% 

HSCT vs 50% control, p=0.02), although these numbers 

should be interpreted cautiously, because the SCOT Trial 

was underpowered to detect differences between groups 

for event-free survival. TRM was 3% in the HSCT arm at 

54 months and 6% at 72 months (two events). In subgroup 

analysis, smokers had a significantly worse GRCS than 

non-smokers in the HSCT group, which was also observed 

in the ASTIS Trial. 

The results of the ASTIS and SCOT Trials yielded 

important data on overall survival, event-free survival, 

disease-free survival, serious adverse events and long-term 

toxicity of HSCT versus standard chemotherapy in a rela-

tively high number of patients with early dcSSc. It can be 
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concluded that HSCT is an effective disease-modifying 

treatment for selected patients with poor prognosis.

The exact mechanism through which autologous stem cell 

transplantation (ASCT) can inhibit disease progression and 

even reverse some clinical features is unknown, but ASCT 

has been shown to act on all three hallmark features of SSc: 

inflammation, fibrosis and vasculopathy. After ASCT, levels 

of circulating proinflammatory and profibrotic cytokines 

were decreased and over the course of a few months, the level 

of Scl-70 antibodies was seen to decrease as well. Patients who 

have undergone ASCT were also shown to have less fibrosis in 

their skin biopsies, which provides a substrate for the reduc-

tion in mRSS seen in clinical studies. Other changes seen in 

skin biopsies include a decreased expression of inflammatory 

cytokine mRNAs and a return of normal vascular endothe-

lial markers, which were absent in the samples taken before 

ASCT. Finally, blood vessel formation after ASCT has been 

detected in both skin biopsies and nailfold capillaroscopy.

HSCT for SSc in clinical practice
HSCT is a complex procedure and should be undertaken 

only in specialised centres under supervision of experi-

enced haematologists and rheumatologists owing to the 

considerable risks associated with the procedure.

Patient selection and counselling
According to the European Group for Blood and Marrow 

Transplantation (EBMT) guidelines, HSCT can be consid-

ered as treatment for selected patients with early dcSSc and 

juvenile SSc (Snowden et al, 2012). Patients to be considered 

for HSCT include those with dcSSc with maximum disease 

duration 5 years since development of first non-Raynaud’s 

symptoms with a mRSS of at least 15 plus major organ 

involvement (with documented evidence of onset or clin-

ically significant worsening in the previous 6 months) as 

defined by at least one of the following: 

 • Respiratory involvement with a TLco and/or FVC <70% 

of predicted, and evidence of interstitial lung disease 

(chest X-ray and/or high-resolution CT scan).

 • Cardiac involvement with conduction disturbances, 

including second/third degree atrioventricular block, 

intraventricular conduction disturbance, left axis 

deviation, atrial or ventricular rhythm disturbance or 

pericarditis, as confirmed by cardiac ultrasound.

 • Renal involvement with proteinuria >0.3 g/24 hours, not 

explained by other causes than SSc.

Thorough and comprehensive screening of patients 

with SSc is critical in identifying patients at risk of serious 

morbidity and mortality. See box 2 for an overview of 

recommended screening investigations. Based on the clin-

ical experiences so far, patients with the following clinical 

features are considered at risk:

 • TLco <40%;

 • cardiac tamponade; severe myocardial fibrosis; 

uncontrolled arrhythmia;

 • age ≥60 years;

 • pulmonary arterial hypertension.

None of the above are absolute contraindications, but 

HSCT is generally not recommended in any of the above 

instances. Before HSCT, pacemaker implantation should 

be considered in those patients with SSc with ventricular 

arrhythmia.

An important side effect of HSCT is a significant risk 

of infertility and/or early menopause due to the doses of 

cyclophosphamide used. Another consideration is that 

HSCT requires strict adherence to medication and clinic 

appointments; known poor compliance or other (social) 

barriers to compliance may warrant further discussion and 

counselling of the patient. Finally, as smoking is strongly 

associated with negative outcomes, guidance on stopping 

smoking should be offered. 

HSCT as a treatment option is slowly gaining more atten-

tion and patients may have heard ‘miracle stories’ through 

patient support groups. It is essential to discuss the risk of 

TRM and to emphasise that HSCT is primarily aimed at 

halting disease progression rather than reversing it, even 

though such positive effects have indeed been seen. 

Box 2 Recommended screening studies

Pulmonary function testing

 ► ECG + 24-hour Holter monitoring.
 ►  Echocardiography: pressure in the 

pulmonary artery, left ventricle ejection 
fraction; heart catheterisation on indication.

 ► Viral serology.
 ► Blood count + T/B cell subsets.
 ► Blood chemistry.
 ► Chest X-ray examination.
 ► Chest HRCT.
 ►  Urine analysis: 24-hour clearance, urea, 

protein.

HRCT, high-resolution CT.
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During the HSCT process 
Clinicians should be aware that patients with SSc may be 

at risk of developing SSc-specific complications during the 

HSCT process. Aside from the complications commonly 

associated with HSCT—opportunistic infections, viral reac-

tivation and immune responses against ATG and DMSO, 

some other potentially fatal serious adverse events, such 

as heart failure and respiratory distress syndrome, seem to 

occur more commonly in transplanted patients with dcSSc. 

Intensive monitoring and close multidisciplinary collabora-

tion are therefore essential. 

Heart involvement may go undetected with a one-off ECG 

and routine echocardiography. Small vessel disease—a hall-

mark of SSc—when present in the heart may contribute to 

silent ischaemia, patchy fibrosis and consequently, ventric-

ular arrhythmia, while pulmonary arterial hypertension 

is a risk factor for right ventricular diastolic dysfunction. 

Occult cardiac involvement is common in patients with 

suspected pulmonary hypertension (Fox et  al, 2013) and 

this may explain why patients with dcSSc generally tolerate 

hyperhydration schemes less well than expected, often 

showing clinical signs of fluid overload. Therefore, use of 

modified hyperhydration schemes is advised, reducing the 

burden on the cardiovascular system and preventing fluid 

overload. Some experts have suggested that fluid challenge 

during right heart catheterisation might identify those at 

risk of complications of HSCT (Burt et  al, 2013) but this 

is not (yet) accepted standard practice in HSCT centres. 

Cardiac fibrosis can be quantified with MRI, but its useful-

ness in identifying patients at high risk of HSCT-related 

cardiotoxicity remains to be demonstrated. Prophylactic 

implantation of a pacemaker or implantable cardioverter 

defibrillator  should be considered in selected patients with 

dcSSc. Thus, dcSSc shares many features with systemic 

amyloid disease.

Lung involvement in dcSSc predisposes to respiratory 

insufficiency from cytokine release syndrome associated 

with administration of ATG or total body irradiation, while 

gut involvement sometimes requires parenteral nutrition 

with its attendant risks. In addition to close collaboration 

with experienced haematologists, cardiologists and pulm-

onologists, consulting paramedical specialties during 

admission—for example, dieticians, physiotherapists and 

social workers, is strongly recommended.

Summary points

•	 Haematopoietic stem cell transplantation (HSCT) is a multistep treatment of poor-prognosis 

systemic sclerosis (SSc) aimed at immunoablation, restoration of immune regulation and ulti-

mately, reversal of fibrosis. The clinical goal is long-term improvement of disease activity, quality 

of life and survival.

•	 The key components of autologous HSCT include procurement of a patient’s own haemato-

poietic stem cells (HSCs) by mobilisation from peripheral blood and leukapheresis, conditioning 

with immunoablative drugs and reinfusion of HSCs.

•	 Although identification of patients with a poor prognosis remains difficult, patients with dcSSc 

with progressive, active, early disease who are at risk of further functional disability and early 

mortality are considered eligible for treatment with autologous HSCT, as defined in the multi-

centre ASTIS and SCOT Trials.

•	 Treatment-related morbidity and mortality have been shown to be significant in patients with 

SSc undergoing HSCT and therefore is best done in expert centres. Patients should receive coun-

selling, and referring doctors need to be thoroughly aware of the risks and potential benefits of 

HSCT—as opposed to continued conventional treatment—to enable them to make an informed 

decision about the best treatment option in individual cases.

•	 All transplanted cases should be reported to the European Group for Blood and Marrow 

Transplantation Working Party on Autoimmune Diseases. Adherence to uniform transplant 

protocols and standardised lifelong follow-up in SSc referral centres are recommended.
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Follow-up 
Regular follow-up appointments are required until the 

CD4+ population has regenerated, usually at ±1 year after 

transplant. During the first months after transplantation, 

the risk of infectious complications is highest. Prophy-

lactic antibiotics and antiviral agents should be prescribed. 

Patients have to be counselled about infection prevention 

measures and ‘red flag symptoms’ that should prompt 

seeking medical assistance. Active and regular monitoring 

of Epstein-Barr virus and cytomegalovirus titres is vital to 

detect reactivation and prevent fatal complications.

Improvement in skin and other systems is usually first 

seen during the 3 months after transplantation and may 

continue to improve or plateau until up to 1 year after 

transplantation. If symptoms resolve, they often resolve in 

reverse order of appearance.
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Systemic sclerosis (SSc) is clinically heterogeneous, charac-

terised by multisystem disease with vascular, inflammatory 

and fibrotic components. Estimates of prevalence vary 

according to geographical region and ethnicity; however, it 

is generally accepted to be 1 per 10 000 individuals. Despite 

the absence of effective disease-modifying treatments, 

early diagnosis and systematic approach to the detection of 

cardiopulmonary complications and treatment have led to 

an improvement in survival rates over the past few decades 

(approximately 85% at 5 years). Although some cases are 

relatively mild, overall survival of patients with SSc remains 

considerably less than for age-, sex- and race-matched 

populations. This is largely related to the significant burden 

from major organ complications—in particular, pulmo-

nary fibrosis and pulmonary hypertension, both of which 

contribute to approximately 50% of total deaths. Patients 

with a diffuse subset appear to develop a greater number of 

major organ involvements than those with limited disease. A 

majority of the complications associated with SSc are slowly 

progressive. Pulmonary arterial hypertension (PAH) occurs 

in about 9–12% of patients with SSc. Studies suggest that the 

period from onset of first symptoms to the diagnosis of PAH 

may vary from 6 to 20 years. Joint involvement may be the 

initial manifestation of SSc, but its prevalence increases over 

the course of the disease and is the eventual manifestation in 

up to 97% of patients.

On the other hand, some of the major complications, 

such as renal crisis and cardiac disease, often present as 

acute emergencies and the associated mortality risk under-

lines the importance of increased recognition of these acute 

complications and the need for appropriate care and acute 

management. Even with the introduction of ACE inhibitors 

and dialysis, renal crisis is still associated with poor survival 

(50% mortality at 10 years). Other important reported causes 

of death include 19.7% cardiac disease, 16.8% interstitial 

lung disease and 13.1% pulmonary hypertension. The risk 

of death is significantly increased in patients with cardiac 

involvement (HR=3.15), with interstitial lung disease 

(HR=2.58), with pulmonary hypertension (HR=3.50) and 

38 Life-threatening conditions: 
emergencies in scleroderma

Voon H Ong, Christopher P Denton

Learning objectives

•	 To be aware of warning features of emergencies associated with scleroderma-related major 

organ complications.

•	 To appreciate clinicopathological causes specific to scleroderma for common acute medical pres-

entations in this disease.

•	 To understand that management of life-threatening complications in scleroderma may neces-

sitate specific life-saving therapeutic approaches and occasionally, conservative measures are 

necessary under some circumstances.
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with renal manifestations (HR=2.76). Moreover, patients 

who are admitted to hospital as an acute emergency have 

a nearly twofold increase in mortality compared with those 

who are electively admitted. Similarly, renal crisis and aspi-

ration among hospitalised patients are major determinants 

of mortality, with HR of 30.6 and OR of 41, respectively.

The purpose of this module is to review the acute emer-

gencies of SSc (figure 1). Some aspects of these will be dealt 

with in the specific modules related to SSc. The manage-

ment of some of these specific emergencies forms part of the 

evidence-based, consensus-derived recommendations for 

the treatment of SSc by the European League Against Rheu-

matism (EULAR) Scleroderma Trials and Research group 

(EUSTAR), which were recently updated (Kowal-Bielecka 

et al, 2017). Acute emergencies in SSc can be broadly classi-

fied into the following categories: acute decompensation of 

long-term complications, acute emergencies specific to SSc 

and other medical and surgical emergencies in SSc. Specific 

problems related to coexisting connective tissue diseases 

and pregnancy in SSc are also discussed.

Acute decompensation of long-term 
scleroderma complications

 • PAH

 • Lung fibrosis

 • Critical digital ischaemia

Pulmonary arterial hypertension
Acute emergencies related to decompensation of PAH may 

manifest as chest pain, right ventricular failure, sepsis, 

arrhythmias and haemoptysis, in addition to specific mani-

festations pertaining to surgery, anaesthesia and pregnancy 

(Le Pavec et al, 2010). As a consequence of increased after-

load, left untreated, right ventricular failure and premature 

death will ensue. Special mention should be reserved for 

infections associated with tunnelled central venous access 

in patients who are receiving parenteral prostanoids. A high 

proportion of asymptomatic blood-borne infections may 

occur in these patients and there may be minimal systemic 

features to suggest sepsis.

Patients with PAH who have a cardiac arrest have a very 

poor outcome. Resuscitation is unsuccessful, particularly 

among those with New York Heart Association class IV with 

advanced right heart failure and not on an active transplant 

list. For these reasons, decision about resuscitation should 

be carefully evaluated for these patients. 

With progressive disease, dilatation of the right ventricle 

will affect the left ventricle, and global heart failure will 

ensue. It is equally critical to consider acute insults, such as 

infection or bleeding, which may contribute to deteriora-

tion of right ventricular function. Intrinsic right ventricular 

involvement with impaired adaptation and pulmonary 

vascular uncoupling ultimately contributes to overall poor 

outcome. These patients will experience a decline in exer-

cise capacity with features of acute heart failure (raised 

jugular vein pressure, pleural effusion, hepatomegaly, 

ascites and/or dependent oedema). Patients may also 

develop angina owing to atherosclerotic coronary heart 

diseases and PAH-specific causes, including compression of 

left coronary artery related to pulmonary artery dilatation. 

Acute arrhythmias may precipitate right heart failure. Atrial 

fibrillation or flutter is poorly tolerated, as augmented atrial 

contractility is a critical compensatory mechanism in these 

patients with a non-compliant right ventricle. The loss of 

atrial contraction may have deleterious consequences for 

right ventricular function. Restoration of sinus rhythm is 

preferable to rate control and atrial fibrillation is typically 

more difficult to treat than flutter.

Careful fluid volume management with attention to 

preload and cardiac output is essential during treatment 

of associated arrhythmia, and ionotropic support may be 

necessary. However, ionotropic support may exacerbate 

Raynaud’s phenomenon, and these patients may develop 

significant digital ischaemia owing to poor cardiac output. 

SSc spectrum

acute

emergencies

Bolus obstruction

(GAVE)
Pseudo-obstruction

Progressive lung

fibrosis
Myocardial infarction

Pre-eclampsia
Opportunistic infection

Cerebrovascular

accident

Nutritional weight

loss

Decompensated PAH
Malabsorption

GI haemorrhage
Renal crisis

Ischaemia
Critical digital

Non-SSc

acute

emergency

Chronic

organ-based

complications

Figure 1 Classification of acute and chronic emergencies in sys-

temic sclerosis (SSc). These comprise both scleroderma-specific 

complications and general medical emergencies. Decompensation 

and progression in chronic organ-based complications may lead to 

acute presentation. There is an overlap among these three broad 

subgroups of emergencies in SSc and early identification of those 

at risk is critical for the management of these patients GAVE, gas-

tric antral vascular ectasia; GI, gastrointestinal; PAH, pulmonary 

arterial hypertension.
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Sodium and fluid restriction and sometimes haemofiltra-

tion may be helpful. Intermittent paracentesis for resistant 

ascites and pleural effusion may provide symptomatic 

relief. Additional PAH-specific treatment in combination is 

usually necessary once the acute episode has resolved.

Severe hypoxaemia as a consequence of coexisting lung 

fibrosis may precipitate acute respiratory failure in patients 

with PAH. In addition, a shunt through a patent foramen 

ovale may also cause hypoxaemia in these patients. Pericar-

dial effusion may occasionally compromise cardiac output 

in patients with PAH. Drainage of the effusion is gener-

ally best avoided in these patients. If there are symptoms 

of heart failure, gentle diuresis is required. It is critical to 

remember that elective surgery in this group of patients 

should be performed only at a PAH centre under the super-

vision of an experienced anaesthetist because of the high 

risk of early postoperative morbidity and mortality.

Digital ischaemia
Raynaud’s phenomenon can be severe in SSc and progress 

to irreversible tissue injury with gangrene and the need 

for amputation of the digit (Hughes et al, 2015). The main 

complications are critical ischaemia and digital ulceration. 

It is helpful to evaluate the possibility of macrovascular 

proximal disease, procoagulant state and overlap vasculitis. 

Although these may be uncommon, they will often require 

specific treatments. Assessment of upper limb vessels with 

Doppler ultrasound or even MR angiography may be neces-

sary if large or proximal vessel disease is suspected. Adequate 

pain relief is central in the treatment of peripheral vasculop-

athy, and quite often short-term opiates and neural stabilisers 

such as amitriptyline may be required. Digital sympathec-

tomy or local tissue debridement can provide pain relief in 

patients with severe intractable pain and also prevent sepsis. 

Areas of calcinosis under the digital ulcer may need to be 

surgically debulked to promote ulcer healing. Intravenous 

prostacyclin analogues are the first-line treatment for crit-

ical digital ischaemia and refractory digital ulceration and 

should be administered to improve perfusion and healing of 

digital ulcers. Several infusion regimens are used, and often 

administered for 6 hours daily at a rate of 0.5–2 ng/kg/min 

for at least 5 days. Optimisation of vasodilatory treatments 

is important with a choice of calcium channel blockers, 

angiotensin II receptor blockers, serotonin reuptake inhibi-

tors or phosphodiesterase type V inhibitors. In patients with 

severe digital ischaemia, it is reasonable to consider use of 

a low-dose antiplatelet agent such as clopidogrel, although 

controlled data to support this are limited. 

Acute exacerbation of lung fibrosis
Lung fibrosis is a major complication in SSc, affecting up to 

half of those with the diffuse subset—in particular, within 

the first 3 years of disease onset (Denton et al, 2018). Most 

patients present with breathlessness and it can often be chal-

lenging to identify the cause of worsening breathlessness in 

patient with existing lung fibrosis. Possible causes of dyspnoea 

in this context include progression of interstitial lung disease, 

development of PAH or pulmonary hypertension, right heart 

failure, anaemia (gastric antral vascular ectasia), concur-

rent infection, pulmonary embolism, pneumothorax (with 

subpleural cyst rupture), deconditioning and other unrelated 

conditions such as ischaemic heart disease. More recently, 

fibroelastosis in association with pleural abnormalities has 

emerged as an entity that affects a subset of these patients and 

tends to be more progressive than SSc lung fibrosis. A thor-

ough assessment and appropriate investigations are required 

to ascertain the cause of breathlessness.

SSc-specific complications
Specific complications of SSc are shown in figure 2.

Acute cardiac disease
Cardiac involvement in SSc is associated with high mortality 

(Champion, 2008). It may be clinically overt, but the increasing 

use of sophisticated imaging modalities, such as cardiac MRI, 

indicates that it is not uncommon. A high degree of suspicion 

is therefore critical to recognise patients who are at increased 

risk of developing primary cardiac disease: early stage diffuse 

•    Scleroderma renal crisis

•    Acute cardiac failure
•    Decompensated pulmonary
     hypertension

Scleroderma emergencies

•    Intestinal pseudo-obstruction
•    Gastrointestinal haemorrhage
•    Critical digital ischemia

Figure 2 Spectrum of systemic sclerosis (SSc)-specific emergencies 

and non-SSc-related acute events. Any organs may be affected 

 either as part of SSc or independently of the systemic disease. It is 

important to remember that presentation of common acute emer-

gencies, such as true mechanical gastrointestinal obstruction, may 

be modified by SSc itself.
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disease with rapidly evolving skin disease and those who 

harbour anti-fibrillarin (U3RNP) antibodies. Any cardiac 

structure may be affected, and this may manifest as pericar-

dial effusion, myocarditis (including left ventricular diastolic 

and systolic dysfunction) and conduction abnormalities 

(bradyarrhythmias and tachyarrhythmias). A history and 

clinical examination may suggest cardiac involvement. Palpi-

tations, light headedness, dizziness or syncope may suggest 

underlying arrhythmia or pulmonary hypertension. Holter 

monitoring and echocardiography should be used to eval-

uate these symptoms. However, these patients may present 

with broad and non-specific symptoms, including exertional 

light-headedness or syncope.

Symptomatic pericardial effusion is uncommon but can 

cause significant morbidity. Prognosis is particularly poor 

when the effusion occurs when PAH is present. Evidence of 

cardiac tamponade should be evaluated with echocardiog-

raphy. No treatment is indicated unless symptoms are seen, 

and percutaneous pericardiocentesis can be considered, if 

necessary.

Symptomatic conduction abnormalities are not common 

and autopsy studies suggest that they most frequently affect 

the sinoatrial node. However, significant arrhythmias are 

associated with increased mortality. Patients may present 

with dyspnoea, palpitations, syncope or even, sudden death. 

Prompt recognition and treatment of tachyarrhythmia and 

bradyarrhythmias are critical. Among the most common 

abnormalities are P-wave notching, non-specific ST–T wave 

changes, right or left ventricular hypertrophy and low QRS 

voltage. Supraventricular arrhythmias are more common 

than ventricular tachyarrhythmias. Exercise testing may 

provoke atrial or ventricular arrhythmias in as many as 

35% of patients with scleroderma, although the incidence 

of life-threatening ventricular tachyarrhythmias appears 

low. There is no good evidence for the use of SSc-specific 

treatments or antiarrhythmic agents in this context and 

therefore general treatment guidelines should be followed.

Although premature atherosclerosis had been implicated 

as the cause of early death in other inflammatory auto-

immune diseases, it is not consistently increased in SSc. It 

is likely that the cardiac microvessel involvement results in 

patchy replacement fibrosis over the mid-wall, congestive 

cardiac failure and tachyarrhythmia rather than clinically 

overt myocardial infarction.

Gastrointestinal (GI) tract emergencies
Symptomatic GI involvement is common and occurs in 

up to 45% of patients with diffuse cutaneous SSc (Hansi 

et al, 2014). Intestinal manifestations may include impaired 

motility, malabsorption, bacterial overgrowth, jejunal and 

colonic diverticulosis and localised dilatation. Serological 

analysis has shown that anti-RNA polymerase antibody is 

associated with clinically apparent gastric antral vascular 

ectasia, an important cause of chronic iron-deficiency 

anaemia and more recently, anti-U11/U12 antibody has 

been shown to be associated with severe GI dysmotility 

(McMahon et al, 2018).

Oesophageal dysmotility may predispose to spasm, 

stricture formation and rarely, bolus obstruction. Acute 

GI haemorrhage is uncommon. However, recurrent gastric 

antral vascular ectasia may require repeat blood transfusion 

and iron infusions. More recently, radiofrequency ablation 

of the ectatic vessels has been employed when conventional 

endoscopic thermoablative techniques have failed. 

Patients may also present with pseudo-obstruction as a 

consequence of severe dysmotility, with recurrent abdom-

inal pain, nausea and vomiting with early satiety. Some of 

these patients may develop pneumatosis intestinalis, espe-

cially over the jejunum and ileum. This represents a breach 

in the bowel mucosa, presumably as a result of wall atrophy, 

ischaemia or bacterial overgrowth. It may also be due to 

increased intraluminal pressure from excessive hydrogen 

production by intestinal bacteria in the presence of bowel 

dysmotility. This may be associated with pneumoperito-

neum and pneumomediastinum. Pneumoperitoneum may 

be due to small perforations in jejunal diverticuli or other 

regions of the intestine or from ruptured cysts in pneuma-

tosis intestinalis. Benign spontaneous pneumoperitoneum 

may persist for many years without development of peri-

toneal irritation such as fever, leucocytosis guarding and 

rebound tenderness. The presence of pneumoperitoneum 

detected on imaging may occasionally be incorrectly inter-

preted as perforation, resulting in unnecessary admissions 

and even surgery. These patients may be managed conserva-

tively with bowel rest. Oxygen treatment may help to reduce 

intramural gas, and antibiotic agents may be effective to 

treat coexisting bacterial overgrowth and associated gas 

production. Prokinetic agents may improve impaired intes-

tinal motility. Surgery, on the other hand, may compromise 

intestinal function and may lead to death. It is also note-

worthy that severe GI involvement may dramatically affect 

overall survival. This is particularly evident in those who 

are admitted to an intensive care unit. 

In rare cases, mechanical causes of obstruction may 

occur. Chronic constipation may lead to sigmoid volvulus 

and acute bowel obstruction. Even in patients with SSc 
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with chronic intestinal dysmotility, acute deterioration in 

symptoms should prompt a careful evaluation for coexisting 

mechanical obstructive causes, such as volvulus or strictures. 

Placement of a percutaneous feeding tube, for example, may 

allow anchorage of the bowel and prevent untwisting of the 

affected bowel once a volvulus has taken place.

Scleroderma renal crisis
Renal crisis is an important acute emergency that affects 

up to 10% of patients (Mouthon et  al, 2011). This is 

discussed in a separate module (see module 7). A few 

key points are worth keeping in mind. First, steroid use 

is associated with renal crisis, although this association 

may be confounded by disease severity (Trang et al, 2012). 

Great caution must be exercised, especially with high 

doses of steroids in the early phase of diffuse SSc. This 

is a particular concern for patients undergoing haemato-

poietic stem cell transplantation. Patients who are at 

risk of renal crisis must be educated about its signs and 

symptoms. They must be advised to monitor blood pres-

sure regularly in the early stage of disease. Second, some 

cases may present with normotensive crises, but blood 

pressure is usually relatively increased from baseline for 

that particular patient. Finally, some patients, especially 

those with limited SSc, may present with overlap connec-

tive tissue diseases, including lupus and vasculitis. Renal 

biopsy is critical to distinguish between these conditions 

and to guide appropriate treatment. Renal crisis may occa-

sionally be confused with thrombotic thrombocytopenic 

purpura (TTP), and assessment of the von Willebrand 

factor cleaving protease, also known as ADAMTS13 

activity, may be helpful, although normal levels have been 

described in TTP. If a diagnosis of TTP is made in a patient 

with SSc, an ACE inhibitor should be used together with 

TTP treatment. However, even with ACE inhibition, renal 

outcomes remain poor in some patients. Recent reports 

have suggested that adjuvant strategies to target different 

pathways, including complement activation and endo-

thelin pathways, may be considered.

Intercurrent infection and other 
emergencies
Other than the acute events specific to SSc, patients are 

also at risk of developing other complications unrelated or 

indirectly related to SSc. These include infections, acute 

abdomen and cardiorespiratory arrests. Some aspects of 

these have been covered either in other parts of the module 

or in the earlier section in this module.

In the prospective EUSTAR cohort of patients with SSc, 

infections were responsible for a third of the non-SSc- 

related causes of death and are a major cause of admissions 

to intensive care units. Pneumonia predominated among the 

infections, having considerable SSc-related risk factors—

for example, oesophageal reflux, aspiration and significant 

immobility. One study suggests that among patients with 

SSc admitted to an intensive care unit, pneumonia and 

sepsis in general, is associated with poor outcome. The need 

for mechanical ventilation may underlie the poor outcome, 

although the severity of lung fibrosis may have a contrib-

utory role (Pène et  al, 2015). In addition to treatment of 

pneumonia, treatment of oesophageal dysmotility needs 

to be maximised with proton pump inhibitor and pro -

kinetic agents. Occasionally, oesophageal candidiasis may 

complicate upper GI tract dysmotility, especially if there 

are associated sicca symptoms. Endoscopic examination 

may be required and empirical treatment with antifungal 

agents is usually effective. It should be noted that the use 

of  immunosuppressive agents is associated, in particular, 

with viral infections. This was also highlighted in studies 

on autologous haematopoietic stem cell transplantation. 

Increased vigilance is critical for this subset of patients (van 

Laar et al, 2014).

In addition, infection may also occur when digital 

ulcers are present, and this may severely compromise 

the outcome of digital vasculopathy. Plain radiography 

will detect calcinosis and may detect bone infection, but 

MRI may be useful for the detection of early soft tissue 

infection and osteomyelitis. Our experience suggests that 

a global approach, including aggressive local wound care 

with topical hydrocolloid and occlusive dressings and 

avoidance of microtrauma, is important. A low threshold 

for starting systemic antibiotic agents is advisable when 

infection is suspected. The choice of antibiotic is guided 

by microscopy and culture of the affected wound site and 

blood culture.

Overlap syndromes: non-scleroderma 
emergency management
About a fifth of SSc cases have overlap features with 

distinct serological features that will inform specific clinical 

presentation and disease course (Pakozdi et al, 2011). The 

commonest overlap feature is inflammatory muscle disease 

but other cases may have arthritis, Sjögren’s syndrome, 

vasculitis or systemic lupus erythematosus. These overlap 

features are important because they may be amenable to 
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treatment independent of the SSc and also their management 

may need to be modified to take account of the coexistent 

SSc. Other organ-specific involvement, such as autoim-

mune thyroid and primary biliary cholangiopathy (PBC), 

should also be considered. However, it has been reported 

that patients with coexistent PBC have a better prognosis 

than those with PBC alone (Rigamonti et al, 2006).

Antineutrophil cytoplasmic antibodies (ANCA) are 

detected on immunofluorescence in up to 7% of unselected 

patients with SSc, but clinically evident SSc overlap with 

ANCA-associated vasculitides is rare, occurring in <0.5% 

of cases (Arad et  al, 2011). Both subsets of patients may 

be affected, but more commonly the limited subset, and 

interestingly, antibodies typically associated with overlap 

syndromes such as anti-fibrillarin appear to be associated 

more with vasculitides than with SSc-specific antibodies. 

A few studies have reported that the vasculitides tend to 

be associated with antimyeloperoxidase antibodies, and 

proteinase 3 was rarely detected by ELISA. The major mani-

festations resemble microscopic polyangiitis, with rapidly 

progressive glomerulonephritis, alveolar haemorrhage, 

acute limb ischaemia and vasculitic skin rash. It is critical 

to distinguish renal vasculitis from renal crisis. There-

fore, in cases of acute renal failure with clinical clues that 

suggest ANCA-associated vasculitis rather than renal crisis, 

prompt evaluation with serological markers and assessment 

of renal involvement (estimation of creatinine clearance, 

microscopic haematuria, red cell casts and proteinuria and 

renal biopsy) should be undertaken as management and 

outcomes for both these conditions are very different. In 

addition, these patients require a full investigation that 

includes examination of the lungs (X-ray examination, 

lung function, HRCT, bronchoscopy with bronchoalveolar 

lavage, if necessary) and referral to appropriate specialists 

(ear-nose-throat specialist, gastroenterologist) to confirm 

diagnosis, usually with a tissue biopsy.

Treatments for renal crisis and renal vasculitis are clearly 

different and most patients with ANCA-associated vascu-

litides require a stage and disease-activity adapted approach 

from available evidence from controlled trials. These usually 

include immunosuppressive treatments with steroids, 

cyclophosphamide and rituximab, but reported cases 

suggest a poor prognosis. In the presence of active renal 

systemic lupus erythematosus, induction treatment with 

steroids and cyclophosphamide/mycophenolate mofetil 

aims to achieve sustained response. Rituximab should be 

reserved for patients with refractory disease. Treatment of 

lupus nephritis should be individually tailored to patients, 

with more aggressive treatment reserved for patients at high 

risk of renal dysfunction and progression of renal disease.

Pregnancy and associated acute 
complications in SSc
SSc primarily affects women, and its mean age of onset is in 

the early 40s.  Women often delay pregnancy, and problems 

related to pregnancy and SSc are increasingly encountered 

in clinical practice (Lidar and Langevitz, 2012). As with 

other autoimmune connective tissue disease, it is helpful to 

consider the effects of disease on pregnancy and the effects 

of pregnancy on SSc itself. Well-supervised and planned 

pregnancy with appropriate management as high-risk preg-

nancy should ensure its success. A pre-emptive approach 

assessing the extent and severity of visceral involvement 

should be undertaken before pregnancy. Cases of severe 

cardiac disease with low cardiac output, pulmonary hyper-

tension, severe interstitial lung disease—for example, 

forced vital capacity <50% predicted, malabsorption or 

renal insufficiency may necessitate termination of the preg-

nancy, depending on the risks to the mother and fetus. It 

is generally thought that there are no significant changes 

in the disease status during pregnancy, and indeed some 

aspects of the disease, such as Raynaud’s phenomenon, will 

noticeably improve. However, it is important to be mindful 

of the acute emergencies that may be particularly relevant 

in these patients.

The spectrum of pregnancy-associated acute compli-

cations includes pre-eclampsia, abruptio placentae, 

premature rupture of the membrane, placenta praevia and 

excessive bleeding. These emergencies are not covered 

in this module. Although it is unclear if there is a true 

increase in the risk of renal crisis in pregnancy, renal crisis 

is a major cause of maternal mortality in SSc pregnan-

cies; it has also been hypothesised that pregnancy itself 

is a precipitant of renal crisis. An expectant approach 

with close monitoring of blood pressure and proteinuria 

is critical in these patients, and any slight increase in 

blood pressure should be taken very seriously. It is diffi-

cult to distinguish renal crisis from pre-eclampsia as both 

present with acute hypertensive crises and proteinuria. 

Raised uric acid and liver dysfunction are more common 

in pre-eclampsia. The presence of microangiopathy with 

rising creatinine in the absence of abnormal liver function 

tests should raise the possibility of renal crisis. Manage-

ment of pre-eclampsia, however, is very different from 

that for renal crisis. ACE inhibitors can cause serious fetal 
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abnormalities, including anhydramnios, renal atresia, 

pulmonary hypoplasia and fetal death, especially in the 

third trimester. An early attempt with alternative antihy-

pertensive agents may be tried but these alone will not be 

sufficient to halt the evolving crisis. If there is any indi-

cation that blood pressure is not controlled, then an ACE 

inhibitor may be necessary, starting with low doses. At this 

stage, the risks to the mother may outweigh the risk of 

fetal abnormalities related to ACE inhibitors. In cases of 

profound maternal or fetal distress, emergency delivery 

will be necessary. Here again, an ACE inhibitor should 

be started as it would be misguided to assume that blood 

pressure will normalise after delivery. 

The increased circulatory demands required to maintain 

a normal pregnancy may unmask covert myocardial disease 

and lead to cardiac dysfunction during pregnancy. Similarly, 

patients with concomitant PAH are at risk of cardiovascular 

collapse because there is a significantly reduced reserve in 

the pulmonary arterioles to reduce vascular resistance and 

accommodate the increased blood volume and cardiac 

output that occurs during pregnancy. These patients will 

need to be jointly managed by experts in PAH, and various 

treatments have been reported. These include trials of low 

molecular weight heparin, supplemental oxygen, intra-

venous epoprostenol and sildenafil (Price et al, 2007).

Closing remarks
Although SSc is often associated with major organ involve-

ment that tends to occur insidiously, important acute 

emergencies may occur, independently or in association 

with progression of an existing internal organ complica-

tion, including lung fibrosis. It is also important to consider 

and even to anticipate complications related to treatments, 

including haematopoietic stem cell transplantation and 

other non-SSc-related acute events such as acute coronary 

syndrome or pulmonary embolism.
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Systemic sclerosis (SSc) occurs in women three to five times 

more frequently than in men. With the mean age of onset 

of SSc symptoms in the early 40s, almost half of the women 

with this illness have the potential to become pregnant after 

the onset of their illness. Years ago, most women would 

have completed their pregnancies before this age, but more 

recently, women often delay pregnancy. Thus, there is an 

increased likelihood of a concurrent pregnancy in women 

who develop SSc early in their adult life. The inter-relation-

ships of scleroderma and pregnancy are important owing 

both to the effects of SSc on pregnancy and the effects that 

pregnancy may have on underlying maternal scleroderma.

Sexuality in women with SSc

One of the concerns related to pregnancy in SSc is whether 

women feel well enough for sexual activity as SSc can have 

a profound effect on a woman’s life (Steen and Chakravarty, 

2012). The physical limitations of cutaneous, musculo-

skeletal, vascular and pulmonary disease, the changes in 

appearance and the emotional effects of the disease may all 

affect sexuality and interpersonal relationships. However, 

despite these many physical and psychological difficulties, a 

study of 101 patients with SSc found that the majority (60%) 

of women were sexually active. Of women who were not 

39 Pregnancy, gynaecological 
problems
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Learning objectives

•	 To understand that particular attention should be given to sexual concerns and fertility problems 

in patients with systemic sclerosis (SSc), and the importance of preconception counselling with 

the patient and partner.

•	 To understand the importance of preconception assessment for correct planning of the preg-

nancy, in consideration of disease activity and of the drugs that can be prescribed and those 

which should be avoided during pregnancy and lactation.

•	 To analyse the effects of SSc on pregnancy outcomes (especially premature delivery, miscarriage, 

fetal growth restriction and fetal morbidity), and the possible relationship with disease subtype 

or disease activity.

•	 To recognise the effects that pregnancy may have on SSc, with particular concern about renal 

disease, gastrointestinal tract involvement, cardiopulmonary disease, pulmonary hypertension 

and peripheral vasculopathy.

•	 To assess the clinical presentation and management of renal crisis during pregnancy.
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sexually active, only 17% attributed their sexual inactivity 

to SSc (Impens et al, 2009). The classification of disease—

that is, as diffuse or limited SSc, did not appear to have an 

effect on a patient’s sexual activity. Age, personal choice 

and lack of partner were the major reasons for sexual inac-

tivity. A few women even stated that their partner’s health 

prevented sexual activity.

This study also examined patients’ responses to a stan-

dardised sexual function questionnaire (IPSP) and the 

medical outcomes study questionnaire (Short Form 36). 

The results suggested that sexual dysfunction in those 

patients did not correlate with age, disease duration or 

physical problems, but correlated primarily with general 

mental health. Most patients felt that fatigue (60%) was the 

primary symptom affecting their sexual function. Body 

pain (40%) and vaginal dryness (42%) were also common 

concerns. Others have also reported dyspareunia (37–56%) 

in patients with SSc (Bhadauria et al, 1995; Sampaio-Barros 

et al, 2000), as well as vaginal discomfort, but it was difficult 

to separate vaginal dryness (42–71%) from vaginal tight-

ness. However, 5/60 patients reported vaginal tightness or 

constricted introitus as the cause of dyspareunia. Surpris-

ingly, even Raynaud’s phenomenon, hand pain and digital 

ulcers affected the ability of patients with scleroderma 

to participate in, and enjoy, a sexual relationship. Other 

symptoms from physical problems, shortness of breath, 

heartburn and emotional difficulties due to cosmetic 

appearances and depression also played a significant role in 

some patients. Comparison of the Female Sexual Function 

Index in patients with and without a particular symptom 

showed that vaginal dryness (or discomfort), Raynaud’s 

 phenomenon and depression were the features that caused 

the most problems (Bhadauria et  al, 1995). Patients can 

in many situations adapt to some of the problems and 

 anticipate difficulties by being more prepared. Attention to 

symptoms of depression, keeping warm and using vaginal 

lubricants may be simple but important interventions. Of 

note, even men with SSc may have significant sexual prob-

lems, with severe erectile dysfunction recorded in 38% 

(Foocharoen et al, 2012).

Fertility
Whether or not fertility is a concern in women with SSc is 

also difficult to determine because many factors, both phys-

ical and psychological, affect the ability and desire to become 

pregnant. Before the 1980s there were frequent references 

to the rarity of concomitant pregnancies in patients with 

established SSc (Steen and Chakravarty, 2012). The impli-

cation was that fertility was decreased in SSc. However, 

it must be kept in mind that the mean age of onset of the 

disease is 43 years and as recently as 20 years ago, most 

women had completed all their pregnancies before they 

developed symptoms of SSc. Englert specifically studied the 

occurrence of pregnancies before the onset of SSc (Englert 

et al, 1992). In this series there was an increased incidence 

of women who had a delay in conception or who had never 

conceived compared with population controls, but not 

compared with women with primary Raynaud’s phenom-

enon, who had similar findings. A Brazilian retrospective 

study (Sampaio-Barros, 2000) focused on fertility in women 

who developed SSc: among 150 patients with SSc, 118 gave 

birth to 406 children (42 of them after disease onset) with 

an overall fertility rate (3.4) similar to that of the general 

Brazil obstetric population. Authors also noticed a signif-

icant difference between diffuse cutaneous (dcSSc) and 

limited cutaneous (lcSSc) forms (fertility rate 3.1 vs 3.6). 

Prior studies did not identify decreased overall fertility, but 

little attempt was made to relate the timing of pregnancy to 

the onset of SSc (Steen and Chakravarty, 2012).

Steen interviewed 214 patients with SSc, 167 patients 

with rheumatoid arthritis (RA) and 105 normal controls 

with questions about the occurrence of pregnancy and any 

delays in conception (Steen and Medsger, 1999). A signifi-

cantly larger number of women with SSc and RA had never 

been pregnant (21% SSc, 23% RA compared with 12% of 

healthy controls, p<0.05). After adjustment for factors such 

as the number of women who had never married, who were 

sexually inactive or who had chosen not to have children, no 

differences were seen between the three groups. Only 2–5% 

of patients in each group had ever attempted to become 

pregnant but were unsuccessful. Also, the percentage of 

women with at least a 1-year delay in conception was not 

significantly different in the three groups (12–15%). During 

infertility evaluations, patients with SSc were more likely to 

be told of possible causes of infertility such as fallopian tube 

obstruction or endometriosis. Curiously, the partners of the 

patients with SSc were more likely to have fertility problems 

than partners of the controls. The overall successful preg-

nancy rate in those patients with a prior period of infertility 

was similar in all three groups (SSc, RA, controls 37%, 40%, 

and 43%, respectively). 

Since fertility overall is normal in women with SSc, 

contraception is important; oestrogens and other contra-

ceptive methods may be employed, taking into account the 

usual indications or contraindications, such as smoking and 
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thromboembolic risk for oestrogens (including antiphos-

pholipid antibodies positivity).

Effects of SSc on pregnancy

Miscarriage
Older reports showed that miscarriages were increased 

(Steen and Chakravarty, 2012). Englert found increased 

miscarriages before disease onset and hypothesised that 

these might result in transplacental transfer of cells, leading 

to a type of chronic graft-versus-host disease—a biological 

process which has been discussed as a potential mechanism 

of disease pathogenesis in SSc (Englert et al, 1992). 

In a retrospective case–control study of women with 

scleroderma, the frequency of miscarriage was only 9%, 

similar to the frequency of 7.5% seen in the healthy controls 

(Steen and Medsger, 1999). Patients with SSc were more 

likely to have miscarriages after disease onset than before 

(15% vs 8%), but the risk was not significant either before 

or after onset of the disease.

Only one fully prospective SSc pregnancy study has been 

carried out, which included 91 pregnancies in 59 women 

(Steen, 1999). The patients were divided into dcSSc and 

lcSSc subsets, and into groups with early and late disease 

(symptoms for <4 or >4 years). Miscarriage occurred with 

similar frequency to that in historical controls, except in the 

group of patients with late dcSSc, who had a surprisingly 

high frequency of miscarriages: 42% of the 15 women with 

late dcSSc compared with 13% in all the other groups. Renal 

insufficiency and severe gastrointestinal malabsorption 

were present in two of the seven women who had miscar-

riages. 

The IMPRESS (Italian Multicentric study on Preg-

nancy in Systemic Sclerosis) study was published in 2012 

(Taraborelli et al, 2011). In this study 99 women with SSc 

regularly attending one of the 25 Italian participating centres 

had 109 pregnancies after onset of the disease between 

2000 and 2011. In 93 patients fulfilling the 1980 American 

College of Rheumatology criteria for SSc, 44 had lcSSc and 

49 dcSSc. Data were prospectively collected 1 year before 

pregnancy, during each trimester and after delivery, and 

were retrospectively reviewed following a uniform protocol. 

The 99 women with SSc had 109 pregnancies, resulting in 

101 newborns: 59 male and 42 female, including three twin 

pregnancies (table 1). Maternal mean age at conception 

was 31.8 years, similar to that observed in a control group 

(30.9 years) defined as all deliveries occurring in 2009 in 

one participating centre (n=3939); median disease duration 

was 60 months. 

In this study miscarriages (<10 weeks) occurred in 4% 

of women, fetal deaths (>10 weeks) in 2% and voluntary 

and therapeutic abortions in 4%. These women were ques-

tioned about their previous pregnancies and interestingly, 

a significantly higher percentage of total spontaneous loss 

(30%) (25% <10 weeks and 5% >10 weeks) had occurred 

in previous pregnancies than in the current pregnancies, 

which were followed up as high-risk conditions (unpub-

lished data). Also, Steen (1999), in her prospective study, 

observed that 20 women (out of 59) had pregnancies before 

the study, and the outcome of those previous pregnancies 

was worse, with 19 term infants, nine miscarriages and 

three neonatal deaths.

In all, the rate of spontaneous losses in women with 

SSc regularly followed up as high-risk pregnancies seems 

comparable to that expected in the general population, even 

though patients with late dcSSc might have higher risks of 

miscarriage than other subsets.

Premature delivery
Premature delivery is defined as delivery before 37 completed 

weeks of gestation. Prematurity is the first recognised cause 

of neonatal mortality and long-term neurological impair-

ments in children. Several early series noted more than the 

expected number of premature infants in patients with SSc 

(Steen and Chakravarty, 2012). Steen’s retrospective series 

identified an increase in the frequency of premature infants 

in patients with SSc and patients with RA compared with 

healthy controls (Steen and Medsger, 1999). Interestingly, 

in this series, prematurity was more common in patients 

with SSc before than after the onset of their illness. Fortu-

nately, the premature infants in this study did well. They 

were small and had the usual prematurity complications, 

but only one fetal death occurred related to prematurity. 

In Steen’s prospective study, prematurity again was 

much increased compared with controls: 29% versus 5% 

in historical controls (Steen, 1999). In 65% of pregnancies 

in women with early dcSSc, the pregnancy ended before 38 

weeks. Only one neonatal death occurred, which was in a 

25-week-old fetus, although several small babies required 

prolonged hospital stays. Thus, although the frequency of 

premature infants was increased, the overall success rate—

that is, a live birth, was 84% in women with lcSSc and 77% 

in women with dcSSc, compared with 84% in historical 

healthy controls.
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In the IMPRESS study preterm deliveries were signifi-

cantly more frequent in patients with SSc than in the general 

obstetric population (GOP; 25% vs 12%). Patients also had 

a higher prevalence of severe preterm deliveries (before 34 

weeks) than the GOP (10% vs 5%).

Univariate analysis indicated that women with SSc who 

had preterm deliveries had a higher rate of corticosteroid 

use than women who gave birth at term (40% vs 21%, 

p=0.05), more intrauterine growth restriction (IUGR; 

24% vs 0%, p=0.0001) and very-low-birth-weight babies 

(20% vs 0%, p=0.001), but lower rates of folic acid use 

(36% vs 68%, p=0.009) and anti-Scl-70 positivity (32% vs 

59%, p=0.036); maternal age, disease duration, Medsger 

severity scale, disease subtype, anticentromere antibodies 

and antiphospholipid antibodies were not associated 

with prematurity. In multivariable analysis (table 2) 

(including IUGR, very low birth weight, anti-Scl-70, 

corticosteroids, folic acid), only corticosteroids were 

associated with preterm deliveries (OR=3.63), while folic 

acid was protective (OR=0.30) and so were anti-Scl-70 

antibodies (OR=0.26). The protective role of anti-Scl-70 

was unexpected and we were unable to find any other 

associations which might provide a good explanation for 

this.

The majority of the 25 preterm deliveries (72%) were 

iatrogenic (caesarean or vaginal). Caesarean sections were 

more frequent in patients with SSc than in the GOP (52% 

vs 31%). Twenty were done as an emergency (9 for obstet-

rical reasons, 11 for fetal distress) and 31 were elective, 14 

of them indicated by obstetricians because of concern about 

the maternal disease, although there was no real deteriora-

tion. Six newborns were admitted to the intensive care unit 

for a median of 15 days (range 1–30). One severely prema-

ture infant (27.4 weeks of gestation) died of multiorgan 

failure at 6 days of life. Also, another population-based 

cohort study (Chen et al, 2015) showed that patients with 

SSc underwent caesarean delivery more frequently than the 

GOP (64% vs 28%).

In all, prematurity is clearly increased in women with 

SSc, as it is in other rheumatic diseases, such as systemic 

lupus erythematosus, antiphospholipid syndrome, etc. 

Management by high-risk pregnancy teams including 

neonatologists is important to obtain the best outcomes for 

these babies.

Risk factor HR 95% CI P value

Anti-Scl-70 0.26 0.08 to 0.85 0.013

Folic acid 0.30 0.10 to 0.91 0.026

Corticosteroids 3.63 1.12 to 11.78 0.048

IMPRESS, Italian Multicentric study on Pregnancy in Systemic 
Sclerosis.

Table 2 HRs for prematurity in women with systemic sclerosis in 

the IMPRESS study in the Cox proportional hazards model.

Table 1 Pregnancy outcome in women with systemic sclerosis in 

the IMPRESS study.

Pregnancy outcome SSc lcSSc dcSSc

Total pregnancies, n 109 54 48

Maternal age at 
conception (years), 
mean (SD)

31.8 (5.3) 31.8 (5.8) 32 (4.0)

Live births 98 (90) 48 (89) 44 (92)

Miscarriages (<10 
weeks)

4 (4) 1 (2) 2 (4)

Fetal deaths (≥ 10 
weeks)

2 (2) 1 (2) 1 (2)

Voluntary and 
therapeutic abortions

5 (5) 4 (7) 1 (2)

Total deliveries, n 98 48 44

Twin pregnancies 3 (3) 2 (4) 1 (2)

FGR (<5th centile) 6 (6) 1 (2) 5 (11)

Preterm premature 
rupture of membranes

6 (6) 3 (6) 2 (5)

Preterm deliveries <37 
weeks

25 (26) 10 (21) 14 (32)

Preterm deliveries <34 
weeks

10 (10) 4 (8) 5 (11)

Caesarean sections 51 (52) 22 (46) 25 (57)

Gestational 
hypertension*

2 (2) 1 (2) 1 (2)

Pre-eclampsia* 0 (0) 0 (0) 0 (0)

Eclampsia* 0 (0) 0 (0) 0 (0)

Total newborns, n 101 49 45

Very low birth 
weight* (<1500 g)

5 (5) 1 (2) 4 (9)

Small for gestational 
age* (<10th centile)

14 (14) 5 (10) 9 (20)

Results are shown as number (%) unless stated otherwise.
*Gestational hypertension: hypertension after 20 weeks without 
proteinuria. Pre-eclampsia: hypertension after 20 weeks and 
proteinuria ≥300 mg/24 hours. Eclampsia: generalised convulsion 
and/or coma in the setting of pre-eclampsia with no other 
neurological condition. Small for gestational age: birth weight 
<10th centile for gestational age. 
Six pregnancies in women fulfilling Le Roy and Medsger criteria 
for early SSc and one in a patient with SSc sine scleroderma are 
not included in the comparison between lcSSc and dcSSc. 
dcSSc, diffuse cutaneous systemic sclerosis; FGR, fetal growth 
restriction; IMPRESS, Italian Multicentric study on Pregnancy in 
Systemic Sclerosis; lcSSc, limited cutaneous systemic sclerosis.
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Small for gestational age (SGA) infants
Small for gestational age infants are defined as infants whose 

birth weight is <10th centile for gestational age. In Steen’s 

retrospective case–control study, small (<2500 g) full-term 

infants occurred significantly more often in patients with 

SSc than in either the patients with RA or normal controls 

(10% vs 4% vs 2%, respectively) (Steen and Medsger, 1999). 

Again, patients with SSc were likely to have these small 

full-term infants after disease onset. Similar findings were 

seen in patients with primary Raynaud’s phenomenon and 

in another case–control study of patients with SSc (Englert 

et al, 1992).

Interestingly, unlike the retrospective study carried out 

by Steen, none of the full-term babies in her prospective 

study were SGA and the mean birth weight was 3220 g 

(Steen, 1999).

The IMPRESS study did not find increased SGA infants 

in patients with SSc compared with the GOP (Taraborelli 

et  al, 2011), but very-low-birth-weight infants (<1500 g), 

were significantly more common (5% vs 1%); this is prob-

ably related to the high rate of preterm deliveries.

Fetal growth restriction
Fetal growth restriction is defined as ultrasound-assessed 

fetal abdominal circumference <5th centile for gestational 

age. A recent analysis of hospital discharges of 504 SSc 

pregnancies found an increased risk of IUGR (OR=3.74, 

95% CI 1.51 to 9.28) (Chakravarty et  al, 2008). Also, in 

the IMPRESS study IUGR was significantly more frequent 

in patients with SSc than in the GOP (6% vs 1%). This is 

possibly related to the placental vasculopathy associated 

with SSc (see later).

Neonatal mortality
Infant deaths were quite common in the individual case 

reports. Other cases were associated with the acute exacer-

bation of SSc complications in the mother. Neonatal deaths 

occasionally were noted in the series and case–control 

studies, including our own, but no statistically or clini-

cally excessive number was found compared with controls 

(Steen, 1999; Steen and Medsger, 1999; Taraborelli et  al, 

2011; Steen and Chakravarty, 2012).

Placental pathology
Given the widespread vasculopathy present in patients with 

SSc, there are concerns that the same pathophysiological 

changes may also occur in the placental vasculature. Results 

of histopathological examination of placentas from a limited 

number of SSc pregnancies have been reported (Doss et al, 

1998, Ibba-Manneschi et  al, 2010, Steen and Chakravarty, 

2012). All found normal placenta weight for gestational age 

and evidence of decidual vasculopathy with stromal fibrosis, 

placental mesenchymal dysplasia and infarcts in chronic villi 

despite often normal, healthy clinical outcomes; chorioam-

nionitis was sometimes present. These findings are similar 

to those seen in pregnancies complicated by pregnancy- 

induced hypertension. Thus, placental abnormalities may 

be present in SSc pregnancies, even in the absence of clinical 

perinatal complications, and may be more severe, correlating 

with perinatal growth restriction and death.

Effects of pregnancy on SSc
The risks for a successfully completed pregnancy in most 

women with SSc are acceptable. It is equally important to 

consider the effect that pregnancy may have on the disease 

itself (table 3). 

The early literature described individual cases of 

extremely poor maternal outcomes, particularly in regard to 

renal crisis. An association has also been suggested between 

hypertensive complications during pregnancy or fetal growth 

restriction and the development of SSc at a later age. In the 

retrospective and prospective studies by Steen and in the 

IMPRESS study, the effects of pregnancy on the course of 

SSc involvement Change during pregnancy

Overall Disease generally stable

Raynaud’s 
phenomenon

Temporarily improved during 
pregnancy

Skin Skin thickening might worsen in a 
minority of women

Joints More arthralgias, similar to non-
scleroderma pregnancy

Gastrointestinal More reflux, similar to non-
scleroderma pregnancy

Cardiopulmonary 
problems

Managed as they would be in any 
pregnancy with compromised 
cardiopulmonary status

Kidney Renal crisis occurs during early 
diffuse scleroderma with or without 
pregnancy. Management must be 
with ACE inhibitors despite risks to 
the baby

ACE, angiotensin-converting enzyme.

Table 3 Effects of pregnancy on systemic sclerosis (SSc).
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SSc and its symptoms were carefully evaluated (Steen, 1999; 

Steen and Medsger, 1999; Taraborelli et al, 2011). It is diffi-

cult to determine the definite changes that pregnancy has 

on SSc because so many symptoms of pregnancy are similar 

to those of SSc (eg, oedema, arthralgias and gastrointes-

tinal reflux). The consensus is that there are no significant 

changes in the disease status during pregnancy (Steen, 1999; 

Steen and Medsger, 1999; Steen, Taraborelli et al, 2011; Steen 

and Chakravarty, 2012). Steen found that overall the disease 

was stable in 61% of pregnancies, 20% experienced some 

improvement in their disease and 20% experienced some 

worsening. The 10-year cumulative survival for women with 

SSc with and without a pregnancy was similar (Steen, 1999).

Renal disease
Renal crisis is the most serious complication of SSc and the 

cause of most of the maternal deaths in SSc pregnancies. It 

has been hypothesised that pregnancy itself may precipitate 

a renal crisis. More recent pregnancy series and case–control 

studies found far fewer episodes of renal crises than were 

seen in the individual anecdotal case reports. The appearance 

of hypertension and proteinuria related to pre-eclampsia 

of pregnancy can be easily confused with renal crisis. An 

increase in uric acid and liver function are more frequent 

in pre-eclampsia, while progressive daily increases of serum 

creatinine are more common in renal crisis, together with 

microangiopathic haemolytic anaemia. Some new biomarkers 

of pre-eclampsia have been identified—namely, placental 

growth factor and soluble fms-like tyrosine kinase-1 (sFlt-1). 

These biomarkers help to  identify pre- eclampsia very early 

and are not likely to be seen in renal crisis, so eventually they 

should be helpful (Zeisler et al, 2016).

In Steen’s retrospective series, two patients developed 

classic renal crisis during pregnancy (Steen and Medsger, 

1999). Both had early dcSSc (the highest risk subtype of 

scleroderma) and thus were considered at high risk for renal 

crisis independent of their pregnancy. Steen compared these 

pregnant patients with early dcSSc with a subset of women 

also with early dcSSc but without a pregnancy, and found 

no increased occurrence of renal crisis in the pregnant 

patients. Before the introduction of angiotensin-converting 

enzyme (ACE) inhibitors, one of two patients in the Steen 

series and her premature infant survived following nephrec-

tomy. The other mother died during the renal crisis, but the 

premature infant survived. Several recent cases reports of 

renal crisis occurring during pregnancy have described 

successful treatment with an ACE inhibitor. These drugs 

have dramatically changed the outcome of renal crisis in the 

non-pregnant patient, and despite their contraindications 

during pregnancy, they MUST be used if renal crisis occurs 

during pregnancy. 

 In the 91 prospectively followed SSc pregnancies in 

Steen’s study, three patients with early dcSSc developed 

renal crisis during pregnancy. All had early disease (mean 

2.2 years). This is similar to the 10–20% of patients with 

dcSSc who develop renal crisis independently of pregnancy 

(Steen and Chakravarty, 2012). One patient required an 

elective abortion at 20 weeks to control the renal crisis. In 

the other two cases, renal crisis was treated successfully 

with ACE inhibitors, although each woman required dial-

ysis for a short time. 

In the IMPRESS study no renal crisis was observed 

during 109 pregnancies, but a 30-year-old woman with 

dcSSc had a renal crisis 1 month after delivery, with serum 

creatinine suddenly rising to 7 mg/dL. She had begun her 

pregnancy 60 months after the onset of the disease, was 

anti-topoisomerase positive and delivered an SGA infant 

at 37 weeks. She started haemodialysis, high-dose ramipril 

and bosentan; 4 years later, she has stopped dialysis (current 

creatinine clearance 25 mL/min). 

Musculoskeletal and gastrointestinal 
disease
Musculoskeletal complaints in pregnancy are common, 

including carpal tunnel syndrome, muscle leg cramps, 

arthralgias and back pain (Steen and Chakravarty, 2012). 

Patients with SSc are not immune to any of these problems 

and it is difficult to determine whether they occur more 

than expected in this population. In the IMPRESS study, 

arthritis remained stable in 91% of cases and joint contrac-

tures in 98% (Taraborelli et al, 2011).

Likewise, gastrointestinal symptoms, particularly oesoph-

ageal reflux and constipation, occur with increased frequency 

in both SSc and during normal pregnancy; thus it is not 

surprising that patients with SSc during pregnancy complain 

of increased pyrosis, early satiety or constipation. During a 

normal pregnancy the tone of the lower half of the oesoph-

agus becomes profoundly depressed during the last two 

trimesters contributing to increased reflux. In the IMPRESS 

study, oesophageal reflux/dysphagia worsened in 19% of 

cases, vomiting/dyspepsia in 11% and diarrhoea/stipsis in 9%.

Skin, Raynaud’s phenomenon and 
digital ulceration
Seven out of 59 women reported worsening of skin thick-

ening after delivery in Steen’s prospective study (Steen, 1999); 
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these women had dcSSc. Whether this was related to the 

postpartum status or to another factor, such as their discon-

tinuation of D-penicillamine treatment before the pregnancy, 

cannot be determined. In the IMPRESS study, the modified 

Rodnan Skin Score was significantly worse after pregnancy 

in 15% of the women, rising from a mean of 7.7 to 15.

Many patients with SSc say that their Raynaud’s phenom-

enon is noticeably improved during pregnancy, only to 

worsen after the pregnancy. In the IMPRESS study, Raynaud’s 

phenomenon temporarily improved (32%) from the second 

trimester and a similar improvement was seen for digital 

ulcers (22%), but these benefits were lost after delivery. This 

might possibly be attributed to the increased blood volume 

and decreased systemic vascular resistance that may improve 

peripheral blood flow. Fortunately, only a few cases of acute 

gangrenous changes developing late in pregnancy have been 

reported. These were usually associated with the use of β 

blockers or with other problems, including complicated 

deliveries and sepsis (Steen and Chakravarty, 2012). 

No assurances can be given, but in general, progressive 

cutaneous disease during or after pregnancy is uncommon.

Cardiopulmonary disease
Women with SSc do not seem to have greater adverse 

outcomes from cardiopulmonary problems than other preg-

nant patients with similar problems. All are at high risk. 

Other than increased shortness of breath (typical in most 

pregnant women due to increased basal oxygen consumption 

and alveolar ventilation), there is no evidence that pregnancy 

increases the severity of SSc pulmonary fibrosis. Patients 

with SSc may have undetected myocardial damage and this 

might, in theory, cause cardiac dysfunction and compromise 

during the cardiovascular stress of pregnancy. Although not 

well documented, these patients may be at particular risk 

during usual treatment of preterm labour with β agonists. 

In the IMPRESS study, dyspnoea temporally worsened 

during pregnancy in 10% of women (two with lung involve-

ment), but none had any organic pulmonary progression. 

Cardiac function remained stable, but one woman devel-

oped a severe myocarditis 6 months after preterm delivery 

(34 weeks) of an adequate-for-gestational-age infant. She 

was anti-topoisomerase positive and had started her preg-

nancy 12 months after disease onset. 

Pulmonary arterial hypertension
Pregnancy is strongly contraindicated for women with SSc 

and pulmonary arterial hypertension (PAH). PAH is a serious 

complication which occurs in anticentromere-positive 

patients with lcSSc who have longstanding disease and 

who often have the onset of scleroderma at an older age. 

However, PAH also occurs in younger patients, particularly 

those with anti-U1 ribonucleoprotein or a nucleolar pattern 

antinuclear antibody, so there is the potential for PAH and 

pregnancy to occur concomitantly. Any woman with PAH 

who becomes pregnant is at extremely high risk for severe 

haemodynamic complications during pregnancy because 

there is significantly less reserve in the pulmonary arterioles 

to reduce vascular resistance to accommodate the increased 

blood volume and cardiac output that occurs during preg-

nancy. Reports estimate an unacceptable 17–50% maternal 

death rate in women with PAH, with the most vulnerable 

period occurring with the delivery and the first 2 weeks 

post partum. Death is usually due to acute cardiovascular 

collapse. Women who carry a diagnosis of PAH should 

be strongly counselled to avoid pregnancy as it remains 

a condition associated with unacceptably high risks for 

maternal and fetal morbidity and mortality.

In the IMPRESS study, no woman had PAH at baseline, 

but a 34-year-old African woman who had a healthy baby 

early in her disease, developed pulmonary hypertension 

9 months after a term delivery of an adequate-for-ges-

tational-age infant; she had lcSSc, was positive for 

anti-topoisomerase and lupus anticoagulant, and had severe 

baseline pulmonary involvement (forced vital capacity 37%, 

carbon monoxide transfer factor/alveolar volume 23% of 

predicted) and systemic arterial hypertension. 

New onset of scleroderma during 
pregnancy
There are rare reports of the new onset of SSc symptoms 

during pregnancy. In Steen’s prospective pregnancy study, 

five of the 59 women had onset of SSc symptoms during 

pregnancy. It is not known whether SSc develops more 

frequently during pregnancy than expected.

Pregnancy management
Counselling and management before, during and after preg-

nancy are summarised in box 1. Preconceptional counselling 

includes assessment of organ damage, length of disease, 

treatment, antibodies status, folic acid supplementation 

and contraception. Women with <4 years of scleroderma 

symptoms, those who have diffuse cutaneous scleroderma, 

or those with anti-topoisomerase or RNA polymerase III 

antibodies are at greater risk of having more active, aggres-

sive disease than those who have longstanding disease with 
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anticentromere antibody. All women with scleroderma 

who become pregnant should be considered to be at high 

risk for problems, including premature infants and disease- 

related problems. In addition to a rheumatologist familiar 

with scleroderma, pregnant patients should be followed up 

closely by an obstetrician experienced in high-risk preg-

nancies, with periodic assessments of fetal growth, and 

Doppler velocimetry of uterine and/or umbilical arteries. 

Frequent blood pressure monitoring is recommended. A 

neonatologist must be involved near the end of pregnancy. 

Proton pump inhibitors, histamine blockers or calcium 

channel blockers are sometimes used for gastrointestinal 

and vascular problems. Low-dose aspirin is allowed. Use of 

corticosteroids should be restricted as much as possible.

When organs are severely damaged—that is, in cases of 

severe cardiomyopathy (ejection fraction <30%), pulmo-

nary hypertension, severe restrictive lung disease (forced 

vital capacity <50% of predicted), malabsorption or renal 

insufficiency, a decision to terminate the pregnancy may 

have to be considered depending on the risks to the mother 

and the infant. This decision should be made based on the 

specific abnormalities found, and independently of the 

fact that scleroderma is the cause of the problem. Patient, 

partner and all physicians involved in her care will need to 

make this difficult decision together. The complete spec-

trum of pregnancy complications has been reported in 

scleroderma, including pre-eclampsia, abruptio placentae, 

premature rupture of membranes, placenta praevia and 

excessive bleeding. Although several studies have found no 

significant increase in pre-eclampsia in patients with sclero-

derma (Steen, 1999; Steen and Medsger, 1999; Taraborelli 

et  al, 2011; Chen et  al, 2015), a population-based study 

of pregnancy outcomes using an administrative hospital 

discharge database found an increased risk of hyperten-

sive disorders, including pre-eclampsia (Chakravarty et al, 

2008).

Box 1 Management of patients with scleroderma during pregnancy, labour  
and delivery.

Pre-conception counselling
•	 	Evaluation	of	the	extent	of	SSc	organ	involvement	and	autoantibody	analysis,	including	echocardiogra-

phy, pulmonary function tests and determination of antiphospholipid antibodies. Thyroid stimulating 
hormone and rubella immunity are tests important to plan a pregnancy properly. 

•	 	Discontinuation	of	the	use	of	drugs	with	teratogenic	potential	(ie,	bosentan,	mycophenolate	mofetil,	
methotrexate, etc) before pregnancy.

•	 	Reassurance	that	there	is	no	significant	worry	for	hereditary	neonatal	scleroderma.
•	 Start	folic	acid.

During pregnancy
•	 Obstetric	care	for	those	at	high	risk.
•	 	Cautious	 use	 of	 proton	 pump	 inhibitors,	 histamine	 blockers	 or	 calcium	 channel	 blockers	 for	 

gastrointestinal and vascular problems; low-dose aspirin allowed.
•	 Avoidance	of	corticosteroids	as	far	as	possible.
•	 More	frequent	monitoring	of	fetal	size,	uterine	activity,	uterine	and	umbilical	artery	flows.
•	 Frequent	blood	pressure	monitoring.
•	 Aggressive	treatment	of	any	hypertension	(pre-eclampsia	or	other).
•	 Close	observation	and	treatment	for	premature	labour	(avoid	β -adrenergic agonists).

Labour and delivery
•	 Epidural	anaesthesia	is	preferred.
•	 	Special	warming	of	delivery	room,	intravenous	fluids,	patients	themselves	(eg,	extra	blankets,	thermal	

socks, gloves).
•	 Venous	access	before	delivery.
•	 	Careful	 attention	 to	 the	 episiotomy	 and	 caesarean	 section	 incisions,	 which	 generally	 heal	 without	 
difficulty.

After delivery
•	 	Continued	 careful	 monitoring	 post	 partum,	 with	 early	 reinstitution	 of	 medication	 and	 aggressive	 

treatment of hypertension if it is present (do not assume it will resolve after delivery).
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Drugs	in	pregnancy
Folic acid must be started before a woman becomes preg-

nant, to reduce the risk of neural tube defects.

Drugs with teratogenic potential (ie, bosentan, myco-

phenolate mofetil, methotrexate, etc) should be discontinued 

before pregnancy. Many experts prefer to discontinue 

mycophenolate mofetil and methotrexate 3 months before 

conception.

Proton pump inhibitors and histamine blockers are 

safe for gastrointestinal problems. Cautious use of calcium 

channel blockers is allowed for vascular problems, but 

Raynaud’s phenomenon often improves during pregnancy, 

and drug treatment is generally avoided. Low-dose aspirin 

is allowed because it is thought to decrease the risk of pre- 

eclampsia in women at risk. Corticosteroids are avoided 

as much as possible, because they may increase the risk of 

prematurity.

A scleroderma renal crisis must be treated with ACE 

inhibitors despite risks to the baby. 

Management of renal crisis during 
pregnancy
The standard of care for the management of scleroderma 

renal crisis (SRC) is the use of ACE inhibitors. Before the 

availability of ACE inhibitors, nearly all patients with SSc 

(with or without pregnancy) and a renal crisis died within 

the first year. Thus, its early use can make the difference 

between life and death of the mother and the infant. 

SRC has many features similar to those of pre-eclampsia 

and it can be a challenge to distinguish between these two 

entities (see above ‘Renal disease’). The treatment of pre- 

eclampsia is very different from treatment of renal crisis 

and does not include ACE inhibitors (box 2).

However, the decision to use ACE inhibitors during preg-

nancy is difficult because they can cause significant fetal 

abnormalities, including anhydramnios, renal atresia, pulmo-

nary hypoplasia and fetal death, particularly when used in 

the latter half of pregnancy. In contrast to other teratogenic 

medications, all complications associated with ACE inhibi-

tors occur in the second and third trimesters. Successful use 

of captopril or other ACE inhibitors during pregnancy has 

been documented in SSc (Steen and Chakravarty, 2012).

In patients with dcSSc, and particularly with disease of 

recent onset, we recommend blood pressure home moni-

toring at least three to five times a week. The presence of 

even a slight rise in blood pressure should be considered 

seriously. A search for evidence of raised serum creatinine 

levels, proteinuria, microangiopathic haemolytic anaemia 

and uric acid should be done promptly. If the serum 

creatinine is increasing in this setting, particularly in the 

presence of microangiopathy and the absence of increased 

liver function tests, then a diagnosis of scleroderma renal 

crisis must be assumed, and the use of an ACE inhibitor 

must be strongly considered. Other blood pressure medi-

cation can be tried, but is unlikely to successfully control 

the renal crisis. If the blood pressure is not easily controlled 

with other medication, then ACE inhibitors must be used. 

Delay in starting an ACE inhibitor for fear of fetal compli-

cations increases risks for both mother and fetus. If elective 

caesarean section is planned, one should begin an ACE 

inhibitor and not assume that the blood pressure will 

improve after delivery.

Management of pregnancy in mothers 
with prior renal crisis
After an episode of SRC, ACE inhibitors are required to 

maintain blood pressure control and renal function indefi-

nitely. Patients receiving ACE inhibitors have had successful 

pregnancy outcomes; however, as discussed above, use 

of these drugs during the third trimester of pregnancy is 

Box 2 Management of scleroderma renal crisis during pregnancy.

•	 New	onset	hypertension	must	be	taken	seriously.
•	 	Elevation	in	uric	acid	and	liver	function	are	more	frequent	in	pre-eclampsia,	whereas	progressive	daily	

increases in serum creatinine are more common in renal crisis, together with microangiopathic haemo-
lytic anaemia.

•	 Do	not	assume	it	is	pre-eclampsia;	do	not	assume	it	will	resolve	after	delivery.
•	 	Try	to	control	blood	pressure	with	other	medication,	but	if	not	controlled	or	if	creatinine	increases,	add	

small doses of an angiotensin-converting enzyme (ACE) inhibitor.
•	 	Controlling	blood	pressure	may	save	the	life	of	mother	and	baby	even	with	the	risks	of	fetopathy	from	

ACE inhibitor toxicity.
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associated with an increased risk of serious kidney prob-

lems in the baby. The patient can follow several possible 

approaches if she desires a pregnancy after renal crisis, but 

each contains significant risk. If the patient discontinues 

the ACE inhibitor and the blood pressure is not controlled 

with other antihypertensive drugs, then the patient must 

start taking an ACE inhibitor again. Otherwise, she is 

likely to experience severe deterioration in renal function 

and potential harm to the fetus as well. Another possible 

way of managing the pregnancy would be to use a small 

dose of ACE inhibitor together with a non-ACE inhibitor 

to control blood pressure together with close monitoring 

of oligohydramnios or other signs of fetal abnormalities. In 

any situation the patient and her partner have to seriously 

consider a variety of options and potential outcomes before 

deciding whether to become pregnant or continue a preg-

nancy. There are no easy answers. 

Management of pulmonary 
hypertension during pregnancy
Analogous to SRC, PAH may have devastating effects on 

both mother and infant as there is significantly less reserve 

in the pulmonary arterioles to reduce vascular resistant 

to accommodate the increased blood volume and cardiac 

output that is required to maintain a normal pregnancy. 

Co-management with pulmonologists experienced with 

PAH is essential. Case reports have described the successful 

use of epoprostenol and sildenafil during pregnancy (Steen 

and Chakravarty, 2012). Anticoagulation with low-molec-

ular-weight heparin is recommended to reduce the risk of 

thromboembolism, and some have suggested use of supple-

mental oxygen to maintain a partial pressure of oxygen 

>70 mmHg. Inhaled NO has been used in extreme circum-

stances during labour and delivery. 

Delivery and anaesthesia
The pregnant patient with SSc provides an anaesthetic chal-

lenge that needs to be carefully considered and discussed 

before delivery (Younker and Harrison, 1985). SSc pres-

ents several mechanical difficulties due to thickening skin 

and secondary tissue contractures. This may make it diffi-

cult to get easy venous access, take vital signs or position 

the limbs for delivery. Regional anaesthesia, particularly 

an epidural block, offers the most benefit during delivery. 

It delivers adequate anaesthesia and also provides peri-

pheral vaso dilatation and increased skin perfusion of 

lower extremities. Smaller-than-normal doses of regional 

anaesthesia might be used, because patients with SSc 

may exhibit prolonged motor and sensory blockade after 

delivery. General anaesthesia should be avoided because of 

the difficulty of intubation in a small-mouthed patient with 

SSc and concerns about aspiration. 

Other measures that could prevent problems related 

to Raynaud’s phenomenon during delivery should be 

routinely used, including warming the delivery room, 

warm intravenous fluids, thermal socks and warm external 

compresses. There should be no hesitation about carrying 

out a caesarean section if necessary, because even the 

tightest abdominal skin usually heals if care is taken in the 

surgical repair of the incision.

After delivery
Postnatal care should include continued attentiveness to moni-

toring disease activity, particularly progressive skin changes, 

new signs of cardiopulmonary disease or new hypertension, so 

that therapeutic intervention can begin immediately. There are 

no data on postpartum depression being greater in SSc than in 

any pregnancy, but given the complexity of the situation, one 

should be on the alert for emotional distress. Necessary drugs 

that had been disrupted specifically because of the pregnancy 

should be reinstituted promptly, provided they are not contra-

indicated during breastfeeding or the patient decides against 

breastfeeding. Strict follow-up should continue also in the 

months after delivery, particularly in women with diffuse or 

recent onset disease, and especially if they are anti-topoisom-

erase-positive.

Disease subsets
No definite differences in pregnancy outcomes have been 

found between women with lcSSc and those with dcSSc, 

though some possible trends have been observed. Steen in 

her prospective study (Steen, 1999) recorded a higher prev-

alence of miscarriages in women with dcSSc with symptoms 

for >4 years, while most preterm births occurred in women 

with symptoms of dcSSc for <4 years. The IMPRESS study 

recorded a higher prevalence of some worse outcomes in 

dcSSc, but this was not statistically significant (table 1): 

IUGR, preterm deliveries, caesarean sections, very low 

birth weight and SGA babies.

Women with dcSSc of <3–4 years’ duration may be at 

higher risk of disease progression during pregnancy or after 

delivery; in these women pregnancy might be postponed or, 

if pregnant, they should be strictly followed up.
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Summary points

•	 SSc can have a profound effect on a woman’s life, including sexual activity. Patients can in many 

situations	adapt	to	some	of	the	problems	and	anticipate	difficulties	by	being	more	prepared.	

Attention to symptoms of depression, keeping warm and using vaginal lubricants may be simple 

but important interventions. 

•	 Although there have been some suggestions that infertility is increased in patients with SSc, 

fertility is normal in women with established SSc when this is adjusted for factors such as the 

number of women who have never married, who are sexually inactive or who have chosen not 

to have children. 

•	 The rate of spontaneous losses in women with SSc regularly followed up as high-risk preg-

nancy is comparable to that expected in the general population, even though patients with 

late dcSSc with more internal organ involvement might have higher risks of miscarriage than 

other subsets.

•	 Prematurity is clearly increased in women with SSc, as it is in other rheumatic diseases, such as 

systemic lupus erythematosus, antiphospholipid antibody syndrome, etc. Management by high-

risk pregnancy teams including neonatologists is very important to obtain the best outcomes for 

these	babies,	since	prematurity	is	the	first	recognised	cause	of	neonatal	mortality	and	long-term	

neurological impairments in children. 

•	 A placental vasculopathy has been observed in some women with SSc.

•	 Overall,	 SSc	 generally	 remains	 stable	 in	 most	 pregnancies.	 Musculoskeletal	 problems	 remain	

stable, gastro-oesophageal symptoms may worsen, Raynaud’s phenomenon may temporarily 

improve, and skin thickening might worsen in a minority of women.

•	 Renal, cardiac and pulmonary diseases seem not to be affected by pregnancy. Women with 

pulmonary hypertension should be strongly counselled to avoid pregnancy as it remains a condi-

tion associated with high risks for maternal and fetal morbidity and mortality.

•	 Management of patients with SSc before and during pregnancy includes evaluation of organ 

involvement and autoantibody analysis, discontinuation of drugs with teratogenic poten-

tial (bosentan, mycophenolate mofetil, methotrexate, etc), preconceptional use of folic acid, 

cautious use of proton pump inhibitors, histamine blockers or calcium channel blockers for 

gastrointestinal and vascular problems, avoidance of corticosteroids if possible, high-risk 

obstetric	care,	frequent	blood	pressure	monitoring	and	aggressive	treatment	of	any	hyper-

tension, warming of the delivery room, careful attention to the episiotomy and caesarean 

section	incisions,	which	generally	heal	without	difficulty,	continued	careful	monitoring	post	

partum, with early reinstitution of medication and aggressive treatment of hypertension, if 

present.

•	 Scleroderma renal crisis occurs during early dcSSc with or without pregnancy; management must 

be with ACE inhibitors despite risks to the baby. 

•	 Women with dcSSc are at a greater risk of developing serious cardiopulmonary and renal prob-

lems early in the disease, so they should be encouraged to delay pregnancy until their disease 

stabilises.
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After giving a brief background, this chapter will be divided 

into three parts:

 • Current classification criteria for systemic sclerosis (SSc).

 • Definition of very early and early systemic sclerosis.

 • A step-by-step guide of the approach to a patient with 

potentially ‘very early and early SSc’.

Background

Systemic sclerosis (SSc) is a chronic, connective tissue 

disease characterised by widespread fibrosis of the skin and 

internal organs, small-vessel vasculopathy and immune 

dysregulation with production of autoantibodies. The inci-

dence of SSc is estimated to be between 4 and 20 new cases 

per 1 000 000. The prevalence is between 30 and 450 cases 

per 1 000 000 in some studies (Mayes, 2003; Chiffolt et al, 

2008); it was estimated to be 158/106 population in a French 

multiethnic group (Le Guern et al, 2004). In the USA the 

prevalence ranged from 3 to 21/106 population (Mayes et al, 

2003). SSc is also characterised by a high level of clinical 

heterogeneity, an unpredictable course, high mortality and 

resistance to treatment (Varga and Abraham, 2007).

 For this reason, it is considered a very real challenge in 

the management of rheumatic diseases. 

The definition of SSc has been extensively discussed 

in other sections of this book and, in this section; we will 

consider the patient with very early and early SSc only. The 

two main questions are:

 • ‘Why do we need a ‘very early’ and ‘early’ diagnosis of 

SSc?’

 • ‘How we can recognise a patient in a ‘very early’ or ‘early’ 

phase?

SSc is easy to diagnose when the disease has already 

evolved to obliterative vasculopathy, with skin fibrosis and 

significant organ involvement, but the American College 

of Rheumatology (ACR) or LeRoy and Medsger (2001) 

criteria are not sensitive to very early or early diagnosis 

of SSc. This suggests that the diagnosis and consequently, 

appropriate treatment are delayed until skin involvement 

and/or internal organ involvement are evident (Lonzetti 

et  al, 2001; Hudson et  al, 2007; Walker et  al, 2007) and 

probably already irreversible (Czirjak and Matucci-Cerinic, 

2011). This limits the possibility for early treatment and 

the potential for prevention of disease evolution and tissue 

damage. Moreover, the patient’s appearance changes owing 

40 Very early and early systemic 
sclerosis

Silvia Bellando-Randone, Daniel F Furst,  
Marco Matucci-Cerinic

Learning objectives

•	 To know the signs and symptoms of very early and early systemic sclerosis (SSc).

•	 To appreciate the importance of a very early and early diagnosis of SSc.

•	 To develop an approach for a very early and early diagnosis of SSc.
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to skin sclerosis, muscle atrophy and joint contracture; 

consequently, SSc has a substantial impact on the patient’s 

emotional and psychological well-being (Del Rosso et  al, 

2004; Valentini and Matucci Cerinic, 2007) and also loss of 

function and an impaired quality of life. 

Raynaud’s phenomenon (RP) is a common initial 

symptom in many connective tissue diseases (CTDs): we 

know that it can be primary but also that it can be the 

sentinel sign of an underlying disease, and its identification 

and then follow-up are crucial points for the management 

of SSc. In a study by Hirschl et  al (2006), during a mean 

follow-up period of 11.2 (SD 3.9) years, the prevalence of 

transition from primary to secondary RP, identified by 

diagnosis of an associated disease, was 14.9% of cases. 

In a previous attempt to define criteria for the diagnosis 

of ‘early’ SSc (LeRoy and Medsger, 2001), RP was proposed 

as one of the defining clinical features, despite its lack of 

specificity. RP may sometimes precede by decades the onset 

of cutaneous or visceral sclerosis (especially in its limited 

form) and for this reason particular attention should be 

paid to this symptom, even in the absence of other signs of 

disease. 

Very early stages of SSc are clinically characterised by the 

onset of RP, puffy fingers (PF) and often, by the presence of 

SSc-specific autoantibodies (Koenig et al, 2008). Neverthe-

less, based on previous diagnostic criteria, the diagnosis of 

SSc can be delayed for several years after the onset of RP 

and even after the onset of the first non-RP symptom.

Preliminary data from the EULAR Scleroderma Trial 

and Research group (EUSTAR) database (Walker et  al, 

2007) indicate that the time between the onset of RP and 

the first non-RP symptom or sign in SSc is a mean of 4.8 

years in limited cutaneous SSc (lcSSc) and a mean of 1.9 

years in diffuse cutaneous SSc (dcSSc). This time gap 

between symptoms and diagnosis, mainly based on dermal 

or internal organ fibrosis, is the ‘window of opportunity’ 

for a patient with SSc and therefore should be our future 

target. It is an opportunity to intervene earlier in the disease 

course, thus potentially preventing organ damage.

The very early or early diagnosis of SSc would therefore:

 • Create a ‘window of opportunity’ for follow-up and 

treatment. 

 • Provide potential to block or slow disease progression.

 • Permit early monitoring for organ-based complications.

Today, the available SSc diagnostic and classification 

criteria provide an opportunity for identifying SSc as soon 

as possible.

Classification criteria
The main problem for those patients who are in the very 

early or early phase of the disease may be the lack of vali-

dated diagnostic criteria. This, in turn, limits patient 

evaluation and classification and precludes the opportunity 

for managing the patient in the earliest stage of disease. 

In the past, SSc was classified and diagnosed according to 

the ACR classification criteria (1980), which required the 

presence of either skin sclerosis proximal to metacarpo-

phalangeal or metatarsophalangeal joints, or the presence 

of two of three secondary criteria—sclerodactyly, digital 

ulcers or lung fibrosis (Subcommittee for scleroderma 

criteria of the American Rheumatism Association Diagnostic 

and Therapeutic Criteria Committee, 1980). To overcome 

the limitations of these ACR criteria, many classification 

schemes have been developed but all of them distinguish 

between lcSSc (where the skin lesions are distal to the 

elbows and knees +/- the face) and dcSSc (which affects 

the skin proximal to the elbows and knees, often including 

the trunk +/- face). The further classification of SSc into 

subsets is useful in the clinic but cannot help to define or 

understand very early or early SSc. 

In 1996, the term prescleroderma was coined to iden-

tify patients with RP plus digital ischaemic changes and 

typical nailfold capillary changes or disease-specific circu-

lating antinuclear antibodies (ANA) (Fine et  al, 1996). 

Subsequently, LeRoy and Medsger (2001) proposed the 

term limited SSc (lSSc) as opposed to limited cutaneous 

SSc (lcSSc). lSSc pertained to cases presenting with RP 

and either an SSc-type nailfold capillary pattern or SSc- 

selective autoantibodies. The aim of LeRoy and Medsger 

(2001) was to define criteria for the early diagnosis and 

classification of SSc in patients who did not satisfy the 

ACR criteria for the disease (Subcommittee for sclero-

derma criteria of the American Rheumatism Association 

Diagnostic and Therapeutic Criteria Committee, 1980). 

Therefore, they did not mention which other symptoms/

signs/laboratory findings/instrumental findings should be 

considered as exclusion criteria for a diagnosis of lSSc. In 

a large prospective study, Koenig et al (2008) found that 

patients with RP with SSc marker autoantibodies and/

or typical capillaroscopic abnormalities and without any 

other clinical manifestation are 60 times more likely to 

develop definite SSc (by ACR preliminary criteria) than 

other patients with RP.

An international ACR/EULAR collaborative initiative 

developed new classification criteria for SSc (table  1). 

 Twenty-three items were identified and then reduced 
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to seven and weighted, and a provisional threshold was 

proposed (van den Hoogen et al, 2013). The higher sensi-

tivity of these new classification criteria in comparison 

with the previous ACR criteria has been reported with 

the analysis of a cohort of 304 patients with early or 

established SSc (Jordan et  al, 2015). This showed that 

they classified more patients as definite SSc than the ACR 

criteria.

Early SSc
Up to now, the definition of early SSc has been used with 

different meanings. In 2001, Le Roy and Medsger proposed 

criteria for the diagnosis and classification of early SSc 

including RP with SSc-type nailfold capillary pattern (giant 

capillaries and or avascular areas) and/or SSc selective 

autoantibodies (Le Roy and Medsger, 2001). Three years 

later, Medsger Jr identified as early SSc a disease stage 

that precedes the development of atrophic lesions and 

irreversible vascular occlusion in dSSc (<3 years from the 

first non-RP symptom) or lSSc (<5 years) (Medsger, 2004). 

In 2008, patients with early SSc were considered to be 

those with RP and either SSc-specific autoantibodies or 

typical capillaroscopic abnormalities or both, who have 

high probabilities of developing SSc during a long-term 

follow-up (Koenig et al, 2008). 

The EUSTAR group has proposed new preliminary 

criteria for the diagnosis of very early SSc. This is a 

state characterised by RP, puffy fingers, disease- specific 

autoantibodies and pathognomonic microvascular alter-

ations detected by capillaroscopy (requiring at least 

two, or better, all four items to be present without skin 

and internal organ involvement (Matucci-Cerinic et  al, 

2009; Avouac et al, 2011). A preliminary analysis of the 

VEDOSS (Very Early Diagnosis of Systemic Sclerosis) 

EUSTAR multicentre study, a project designed to vali-

date the very early diagnostic criteria, highlighted the 

fundamental role of PF as a pivotal sign that raises the 

suspicion of underlying very early SSc in patients with 

RP. Almost 90% of ANA+ patients with RP with previous 

or current PF already had a nailfold videocapillaroscopic 

SSc pattern and/or SSc-specific autoantibodies. These 

results also suggest that patients with ANAs and PF 

should be followed up and investigated carefully as 20% 

of them presented sclerodactyly and other SSc signs—for 

example, SSc pattern on nailfold capillaroscopy, oeso-

phageal symptoms and raised erythrocyte sedimentation 

rate (Minier et al, 2014). 

EUSTAR has therefore identified four signs that are 

necessary to raise a suspicion of very early SSc and then 

permit diagnosis: 

 • Suspicion of very early SSc: referral to specialised centre 

is needed when RP, puffy swollen digits turning into 

sclerodactyly and ANA positivity are present. 

 • Diagnosis of very early SSc is then made when specific 

antibodies (anticentromere and anti-topoisomerase I) 

and/or an abnormal capillaroscopic pattern compatible 

with SSc (early, active, late) is detected (Avouac et  al, 

2011). 

No individual early disease clinical feature is specific 

for SSc, as other entities may also display a combination 

of these characteristics—for example undifferentiated 

CTD (UCTD) (early phases of CTDs that, at their onset, 

are undefined and may or may not evolve into defined 

CTDs) (LeRoy et  al, 1980; Mosca et  al, 2014) or mixed 

CTD (MCTD) (Cappelli et  al, 2012). Prescleroderma, 

UCTD and MCTD are all characterised by RP and it is 

Table 1 ACR/EULAR revised classification criteria for systemic 

sclerosis.

Criteria Subcriteria Weight

Skin thickening of the 
fingers of both hands 
extending proximal to 
MCP joints (sufficient 
criterion)

9

Skin thickening of the 
fingers (count the highest 
of the two)

Puffy fingers
Sclerodactyly of 
the finger, distal 
to MCP joint

2
4

Fingertip lesions (count 
the highest of the two

Digital tip ulcers
Pitting scars

2
3

Telangiectasias 2

Abnormal nailfold 
capillaries

2

Pulmonary arterial 
hypertension and/or lung 
disease (maximum)

PAH
ILD

3

RP 3

SSc-related autoantibodies 
(anti-centromere, anti-
Scl-70 and anti-RNA 
polymerase II)

3

A total score of ≥9 is 
classified as systemic 
sclerosis

ILD, interstitial lung disease; MCP, metacarpophalangeal; PAH, 
pulmonary arterial hypertension, RP, Raynaud’s phenomenon.
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well known that in only about 33% of patients will RP 

evolve to SSc (Bellando Randone et al, 2009).

Valentini et  al (2011) have shown that the internal 

organ involvement in SSc is early and subclinical. In a 

high proportion of patients studied the following were 

found: SSc-related internal organ involvement, including 

an inverted mitral E/A ratio (ie, diastolic dysfunction as 

a measure of early cardiac involvement) and/or a transfer 

factor for carbon monoxide (TLco) <80% of the predic-

tive value (ie, early lung interstitial/vascular involvement) 

and/or basal low oesophageal sphincter pressure <15 

mm Hg (ie, early oesophageal involvement). These data 

seem to identify the subset of patients with SSc whose 

disease has already evolved to early organ involvement 

and therefore might be identified not as very early but as 

early SSc. 

In conclusion, RP and puffy swollen digits turning 

into sclerodactyly were considered in a final consensus 

of the EUSTAR members to be ‘red flags’, followed by the 

presence of capillaroscopic abnormalities and/or specific 

antibodies for a final diagnosis of very early SSc (figure 

1). When a diagnosis of very early SSc is made there are 

two possibilities: first, the patient does not fulfil the ACR/

EULAR criteria for SSc and should be cautiously followed 

up and evaluated before a disease-modifying treatment 

is chosen and second, that the patient already fulfils the 

ACR/EULAR criteria for SSc and further investigations 

show an internal organ involvement, thus entering into 

the early SSc phase. 

Valentini et al (2014) consider early SSc a disease stage 

in which classification criteria are not yet satisfied and 

there are different degrees of probability of developing a 

full-blown disease, from low to very high, but there is not 

an absolute certainty. 

More recently, patients with early SSc were identi-

fied as those who met the criteria for very early disease 

and also presented incipient oesophageal involvement 

(gastro- oesophageal reflux or hypotonic lower oesophageal 

sphincter without oesophageal body dysmotility), decreased 

TLco without interstitial lung disease or pulmonary arterial 

hypertension, diastolic dysfunction excluding hyper tension, 

ischemic heart disease or age and/or digital ulcers or pitting 

scars, telangiectasia, calcinosis or arthritis. It has been 

reported that the early subset of disease has a higher risk of 

progression to definite SSc than the very early subset and 

that gastro-oesophageal involvement is an independent risk 

factor of progression to definite SSc (Trapiella-Martínez et al, 

2017).

The approach to the patient with very 
early or early SSc
When a patient with RP and PF is identified, ANA and 

specific antibodies (anti-topoisomerase, anticentromere, 

RNA polymerase III) should always be determined and 

capillaroscopy carried out. If these are positive, thus 

determining the diagnosis of very early SSc, internal 

organ involvement (dysfunctional lower oesophageal 

sphincter, ground glass on high-resolution computed 

tomography, TLco reduction on pulmonary function 

tests and modified E/A ratio) should be investigated and, 

if present, a diagnosis of early SSc made. When internal 

organ involvement is not detected, the patient should 

be followed up annually. When internal organ involve-

ment is detected and the diagnosis of early SSc is made, 

some experts may choose to use aggressive treatment 

for preventing disease progression, despite the acknowl-

edged potential toxicity of such treatment. 

How to make a correct diagnosis?
A complete history and clinical examination are always 

mandatory. Any suspicion can be confirmed or refuted by 

further clinical and/or laboratory investigations.

First, a general examination is necessary and the differ-

ential diagnosis for RP carefully investigated. Together with 

the main signs of very early SSc, other signs like telangi-

ectasias, digital ulcers and digital pitting scars may have a 

significant weight in the definitive diagnosis of SSc made 

with the ACR/EULAR criteria. 

Figure 1 Diagnostic criteria for very early/early SSc. ACA, anti-

centromere antibodies; ANA antinuclear antibodies; SSc, systemic 

sclerosis, topo I, topoisomerase I.
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Figure 2 Algorithm used to achieve the most precise diagnosis. ACA, anticentromere antibodies; ANA, antinuclear antibodies; HRCT, 

high-resolution computed tomography; mRSS, modified Rodnan Skin Score; RNA Pol III, RNA polymerase III; RP, Raynaud’s phenomenon; 

SSc, systemic sclerosis; TOPO I, topoisomerase I.
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Serology: anti-Scl-70, ACA

if either one is positive, diagnosis of very early SSc is possible and further

investigations are needed to evaluate a possible involvement of internal

organs

1.   Oesophageal manometry

2.   Chest HRCT

3.   Pulmonary functions test

4.   Echocardiography

if either one is positive, diagnosis of early SSc is possible and further

investigations are needed to evaluate possible internal organ involvement 

(SSc pattern: EARLY, ACTIVE, LATE)

TOPO I, CENTROMERE, RNA Pol III

In presence of the “RED FLAGS” (ANA, Raynaud’s phenomenon, puffy fingers/ sclerodactyly) there is

suspicion of very early systemic sclerosis.

Presence

of digital

ulcers

Presence

of pitting

scars

Teleangiectasias Subcutaneous

calcifications

Date of onset of

RP

Date of first non-

Raynaud’s

manifestation

and its type

(swollen hands,

digital ulcers,

arthritis, other)

Presence of

digital

ulcers/pitting

scars

Symptoms

consistent

with median

nerve

compression

at the wrist

Oesophageal

reflux

Erectile

dysfunction

(if applicable)
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The algorithm to achieve the most precise diagnosis is 

presented in figure 2.

As reliable predictors of the future course of disease 

are still unknown, the patients must be followed up regu-

larly even though the ideal frequency of each visit has not 

yet been established. Further studies on large cohorts are 

required to define the role of these and other potential 

activation markers.

Conclusion
The very early and the early diagnosis of SSc and a definite 

SSc classification are today mandatory to achieve the early 

opportunity for treatment. Clearly, the ability to decipher 

the riddle of very early/early SSc is crucial to decide whether 

aggressive treatment is necessary. The dilemma today is to 

treat or not to treat patients in the earliest phases of the 

SSc spectrum. For example, should immunosuppression 

be used in patients with purely vasculopathic manifes-

tations (ie, PF, nailfold capillaroscopic changes and skin 

ulcers)? For the moment, the only feasible clinical strategy 

in very early or very mild SSc remains close follow-up and 

aggressive treatment of early internal organ involvement 

as it appears, as reliable predictive biomarkers of disease 

evolution are, unfortunately, missing (Bellando-Randone 

and Matucci-Cerinic, 2017).

In the future, we need to identify predictors of evolu-

tion that will allow us to understand in which patients their 

disease will evolve with visceral involvement in order to 

treat them promptly before internal organ damage occurs 

(Kowal-Bielecka et al, 2009).
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Summary points

•	 The ACR or LeRoy and Medsger (2001) criteria are not sensitive for detection of very early or early SSc.

•	 The delay in diagnosis limits the possibility of early treatment and the potential for preventing 

disease evolution and tissue damage.

•	 Raynaud’s phenomenon (RP) is a frequent initial sign in connective tissue diseases, especially in SSc.

•	 For a correct diagnosis a general examination is necessary and the differential diagnosis for RP 

should be carefully performed.

•	 In the presence of ‘red flags’ (antinuclear antibodies (ANA), RP, puffy fingers (PF)/sclerodactyly) 

there may be a suspicion of very early SSc.

•	 If ANA, RP, PF/sclerodactyly are present, the positivity of anticentromere or anti-topoisomerase 

I antibodies and nailfold capillaroscopy is the sign that may corroborate the diagnosis of very 

early SSc.

•	 Dysfunctional lower oesophageal sphincter, ground glass on high-resolution computed tomog-

raphy, TLco reduction on pulmonary function tests and E/A’ ratio reversal positivity may indicate 

the diagnosis of early SSc. To decipher the riddle of very early/early SSc is crucial for deciding 

whether aggressive treatment is warranted. Patients must be followed up regularly even though 

the ideal frequency of such visits has not yet been established.
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