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Abstract
Objective-To describe the clinical and
non-clinical factors which influence the
waiting time from initial angiography to
angioplasty.
Design-Follow up of a random sample of
106 patients undergoing their first coron-
ary angiography for whom a decision to
revascularise by percutaneous trans-
luminal angioplasty was made in 1991.
The period between the date of angio-
graphy and the date of angioplasty and
various clinical characteristics of patients
were retrieved from medical notes in mid-
1993. Patients were sampled from those
investigated in the two Northern Ireland
catheterisation laboratories in Belfast,
which provide services for the whole ofthe
province (population 1 5 million).
Main measures-The dependent variable
was the period between initial angio-
graphy and angioplasty, and the indepen-
dent variables included age, sex, distance
from cardiac catheterization centre,
referral source, characteristics of the
clinical history, severity of angina, and
anatomical extent of disease. Cox's pro-
portional hazards analysis was used to
derive a relative hazard, expressing the
relative chances of revascularisation
occurring at any time during follow up.
Results-Of the 106 patients studied, 93
had had percutaenous transluminal
angioplasty at follow up. The most im-
portant predictors of waiting time were
the presence of severe angina (relative
hazards 3 1(95% confidence interval (95%
CI) 1-4-6*8) and 2-7(1-2-6-2) for Canadian
Cardiovascular grades III and IV v angina
grade I angina), a recent history of
myocardial infarction (relative hazard,
2.5(1-3-4.8), and whether or not the
patient was economically active (relative
hazard 0-6(0*4-1*0) for economically
inactive v active patients). Although there
was also an association with the relative
deprivation of the area of residence of the
patient it had no clear linear trend.
Conclusions-Although waiting time for
percutaneous transluminal angioplasty
was predictably related to the patient's
clinical presentation, demographic fac-
tors may also be important in determining
access to intervention. These factors
clearly merit further study; ultimately, the
evaluation of equity in a waiting time
distribution may more properly be a
societal rather than a clinical judgment.
(Quality in Health Care 1995;4:244-249)

Keywords: coronary angioplasty,
predictors, demographic factors

waiting time,

Introduction
Recently, the Clinical Standards Advisory
Group highlighted the variation in access to
revascularisation services across the country
and one of the key concerns was the lack of
clear criteria with which to prioritise patients.'
Similar sentiments have been expressed by the
Scottish Home and Health Department2 and by
the chief medical officer for Northern Ireland,3
where, despite improvements over the past
decade, mortality rates from coronary heart
disease are still among the highest in the world.
Although the appropriateness of invasive
assessment and revascularisation for coronary
heart disease has previously been studied in the
United Kingdom,4 little has been reported on
the adequacy of the prioritisation process. The
most notable research has been on what
determines urgency for surgical revascular-
isation and is to be found in a series of reports
from Ontario.7"12 Most of these studies have
been based on the views of consensus panels or
of surveyed specialists and seem to point both
to clinician specific8'-2 and to institution
specific" variation in queue forming criteria.
There are scant data in the United Kingdom
with which to demonstrate the impact of
clinical and non-clinical factors on waiting
times for angioplasty. The need to monitor and
promote equity for patients accessing such
services has recently been highlighted.'3 This
study attempts to describe the effects of clinical
and non-clinical factors in a randomly drawn
cohort of patients from one region.

Methods
This study, initiated soon after the chief
medical officer's report,3 forms part of a more
comprehensive investigation into access to
specialised cardiological assessment and treat-
ment throughout Northern Ireland. Facilities
for cardiac catheterization (and angioplasty)
in the province (population 15 million) are
provided in only two hospitals, the Belfast City
Hospital and the Royal Victoria Hospital,
situated about one mile apart in Belfast. Each
catheterization laboratory maintains a register
of daily activity which gives the patients' names
and the types of procedures undertaken. In
1991 the Belfast City Hospital undertook 860
procedures and the Royal Victoria Hospital
1607. We generated a list of random numbers
and with this selected a sample of 500 patients
from the registers (weighted in proportion to
their share of total activity). When the hospital
notes indicated that the procedure undertaken
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was not the first angiography carried out on
that patient, the next eligible patient in the
register was selected. The methods have been
reported in detail elsewhere.'4
The group studied consisted of the 106

patients for whom coronary angioplasty was
the intended treatment as indicated at the time
of a joint surgical and cardiological catheter-
isation conference. The medical notes of these
patients were retrieved during the summer of
1993. We sought a range of information,
including (a) age, sex, address (postcode and
electoral ward), occupation, employment
status, and referral source (from a cardiologist/
physician working in a Belfast hospital versus
"other"); (b) smoking habit, body mass index,
family history (any first degree relative aged
under 65 with myocardial infarction or sudden
cardiac death), comorbidity (any previous
treatment for hypertension, diabetes, or hyper-
lipidaemia), and severity of angina (Canadian
Cardiovascular Society grade'5). Whether the
angiogram was being performed after a myo-
cardial infarction was also recorded. Because
the Canadian Cardiovascular Society scale
does not satisfactorily define unstable
angina,'6 only allowing within class IV that
pain at rest "may be present," the presence of
either severe angina, or unstable angina was
categorised as one class.'6 At the time of
angiography, the total number of vessels with
> 50% stenosis was recorded, as were the
results of an exercise treadmill test if this was
performed. For each patient, the waiting time
from the date of angiography to the date of
angioplasty (if it occurred during the follow
up), was noted.

Because of the absence of the patient's occu-
pation from most records and the consequent
difficulty in coding social class, the usual area
of residence was categorised according to the
"material affluence" of the respective electoral
ward by deriving a Townsend deprivation
score. The score, previously shown to be
associated with spatial and social variations in
health indicators in Northern Ireland,'7 is
calculated as the sum of four equally weighted
census variables (which were originally chosen
explicitly to act as proxies for various aspects
of a lack of control over material resources).
These variables are the percentages of the ward
population who are unemployed, have no car,
live in overcrowded housing, and who are not
owner occupiers. The resultant scores for the
566 electoral wards in the province (ranging
from -5-63 to 11 -07 (affluent -+ deprived) were
ranked and then divided into quintiles based
on this distribution.
The distance in a straight line between the

patient's address and the catheterisation centre
(range 0-90 miles (about 0-145 km)) was
derived by simple trigonometry and the
resultant distances grouped into quintiles.
Some continuous variables have been

categorised into groups enabling univariate
analysis of the effect of clinical and non-clinical
factors on the time from angiography to
angioplasty to be performed by calculating x2
statistics for the log-rank test.'8 All tests were
two tailed.

Cox's proportional hazards analysis was
used to adjust for important covariates."
Patients who died or were lost to follow up
before revascularisation were censored at that
date and those who had not undergone
revascularisation at the time of data abstraction
were censored on that date.

In this analysis, performed with SPSS for
Windows, the time from angiography to angio-
plasty was the dependent variable and the most
important predictor variables were identified
by stepwise (backward) elimination. The
significance of any given variable was tested by
assessing the difference in twice the logarithm
of the partial likelihood of heirarchical models
by x2 test, with degrees of freedom equal to
the difference in the number of parameters in
the model. The derived relative hazards (and the
95% confidence intervals (95% CIs)), express
the ratio of the instantaneous chances of the
outcome event (angioplasty) taking place in
one group compared with another.

Results
Of the 106 patients for whom angioplasty was
the intended treatment, 93 actually underwent
the procedure during follow up. For those
who underwent revascularisation the median
waiting time to angioplasty was 20 days.
Table 1 describes the clinical and non-clinical
characteristics of the sample and indicates
those variables which, in the log-rank test, were
associated with the waiting time for treatment.
In this univariate analysis, only age group and
the relative affluence of the patient's usual area
of residence were significantly associated with
the waiting time.
There were some notable associations

between variables. For instance, patients
with a recent history of myocardial infarction
were less likely to have severe anginal symp-
toms (x2 = 54, degrees of freedom (df) =3,
p < 0 00 1). Those referred from hospitals
outside Belfast were more likely to have severe
angina (X2 =7799, df= 3, p =0.046) and less
likely to have a history of recent myocardial
infarction (X2 = 3-66, df= 1, p = 0 056) or to
come from a "well off" area (X2 = 9-96, df= 4,
p = 0-041). The younger patients were more
likely to be economically active (X2 = 26, df= 2,
p < 0 00 1). After simultaneously adjusting for
covariates and potential confounding, the
variables which were predictive of waiting time
in the Cox's proportional hazards model were
the presence of a recent history of myocardial
infarction, the severity of symptoms, the
relative affluence of the patient's usual area of
residence, and the employment state of the
patient. Table 2 gives the relative hazards
(95%/o CIs) for these variables after adjustment
for covariates. Those with severe symptoms
(stable grade IV angina or unstable angina)
were 2-7 times more likely to receive
angioplasty than those with grade I disease.
Independent of the severity of symptoms, the
relative chance of revascularisation occurring
during follow up were 2-5 times more likely if
there was a recent history of myocardial
infarction. After adjusting for age and sex, the
economically inactive patients (unemployed
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Table I Univariate relation between predictor variables and waiting time for angioplasty

Vanable Categories No of No undergoing No Median tiune to p Value
subjects revasculanrsation censored angioplas/tv (dawns)

Age (years)

Body mass index

Sex

Marital status

Employment status

Smoking status

Referral hospital

Distance quintile

Deprivation quintile

History of myocardial
infarction
Family history of
ischaemic heart disease
Comorbidity§

Angina severity

Recent history of
myocardial infarction
Number of vessels stenosed

Treadmill test

Under 45
45-64
65+
under 25
25-29
30+
Male
Female
Married
Single
Divorced/widowed/
separated
Missing data
Active*
Inactive
Missing data
Current
Non+ex
Missing data
Belfast Hospital
Other
it
2
3
4
5
Missing data
if
2
3
4
5
Missing data
Yes
No
Positive
Negative
Present
Absent
I

III
IV or Unstable
Missing data
Yes
No
0-1
2
3 or more
Definitely +ve
Other

19 12 0 7 8315 0017
73
21
44
46
16
83
23
82
1 1
1 1

56
48
1

40
65

1
64
42
24
15
19
24
20
4

20
24
17
21
20
4

60
46
58
48
5 1
55
42
31
19
12
2

60
46
59
33
14
34
72

62
19
38
42
13
74
19
71
10
10

49
42

35
58

55
38
21
14
17
19
19

19
24
15
15
17

52
41
48
45
45
48
34
28
19
1 1

52
41
52
32
9

62
31

I 1
2
6
4
3
9
4

11
1
1

7
6

)

9
4
3
1
2
5
1

0
2
6

8
5

10
3
6
7
8
3
(3
1

8
)

7
1
5

10
3

28
14
27
14
41
26
7

23
9
7

14
28

23
14

14
20
9

14
28
14
52

7
7

47
69
7

8
49
27
1(0
26
14
8

33
9

20

8
49
9

20
69
9

57

( 09 0 637

0 03 0 868

1 63 0 443

(017 0 679

(0(8 0(775

1 21

1-86

02 71

(0761

13 96 0 007

1 41 0 236

1 1 0 295

(38 0 37

4l17 0 243

1 41 0 236

5)91 0 052

1 67 ( 197

*Employed v unemployed patients, housewives, and retired patients combined.
tQuintile of distance from the angioplasty centre.
tQuintile of deprivation ranked by Townsend deprivation score.
§History of treatment for hyperlipidaemia, hypertension, or diabetes.
(Canadian Cardiovascular Society grade.

patients, retired patients, and housewives)
were 0-6 times less likely than economically
active (employed) patients to receive angio-
plasty during follow up.
Although there was a significant association

between waiting time and the relative depri-

Table 2 Relative hazards derivedfrom Cox 's proportional
hazards analysis: clinical and non-clinical predictors of
waiting time

Vanable Relative hazard (95% y (df) p
confidence intervals) Values

Severity of angina:
II v I 1-74(0 81 to 3-74)
III v I 3-14(144 to 6 81)
IV* v I 2-69(1-18 to 6-15) 9-47(3) 0 024

History of infarction 2-47(1-27 to 4-81) 6 60(1) 0 010
"Deprivation"t
Q2 v Ql 1-49(0 80 to 2-77)
Q3 v Q1 1-00(0-49 to 2-06)
Q4 v Q1 0-35(0-17 to 074)
Q5 v Q1 0 75(0 35 to 1-59) 16-51(4) 0-002

Economically 0-65(0-41 to 1-05) 3-20(1) 0 07
inactive v active

*Grade IV angina and unstable angina combined.
tQuintile of deprivation (Townsend) scores.
tUnemployed patients, retired patients, and housewives
combined v employed patients.

vation of the patient's area of residence, it
showed no linear trend. The figure (a-d) shows
the univariate relation between the interval
from angiography to angioplasty and these
variables.

Because there was no clear linear trend, the
model containing the variables shown in table
2, was further investigated by attempting to fit,
one at a time, terms for the possible two way
interactions. None of these were significant.

Discussion
Although the Clinical Standards Advisory
Group noted wide variation between hospitals
in waiting times for revascularisation, it
recognised that any meaningful assessment of
the prioritisation process would require more
detailed information on workload and case
mix.' Unlike the Clinical Standards Advisory
Group study, however, the effect of com-
missioning on waiting times was not part of our
focus. Although there are four health boards
purchasing these services, live contracts did not
come into operation until April 1992 and for
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1.0 A i . queuing process brought about in many
Symptom severity instances, he surmised, by poor channels of

_.8 °°- CCS IV or unstable communication between general practitioners,0.8 | Up vCCS III district hospital physicians, and cardiologists.
CCS I There are few studies to compare ours with

0.6 A directly because the focus of much previous
work has been on surgical revascularisation. In

04 a comparison of three hospitals in Ontario,
Canada, waiting times for revascularisation
were twice as long for patients who were

0.2 - catheterised by off site cardiologists than those
referred by on site practitioners.'2 In another

0o 5 study patients admitted with acute myocardial
0 0 50 100 150 200 250 300 350 400 infarction to hospitals with a cardiac surgery

service on site were found to be more likely to
receive revascularisation within six months

1.0SB than patients initially presenting to a hospital
_ Economically inactive without this service.20 Therefore, at least for

08 _-[ Economically active some, our results will be reassuring, for
whereas in other parts of the United Kingdom

0.6 proximity to a surgical centre may affect a
patient's chances of ever receiving bypass
surgery,'3 21 the distance decay effect does not

0 4 - seem to apply to waiting times for angioplasty
in Northern Ireland. Nor do our findings

0.2 suggest evidence of obvious institutional
biases. This possibility had been a concern

00 0 0 1 1 2 2 30 3 before the chief medical officer's report.
0 0 50 100 150 200 250 300 350 400 The most important clinical predictors of

waiting time were severity of symptoms (the
presence of severe stable angina or unstable

1.0 C ; History of infarction angina) and a history of recent myocardial
HsoYes infarction. Arguably, the adequacy of any

0.8 -n- No prioritisation process should be gauged by the
extent to which the first patients treated are

0-6
those most likely to benefit from intervention.

0 6 _ %rh Unfortunately the type of patient most likely to
benefit from percutaneous transluminal coron-

0.4 - ary angioplasty (let alone to benefit from early
intervention) is not yet defined. For instance, in

0.2 the randomised intervention treatment of
angina (RITA) trial only 4-8% of patients

2]0 2|0 3|0 3|0 40
|potentially eligible for revascularisation wereof 0 50100150 200 250 300 350 400 actually randomised and a specific exclusion

criterion was the presence of "symptoms
requiring immediate intervention"22; in that trial

1.0 D
D

. at least, such symptoms were not explicitly5[ Deprivation quintile defined. It is difficult to be sure whether or not

0.8 5 they were symptoms associated with a particular
4

+ o o 3 angiographic coronary anatomy. Patients with
0- 3 left main stem disease should have already beenv--v 2

0.6 - 1 excluded. Furthermore, it seems that for the
very high risk group of patients with evolving

0.4 myocardial infarction, thrombolysis and
conservative management yield myocardial
salvage rates as high as immediate angioplasty.23

0.2 - The findings of the recently reported throm-
bolysis in myocardial infarction (TIMI) IIIB

00 0 50 1 1 2 2 3 3 400 trial may also be relevant.24 Two investigative° ° 50 100 150 200 250 300 350 400 strategies (after thrombolysis) in patients with
Days since angiogram unstable angina or non-Q wave infarction were

portion ofpatients still awaiting intervention: relation to: (A) symptom severity, compared. The first was an early invasive
Ieconomic activity status, (C) history of infarction, (D) deprivation quintile strategy of routine catheterization (within one
aS = Canadian Cardiovascular Society grade) or two days) followed, when possible, by

revascularisation. The second was an early
the first year thereafter, regional services (such conservative strategy that reserved angiography
as angioplasty), remained "in steady state". for patients having spontaneous ischaemia or
The chief medical officer for Northern Ireland, evoked ischaemia on stress testing. Although
however, had already drawn attention to patients managed conservatively needed more

anecdotal evidence of perceived inequity in the antianginal medication and stayed longer in

-E

CL

c
0

0.
0

c
0

0.

0

a
0

0.

CL0
a-

Pro,
(B)
(C(
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hospital, there was no significant difference in
the rate of myocardial infarction or death
between the two groups (6-5% v 8-20/) when
assessed six weeks after randomisation.
Although 97% of patients who had

percutaneous transluminal coronary angio-
plasty in the RITA trial had the procedure
performed within three months of random-
isation, nearly one fifth underwent a second
within six months and the risk of a repeat
procedure was unrelated to the number of
treatable vessels at randomisation.2'
Given that the primary use of angiography

was, until recently, for single vessel disease, we
are not surprised at the lack of association
between waiting time and the number of
diseased coronary vessels. Nevertheless, most
patients participating had either severe angina
or a history of myocardial infarction and our
own findings therefore probably reflect a
similar importance being ascribed to the
clinical presentation. Indeed the extent and
severity of stenoses alone helps very little in
predicting the outlook for an individual patient
and most myocardial infarctions are probably
associated with thrombosis and rupture of
previously non-critical stenoses.25 26 It is
salutary to remember, however, that the
incidence of unstable angina is considerably
higher after percutaneous transluminal coron-
ary angioplasty than after coronary artery
bypass grafting.2'
The tendency for economically active

patients to wait for shorter periods than the
economically inactive patients, accords with
findings from a recent survey of 120 Canadian
specialists, in which patients' work status
affected the priority for revascularisation
accorded them as much as clinical factors.'3
In our study employment status was assessed
at the time of angiography from the medical
notes and from the nursing care plan and
admission slip (both of which had computer
generated fields for this variable, to facilitate
claims for travel expenses by relatives of
unemployed patients). A prospective study
would be better suited for determining the true
nature of the association. Our results are
consistent, however, with those from a recent
survey of management of angina by general
practitioners in Northern Ireland in which
about one in five said that they would accord
employed patients and those with dependents
a higher priority for revascularisation than
unemployed patients or those without
dependents.27

In a recently reported longitudinal study,
patients on a low income were almost twice as
likely to die within five years of angiography.28
Also, the number of people dependent on the
household income was inversely related to
survival.29 The tendency to refer employed
patients sooner for angiography thus seems
contrary to the known risks.

Conceivably, clinicians consider that the
benefits of early revascularisation could en-
hance the quality of more than one life if a
bread winner is returned to productivity.
Doctors are not immune from making value
judgements such as these.25

Although smoking, as declared by the
patient and recorded in the hospital notes, did
not seem to have a bearing on waiting time, the
patients studied - those who had already
undergone angiography- are, by definition, a
preselected group. It is conceivable that the
distribution of total waiting times, either from
time of first clinical diagnosis or from time of
first hospital referral might have been different
for smokers and non-smokers. Among the
larger group of 500 patients from which the
present sample was drawn, smoking was not
significantly associated with total duration of
history of angina.'4 Anecdotally, however, it is
known that some cardiologists will delay
performing an exercise treadmill test until the
patient stops smoking, predicting that the
patient's "suitability" for revascularisation
would be otherwise affected. Indeed, in our
survey of management of angina by general
practitioners 37% of doctors said they were
likely to refer non-smokers earlier than
smokers.27
Although there was an association between

waiting time and the relative deprivation of the
patient's usual area of residence, no clear trend
was apparent. In so far as the ability of patients
to describe their symptoms adequately (or
bring them to the attention of their doctors)
may be correlated with their material affluence,
this might, in part, be an explanation for our
findings. In one recent study disadvantaged
patients were less likely to attribute symptoms
to a cardiac origin.29 Other evidence suggests
that the way in which patients present their
symptoms may affect clinical decision
making,30 31 even when cardiologists are pre-
sented with identical clinical data. Although we
must be careful to avoid overinterpretation of
the data, particularly because of the lack of a
consistent trend and the possibility of residual
confounding, our findings merit further study.
A larger more powerful study could usefully
investigate the potential for interaction be-
tween the effects of the biological and demo-
graphic factors on waiting time - for instance,
is the effect of angina grade attenuated or
enhanced for patients from affluent areas or for
the employed?
We consider this work to be only a first step

in describing the clinical and non-clinical
factors that influence waiting time but, as such,
it has attempted to go beyond the work of the
Clinical Standards Advisory Group.' We must
set the work in context and apply some caveats
to our conclusions. Our sample, although
randomly selected, is of modest size and we
have relied on data abstracted from the medical
records. We believe it unlikely, however, that
misclassification could account for the main
effects found and the basic methodology, which
has much in common with audit, has been used
successfully in assessing the "appropriateness"
of revascularisation.32 The use of aggregate
socioeconomic data is a potential shortcoming
and the sort of analysis used in this study is
obviously susceptible to the "ecological fallacy"
if it turned out, for example, that relatively well
off patients from the poor areas were the ones
receiving angioplasty sooner, or vice versa.
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Nevertheless, the method has been considered
to be robust33 and, in our particular analysis it
probably biases the estimated relation between
socioeconomic status and waiting time towards
the null value.34
A further potential shortcoming in our study

was the reliance on a retrospective collection of
data. Our methods are, however, typical of
most other studies on the topic.8 12 19 35
Whereas some doctors may be unaware of
sociological influences on their prioritisation
decisions, the act of observation in a pros-
pective study might itself bias the decision
making process. In fact some have argued for
more explicit consideration of societal benefits
in medical decision making, implying the need
for constructing a "SQALY" - a social quality
adjusted life year (QALY) - in evaluating
health service interventions.36 This approach
may have some logic, but it begs the underlying
question of what constitutes individual need
for health care.

Harris has argued that the value of life can
only sensibly be taken to be that value that
those alive place on their lives.37 It may be that
society should place greater store on some
people's capacity to benefit from health service
interventions to maximise productivity and
therefore the overall social welfare available.
The scrutiny and justification of such de-
cisions, however, cannot and must not be the
preserve of doctors alone.38
Although the study might provide useful

feedback to clinicians who will respond to the
chief medical officer's call for consensus on
prioritisation criteria, it is to be expected that
local guidelines may not "travel well." Angio-
plasty rates in Northern Ireland at the time of
the chief medical officer's report were roughly
twice those in most of the rest of the United
Kingdom.3 Nevertheless, United Kingdom
rates are still among the lowest in Europe.
Despite the very high demand on the two
catheterization laboratories the median time
between angiography and percutaneous trans-
luminal carotid angioplasty was still only 20
days. Centres in other regions face different
workloads and, unlike the situation in
Northern Ireland in 1991, commissioning
activities may have brought about much more
patient traffic across district and regional
boundaries, a potential distorting influence on
local decision making for prioritisation.
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