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ABSTRACT
Background  Most hospitals use physiological signs to 
trigger an urgent clinical review. We investigated whether 
facilitation could improve nurses’ vital sign measurement, 
interpretation, treatment and escalation of care for 
deteriorating patients.
Methods  In a pragmatic cluster randomised controlled 
trial, we randomised 36 inpatient wards at four acute 
hospitals to receive standard clinical practice guideline 
(CPG) dissemination to ward staff (n=18) or facilitated 
implementation for 6 months following standard 
dissemination (n=18). Expert, hospital and ward 
facilitators tailored facilitation techniques to promote 
nurses’ CPG adherence. Patient records were audited 
pre-intervention, 6 and 12 months post-intervention on 
randomly selected days. Escalation of care as per hospital 
policy was the primary outcome at 6 and 12 months after 
implementation. Patients, nurses and assessors were 
blinded to group assignment. Analysis was by intention-
to-treat.
Results  From 10 383 audits, improved escalation as 
per hospital policy was evident in the intervention group 
at 6 months (OR 1.47, 95% CI (1.06 to 2.04)) with a 
complete set of vital sign measurements sustained at 12 
months (OR 1.22, 95% CI (1.02 to 1.47)). There were 
no significant differences in escalation of care as per 
hospital policy between study groups at 6 or 12 months 
post-intervention. After adjusting for patient and hospital 
characteristics, a significant change from T0 in mean 
length of stay between groups at 12 months favoured 
the intervention group (−2.18 days, 95% CI (−3.53 to 
–0.82)).

Conclusion  Multi-level facilitation significantly 
improved escalation as per hospital policy at 6 months 
in the intervention group that was not sustained at 12 
months. The intervention group had increased vital sign 
measurement by nurses, as well as shorter lengths of stay 
for patients at 12 months. Further research is required 

Key messages

What is already known on this topic
	⇒ Failure to rescue patients remains 
a global problem, despite decades 
of research on recognition of and 
response to clinical deterioration 
in hospitalised patients. Testing of 
interventions to promote behavioural 
changes in clinicians to address patient 
deterioration has been lacking.

What this study adds
	⇒ Our multi-level facilitation intervention 
showed variable effect, an initial 
improvement in escalation in the 
intervention wards was not sustained, 
although increased vital sign 
measurement and reduced hospital 
stays were sustained. Between-group 
differences were not significant except 
for a reduction in length of stay.
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to understand the dose of facilitation required to impact clinical practice 
behaviours and patient outcomes.
Trial registration number  ACTRN12616000544471p

INTRODUCTION
Early detection of clinical deterioration is a primary 
goal of health professionals internationally, to reduce 
complications associated with failure to rescue.1 
However, there is clear evidence that recognition 
and response to clinical deterioration in hospital are 
frequently suboptimal and a serious patient safety 
risk.2–6 Cardiac arrest, unplanned intensive care 
admissions and unexpected death are often preceded 
by acute clinical deterioration which may be missed, 
misinterpreted or mismanaged.4 7

Rapid response systems (RRSs) were developed to 
mitigate patient safety risks through early identifica-
tion of clinical deterioration, timely notification to 
the relevant team to respond to the deterioration and 
treatment of the patient to reverse or stabilise the dete-
rioration at the point of care.8–10 Vital signs (VS) are 
the physiological tracking system universally used for 
determining urgent treatment needs. Nurses measure, 
document, interpret and monitor VS; yet, VS measure-
ment alone does not mitigate adverse outcomes; VS 
deviations must be recognised, interpreted and acted 
on to trigger an appropriate response. In RRS, VS 
thresholds dictate a predetermined action. Depending 
on the level of deterioration, the response varies 
and includes nursing intervention, local medical unit 
review or intensive care team review.

One of the only randomised controlled trials of 
RRSs to date, the Medical Early Response, Interven-
tion and Therapy (MERIT) study, involving 23 Austra-
lian hospitals, demonstrated that the implementation 
of a medical emergency team (MET) resulted in no 
reduction in the composite outcome of cardiac arrest, 
unexpected death or unplanned intensive care unit 
(ICU) admission.11 However, further analysis iden-
tified a high incidence of failed MET activation in 
eligible patients in the intervention hospitals. Failures 
to trigger the MET as intended meant that MERIT 
researchers were unable to measure MET effective-
ness because the intervention was not delivered to 
the patient as intended. Thus, the ‘MET dose’ was 

inadequate to effect change.12 Delayed or failure to 
trigger the MET counteracts one of the most important 
tenets, that early recognition and response to deterio-
ration improve patient outcomes.

After decades of research on recognition and 
response to clinical deterioration, raised interna-
tional awareness and implementation of new models 
of response, the problem of failure to rescue remains. 
Individual-level and organisational-level barriers 
have been offered as explanations for the continued 
suboptimal care in hospitals. Individual knowledge, 
education, fear of criticism, professional hierarchies, 
excessive workloads, low staffing levels, variable 
RRS implementation across units, inadequate surveil-
lance systems and high patient turnover have all been 
described as impacting patient outcomes following 
clinical deterioration.1 13 However, there has been a 
lack of focus on interventions addressing patient dete-
rioration that promote change in clinician behaviour.

The field of implementation science has focused 
on strategies to promote individual, team and organ-
isational behaviour change. Researchers, decision 
makers and clinicians have used the Promoting Action 
on Research Implementation in Health Services 
(PARIHS) Framework14–17 to inform research transla-
tion into practice. The proposition is that successful 
implementation is determined by the nature and type 
of evidence, characteristics of the context in which 
the evidence is being implemented and the process 
of facilitation.14 Facilitation encompasses both a role 
and a process. Usually, one or more individuals with 
the appropriate skills and knowledge are assigned as 
facilitators and use enabling facilitation skills to help 
individuals, teams and organisations apply evidence 
into practice.15 Previous research has demonstrated 
positive impacts of using this facilitated approach to 
support implementation.18

This study aimed to determine the effectiveness of 
a facilitation intervention to improve nurses’ adher-
ence to a clinical practice guideline (CPG) aimed at 
early recognition and response to clinical deteriora-
tion and measured by escalation of care as per hospital 
policy. The CPG comprised the Australian National 
Consensus Statement detailing the requirements to 
meet a national clinical deterioration standard for 
hospital accreditation and an accompanying imple-
mentation guide19 (online supplemental file 1).

Hospital policy specified actions to operationalise 
the CPG, mandating a complete set of VS at least every 
8 hours with prescribed responses and timeframes by 
nurses and doctors depending on the level of patient 
deterioration. VS assessment precedes data interpre-
tation and recognition of clinical deterioration. VS 
assessment and interpretation underpin clinical deci-
sions about the most appropriate escalation of care 
pathway (pre-MET, MET or CAT), followed by escala-
tion of care to the selected team (online supplemental 
file 2).

Key messages

How this study might affect research, practice or 
policy

	⇒ Further understanding of facilitation approaches and 
thresholds necessary to effect sustainable change 
is warranted. The study highlights the potential for 
targeted behavioural change interventions, supported 
by electronic decision support systems, to decrease 
cognitive burden and improve patient safety.
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METHODS
Prioritising Responses Of Nurses To deteriorating 
patient Observations (PRONTO) was a pragmatic 
cluster randomised controlled trial (CRCT) with an 
embedded process evaluation and cost consequence 
analysis. A CRCT design was selected because the 
intervention targeted a group of participants and 
avoided contamination. This article follows the 
CONSORT extension for Cluster Trials recommen-
dations for reporting. The detailed protocol for this 
study was published before study completion.7 The 
trial commenced in June 2016.

Study setting and participants
PRONTO was conducted in 36 wards at four 
university-affiliated, metropolitan hospitals in Victoria, 
Australia (online supplemental file 3). Chief executive 
officers consented to hospital participation. The wards 
received support from the hospital’s MET and ranged 
in size from 20 to 46 beds (online supplemental file 4). 
Critical care, emergency, paediatrics, maternity, peri-
operative and psychiatric areas were excluded as they 
use an alternative response system for patient deteri-
oration.

All four hospitals had a three-tier RRS consisting of: 
the pre-MET response that activated a local response 
from the parent unit and ward nursing staff; an ICU-
led MET response; and the cardiac arrest team (CAT) 
response.

All nursing staff working in the study wards were 
involved in the study. Nurse to patient ratios were 1:4 
on morning and afternoon shifts and 1:8 overnight. 
All patients within the study wards were included 
in audits at three time points: baseline (time 0) and 
at 6 months (time 1) and 12 months (time 2) post-
intervention. Data were collected over three randomly 
selected 24-hour periods for 1 week. A single patient 
could have multiple audit days. Patients were followed 
for the duration of their stay, and data were analysed 
according to ward at commencement.

Randomisation and masking
Wards (clusters) within hospitals were randomised to 
either intervention or control groups in a 1:1 block 
randomisation by an independent service. Patient 
audit dates were randomly selected by a statistician 
within each audit week. Although facilitators were 
aware of the intervention, ward nurses were unaware 
of the comparator. Patients were unaware of the inter-
vention. Allocated groups were concealed from the 
statistician until data set closure.

Implementation intervention
Our implementation intervention was multi-level facil-
itation for 6 months. It was comprised of three facili-
tator roles that employed facilitation methods to enable 
the implementation of the CPG. Consistent with the 
theoretical framing of the study, our proposition was 

that a multi-level facilitation model would increase 
adherence to CPG recommendations through assess-
ment and response to barriers that related to views 
about the innovation/evidence (the CPG), the target 
group for implementation (the nursing staff on inter-
vention wards) and contextual factors at the ward and 
hospital level.

In the intervention wards (n=18), the nurse 
managers (NMs) disseminated information on the 
CPG to staff at ward meetings, providing online infor-
mation links on where to access the CPG and free 
education (online supplemental file 1). In addition, 
the intervention wards received a Facilitation Inter-
vention for Practice improvement (FLIP), informed 
by the i-PARIHS theoretical framework.20 Facilitation 
provides a way of enabling and supporting people to 
change their attitudes, habits, skills, ways of thinking 
and working to achieve implementation.20 The FLIP 
consisted of an external facilitator, an internal hospital 
facilitator (HFLIP) and two ward facilitators (WFLIPs) 
per intervention ward. Table  1 outlines intervention 
components. FLIPs identified barriers and enablers 
in each ward, then used facilitation methods and 
processes to promote use of the CPG in ward practice. 
For example, missed VS could be addressed through 
an individual or NM discussion of the hospital policy, 
how to use the hospital policy or reminder posters in 
common areas. WFLIPs used teachable moments to 
promote learning. HFLIPs could do a presentation on 
the hospital policy and requirements of nursing staff. 

Table 1  Intervention components

Type Intervention components

Core 
components

Training: Being a facilitator, processes of facilitation, 
toolkit of techniques, knowledge of the patient problem 
and national guideline requirements. Review of 
hospital policy, VS triggers for escalation and nursing 
interventions.
Identification of ward barriers and enablers: individual, 
discipline, ward and organisation.
Monthly ward audits with feedback of results to nurse 
managers and staff via posters, presentations and 
discussions of areas for improvement.
Monthly HFLIP facilitation support by external expert 
facilitator reviewing audit results, how to respond to 
ward issues, questions and concerns.
Toolkit of facilitation techniques (Harvey and Kitson, 
2015) provided to HFLIPs: Clarify and engage; assess 
and measure; action and implementation; review and 
share. Techniques included: interactive education, 
case presentations, individual discussions, reminder 
posters, working with clinicians during assessments, 
interdisciplinary discussions and ward audits with 
feedback. Each facilitator used the same techniques.

Adaptable 
components

Facilitation techniques were selected from the toolkit 
and tailored depending on the context such as patient 
management problems, ward audit results, ward staff 
needs and their availability.

HFLIPs, hospital facilitators; VS, vital signs.
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Facilitators targeted three nursing components of the 
CPG:
1.	 Vital sign assessments at least 8 hourly on every patient.
2.	 Recognition of abnormal VS and activation of the appro-

priate response for escalation as per policy.
3.	 Implement appropriate nursing interventions in response 

to the deterioration.
HFLIPs (n=4) had oversight of four or five wards 

each and acted as the lead facilitator in each hospital, 
co-ordinating and mentoring two WFLIPs per ward 
(n=36). Supervising and advising all facilitators were 
undertaken by an external expert facilitator. Facili-
tators were given training on the subject matter, the 
evidence supporting targets, how to identify barriers 
and activities to address barriers. All facilitators were 
trained by experts in the CPG and facilitation process 
and given a toolkit of techniques (table 1) to promote 
CPG adherence. HFLIPs gave 5 hours of support per 
week to each intervention ward for 6 months using 
multiple strategies including interactive education, 
case presentations, individual discussions, reminders 
and audit with feedback. WFLIPs were given 1 day per 
fortnight of protected time to liaise with the HFLIP, 
review audits and work with staff in applying the CPG. 
HFLIP positions required registered nurses with prior 
education experience, were advertised in hospitals 
and incumbents were selected following interviews. 
WFLIPs were registered nurses identified by NMs to 
support the HFLIP and enable staff to apply the CPG. 
All facilitators had to have knowledge of hospital 
policy, hold clinical leadership roles and possess good 
communication skills.

All facilitators received training prior to commencing 
the study. HFLIPs received 3 days of training with 
experts in recognition and response to clinical dete-
rioration and advanced facilitation skills, a monthly 
teleconference with the external facilitator and project 
manager, one site visit and face-to-face meeting with 
the external facilitator. WFLIPs received 1 day of 
training, and face-to-face and email support from the 
HFLIP for the duration of the study. HFLIPs kept elec-
tronic activity logs and audits of practice to enable 
ward-level feedback.

Control
In the control wards (n=18), ward nurses received 
the CPG information disseminated by the NMs in the 
same manner as the intervention group (online supple-
mental file 1).

Outcomes
The primary outcome was measured escalation of care 
as per hospital policy, defined as activation of the pre-
MET, MET or CAT, as a percentage of all patients with 
triggers by prescribed pre-determined criteria (online 
supplemental file 2).

Secondary outcomes included nursing practice 
outcomes and clinical outcomes for patients. Nursing 

practice outcomes were measured by the proportions 
of: at least 1 VS measurement every 8 hours, complete 
sets of VS documented; VS repeated within 30 min of 
obtaining an abnormal VS; and documented nursing 
interventions in response to abnormal VS clinical 
outcomes included: cardiac arrest rates, unplanned 
ICU admissions, in-hospital mortality,and hospital 
length of stay (LOS).

Sample size and power calculations
Sample size calculations were based on a 50% rate 
of adherence to escalation as per hospital policy, 
informed by previous research.21 For 90% power to 
detect a 20% improvement in the intervention group, 
270 patient audits with abnormal VS triggers were 
required for each study arm at 6 months (T1) and 
12 months post-intervention (T2). The sample size 
accounted for within ward clustering effect and within 
patient autocorrelation, by inflating the sample size for 
a design effect of 1.5. To account for multiple compar-
isons, type I error was set at a 1% significance level. 
To determine an improved adherence rate in post-
intervention comparisons between the intervention 
and the control groups, we set 80% power to detect 
an OR of at least 1.8 for secondary outcomes.

Statistical analysis
Characteristics of patients and audits were summarised 
at each time point using mean and SD for continuous 
variables and frequency and percentage for categor-
ical variables. The main outcome and all secondary 
analyses followed an intention-to-treat approach, that 
is, wards and patients within wards were analysed 
according to the group to which they were randomly 
allocated. For the primary outcomes’ analysis, escala-
tion per hospital policy, we employed logistic models 
using a generalised estimating equations (GEE) tech-
nique with an exchangeable working correlation struc-
ture and robust SEs to account for the cluster nature of 
data. Study group (intervention vs control), time point 
(T0, T1 and T2) and a study-group-by-time point 
interaction were specified as independent variables 
in each model. The relative between-group change 
from T0 to post-intervention T1 and T2 (ie, ratio 
of OR) was estimated from the study-group-by-time 
point two-way interaction. Additional GEE models 
were employed to estimate change over time in the 
intervention and control groups separately. All other 
dichotomised secondary outcomes followed the same 
analytical method as the main outcome.

Further adjustments for sex, age, admission status 
(emergency or non-emergency), diagnosis-related 
group (DRG) weight and hospital site were imple-
mented via multivariable logistic GEE models for the 
clinical outcomes. Mean LOS was also compared and 
reported using GEE model with Gaussian outcome and 
identity link while accounting for the ward clustering 
effect and adjusted for sex, age, admission status, DRG 
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weight and hospital site. All p values were two-sided. 
Level of significance was set at 0.01 for between-group 
escalation per hospital policy outcomes and 0.05 for 
all other secondary comparisons and within-group 
comparisons. Data pertaining to unplanned ICU 
admission, in-hospital mortality and LOS were from 
the hospital administrative data set which contained 
information about the entire period of hospitalisa-
tion (from hospital admission to discharge) for each 
patient. Stata V.1622 was used for all calculations.

RESULTS
Participants
A total of 6065 patient records were reviewed. Some 
patients had multiple audit days (N=10 383): T0 
patients (n=1894) were audited in June 2016; T1 
patients (n=2126) in December 2016; and T2 patients 
(n=2045) in June 2017. Table 2 shows characteristics 
of patient audits per study arm at each time point. The 
intervention group had significantly more emergency 
admissions at all time points. The control group had 
significantly more males at each time point, and higher 
mean age and DRG weights at T1 and T2 indicating 
more chronic disease. Several differences were noted 
within groups over time. From T0 to T2, mean age 
and DRG weight decreased in the intervention group, 
and emergency admissions increased in both groups.

Primary outcome
Of 2680 audits with pre-MET, MET or CAT trig-
gers, 719 (26.8%) had activated pre-MET or MET 
calls and four had activated CAT calls. Table 3 shows 
the frequency (%) of the audits with escalation per 

policy across the three time points. The interven-
tion group showed an improvement in escalation of 
care as per policy from T0 to T1 (OR 1.47, 95% CI 
(1.06 to 2.04)), although it was not sustained at T2. 
There were no significant changes between groups at 
either T1 (ratio of ORs 1.24, 99% CI (0.69 to 2.30); 
p=0.355) or T2 (ratio of ORs 0.92, 99% CI (0.51 to 
1.65); p=0.735).

Of the audits with pre-MET triggers present, there 
was improvement in pre-MET activation comparing 
T0 to T1 in the intervention group (OR 1.53, 95% CI 
(1.07 to 2.19)). A significant change was also found at 
T2 (OR 1.37, 95% CI (1.02 to 1.86)) in the control 
group compared with T0. Of the audits with MET trig-
gers present, there were no significant changes within 
or between groups from T0 compared with T1 (ratio 
of ORs 1.11, 99% CI (0.22 to 5.63); p=0.873) or T2 
(ratio of ORs: 0.78, 99% CI (0.15 to 4.16); p=0.704).

Nursing practice outcomes
A total of 26 512 vital sign measurements were 
recorded in 10 383 audits with an average of 2.55 
sets of vs measurements per audit. More than 90% of 
audits had at least one VS measurement every 8 hours, 
in accordance with hospital policy. Table 4 highlights 
that there was a significant improvement in the VS 
measurement every 8 hours in the intervention group 
at T2 (OR 1.36, 95% CI (1.08 to 1.72)). Comparing 
between-group relative change from T0 to T1 and T2, 
the difference between the intervention and control 
group was not statistically significant (table 4).

As per hospital policy, over 80% of audits had at 
least one complete set of VS measured every 8 hours 

Table 2  Characteristics of patient audits, by intervention and control groups at T0, T1 and T2

Time Characteristic Intervention Control P value

Time 0 Number of audits 1716 1654 –
Male audits, N (%) 933 (49) 962 (51) 0.022
Emergency admissions audits*, N (%) 1476 (86) 1363 (82) 0.005
Surgical procedures, N (%) 375 (39) 329 (36) 0.352
Mean age, years (SD) 65.6 (18.8) 65.5 (18.0) 0.872
Mean DRG† weight (SD) 4.18 (8.69) 4.62 (8.48) 0.218

Time 1 Number of audits 1778 1757 –
Male audits, N (%) 928 (49) 984 (51) 0.048
Emergency admissions audits, N (%) 1543 (84) 1433 (82) <0.001
Surgical procedures, N (%) 414 (38) 388 (38) 0.832
Mean age, years (SD) 64.7 (19.6) 66.2 (17.6) 0.002
Mean DRG† weight (SD) 3.40 (5.09) 3.89 (6.28) 0.051

Time 2 Number of audits 1747 1731 –
Male audits, N (%) 914 (48) 989 (52) 0.005
Emergency admissions audits, N (%) 1521 (87) 1449 (84) 0.004
Surgical procedures, N (%) 390 (38) 359 (36) 0.802
Mean age, years (SD) 63.7 (20.4) 66.2 (18.5) <0.001
Mean DRG† weight (SD) 3.39 (5.26) 4.40 (8.23) 0.001

*Elective admissions are the alternative to emergency admissions.
†Diagnosis-related group (DRG) weight represents an estimate of the relative resource intensity of each DRG.
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(table 4). The proportion of audits with a complete set 
of vital signs every 8hours increased in the interven-
tion group at T2 (OR 1.22, 95%CI (1.02 to 1.47)), 
while it remained unchanged in the control group. 
Comparing the between-group relative change from 
T0 to T1 and T2, the differences were not statistically 
significant.

The ratio of ORs of repeated VS measurement 
within 30 min after recording an abnormal VS at 
T1 compared with T0 showed a 71% increase in 
the intervention group that was not sustained at T2. 
These differences were not statistically significant. 
The proportion of audits with nursing interven-
tion documented after triggering pre-MET or MET 
remained unchanged in the control group, while a 
non-significant increasing trend in T1 and a declining 
trend in T2 relative to T0 rate were observed. Simi-
larly, an improvement trend was shown in nursing 
interventions documented for abnormal VS and 
medical team reviews within 30 min in the ratios of 
ORs in T1, reducing in T2. These differences were 
not statistically significant (table 4).

Patient outcomes
In total, 187 (3.1%) in-hospital deaths and 226 
(3.74%) unplanned ICU admissions were recorded 
over the study period. There were no significant 
within-group or between-group changes in unplanned 
ICU admissions over time (table 5). The within-group 
change in mortality over time was non-significant for 
both intervention and control groups. However, the 
between-group change in mortality rate was statisti-
cally significant at T2 (adjusted ratio of ORs T2 vs T0 
1.89, 95% CI (1.05 to 3.38)).

There were significant within-group adjusted mean 
changes in hospital LOS over time within the inter-
vention and control groups (table  5). In the inter-
vention group, adjusted mean LOS decreased at T1 
(−1.31 days, 95% CI (−2.18 to –0.45)) compared with 
T0; while in the control group there was an increase 
in adjusted mean LOS at T2 (1.51 days, 95% CI (0.54 
to 2.49)) compared with T0. There was no statisti-
cally significant difference in adjusted between-group 
changes (ie, adjusted differential change) in LOS at 
T1 compared with T0 (−1.10 days, 95% CI (−2.44 to 

Table 3  Comparing proportion of total audits with activated pre-MET, MET or CAT call and escalation per hospital policy by intervention 
and control groups at T0, T1 and T2

Group

Time 0 Time 1 Time 1 vs Time 0* Time 2 Time 2 vs Time 0*

P value†n/N (%) n/N (%) OR (95% CI) n/N (%) OR (95% CI)

Proportion of audits with escalation of care to pre-MET, MET or CAT as per hospital policy (N=2680)‡
Both 197/848 (23.2%) 247/874 (28.3%) 1.30 (1.05 to 1.62) 279/958 (29.0%) 1.35 (1.09 to 1.67)
Intervention 82/439 (18.8%) 107/424 (25.2%) 1.47 (1.06 to 2.04) 110/470 (23.2%) 1.32 (0.96 to 1.82) 0.102
Control 115/409 (28.1%) 140/450 (31.1%) 1.15 (0.86 to 1.55) 169/488 (34.6%) 1.35 (1.02 to 1.80) 0.055
 �  Time 1 vs Time 0§

OR (99% CI)
Time 2 vs Time 0§
OR (99% CI)

 �  1.24 (0.69 to 2.30) 0.92 (0.51 to 1.65)
 �  p=0.355 p=0.735
Proportion of audits with pre-MET triggers where pre-MET was activated (N=2403)
Both 168/753 (22.3%) 213/778 (27.4%) 1.31 (1.04 to 1.66) 251/872 (28.8%) 1.41 (1.12 to 1.77)
Intervention 66/387 (17.1%) 90/376 (23.9%) 1.53 (1.07 to 2.19) 96/425 (22.6%) 1.42 (1.00 to 2.02) 0.057
Control 102/366 (27.9%) 123/402 (30.6%) 1.14 (0.84 to 1.56) 155/447 (34.7%) 1.37 (1.02 to 1.86) 0.055
 �  Time 1 vs Time 0§

OR (99% CI)
Time 2 vs Time 0§
OR (99% CI)

 �  1.29 (0.68 to 2.45) 0.96 (0.52 to 1.88)
 �  p=0.311 p=0.871
Proportion of audits with MET triggers where MET was activated (N=273)
Both 29/95 (30.5%) 32/94 (34.0%) 1.17 (0.64 to 2.17) 26/84 (31.0%) 1.02 (0.54 to 1.94)
Intervention 16/52 (30.8%) 17/48 (35.4%) 1.23 (0.53 to 2.87) 12/43 (27.9%) 0.87 (0.35 to 2.14) 0.791
Control 13/43 (30.2%) 15/46 (32.6%) 1.11 (0.45 to 2.78) 14/41 (34.1%) 1.19 (0.47 to 3.04) 0.707
 �  Time 1 vs Time 0§

OR (99% CI)
Time 2 vs Time 0§
OR (99% CI)

 �  1.11 (0.22 to 5.63) 0.78 (0.15 to 4.16)
 �  p=0.873 p=0.704
*OR (95% CI) compares within-group difference across times in each study group.
†P value for trend tests the changes in the outcome across times (T0, T1 and T2) in each study group.
‡Number of CATs identified in audits were too small to analyse separately.
§Intervention effect: OR (99% CI) comparing changes over time from T0 between intervention and control at Time 1 and Time 2.
CAT, cardiac arrest team; MET, medical emergency team.
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0.24)). However, the adjusted between-group changes 
in mean LOS at T2 compared with T0 showed a statis-
tically significant difference (−2.18 days, 95% CI 
(−3.53 to –0.82).

DISCUSSION
This is the first CRCT to study the effectiveness of 
a multi-level facilitation intervention designed to 
improve recognition and response to clinical dete-
rioration in acute care. VS assessment is the neces-
sary precursor to the interpretation of data and thus 
recognition of clinical deterioration. This study used 
an intervention to facilitate frequent VS assessment, 
the interpretation of which underpins decisions and 
actions regarding the most appropriate escalation of 
care pathway (pre-MET, MET or CAT). We found a 
significant increase in escalation as per hospital policy 
after 6 months of facilitation in the intervention group 
that was not sustained at 12 months. In contrast to the 
control group, VS assessments increased significantly 
at 12 months in the intervention group. However, 
practice changes between groups were not statistically 
significant at either time point.

Despite a 6-month facilitation intervention, the gap 
between conducting VS and escalating care remains. 
Changing clinicians’ behaviour is difficult to achieve.23 
Grimshaw et al23 argued that multi-faceted interven-
tions built on an assessment of barriers and theory 
were more likely to be effective than single inter-
ventions. We designed a multi-level facilitation inter-
vention using the i-PARIHS theoretical framework 
to guide our approach.7 24 Despite an understanding 
of the barriers, patient case-mix, shift leadership 
and staffing resources varied across wards and likely 
impacted outcomes. Nurses face numerous challenges, 
including dealing with uncertainty, getting a timely and 
appropriate medical response, high workloads, shift 
leadership, hospital hierarchies and patient case-mix 
indicating that a more explicit interdisciplinary 
approach to escalation may be warranted.13 25 26

Failure to escalate care of deteriorating patients, 
often referred to as afferent limb failure, has been 
found in numerous studies.6 11 27 28 In the trial hospi-
tals, mandatory escalation was in place, yet failure to 
escalate continued to be problematic. We believed that 
if nurses had facilitation support, conducted more 
frequent observations and performed clinical interven-
tions within their scope of practice to mitigate early 
signs of deterioration, then improved escalation and 
patient outcomes would result. Although we observed 
a significant improvement in the frequency of nurses’ 
VS assessment within the intervention group at T2 vs 
T0, it did not improve escalation of care. This may 
indicate that the duration of the intervention was too 
short to embed and routinise practice changes. Embed-
ding clinical changes has been shown to be problematic 
in implementation studies.29 Given the changes were 
moving in the right direction at 6 months, extending G
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the intervention time may offer further insight into the 
strength of the evidence.

Our multi-level facilitation intervention had vari-
able impact. This is consistent with other recent 
studies that investigated facilitation as an implemen-
tation strategy and highlighted a complex facilitation-
context dynamic.30 31 Although facilitation is popular 
for improving decision making and practice, outcomes 
fluctuate, with little known about why they vacil-
late across contexts.32–34 An embedded process eval-
uation, to be reported separately, will extend our 

understanding of how and why the facilitation strategy 
worked across different contextual settings to provide 
further insights into key mechanisms of action.

LOS was significantly reduced for both groups at T1 
compared with T0, however, at T2 only the interven-
tion group had a sustained reduction. Between-group 
comparison at T2 showed the intervention group 
had a statistically significant and clinically mean-
ingful reduced LOS compared with patients in the 
control group. We found no significant differences in 
unplanned ICU admissions within or between groups. 

Table 5  Patient level (mortality, unplanned ICU and length of stay) outcomes: comparing proportional change from Time 0 between the 
intervention and control group at Time 1 and Time 2

Group Time 0 Time 1 Time 1 vs Time 0* Time 2 Time 2 vs Time 0* P value†

Mortality
 �  n (%) n (%) Adjusted OR 

(95% CI)‡
n (%) Adjusted OR 

(95% CI)‡
Both 60 (3.2) 66 (3.1) 1.06 (0.75 to 1.49) 61 (3.0) 0.96 (0.68 to 1.37) 0.809
Intervention 23 (2.4) 33 (3.0) 1.33 (0.87to 2.02) 32 (3.1) 1.35 (0.90 to 2.01) 0.250
Control 37 (4.0) 33 (3.2) 0.88 (0.53 to 1.44) 29 (2.9) 0.70 (0.46 to 1.07) 0.116
 �  Time 1 vs Time 0

OR (95% CI)§
Time 2 vs Time 0
OR (95% CI)§

 �  1.63 (0.82 o 3.24) 1.89 (1.05 o 3.38) 0.102¶
 �  p=0.166 p=0.033
Unplanned ICU admission
 �  n (%) n (%) Adjusted OR 

(95% CI)‡
n (%) Adjusted OR 

(95% CI)‡
Both 78 (4.1) 71 (3.3) 0.93 (0.68 to 1.23) 77 (3.8) 1.03 (0.76 to 1.39) 0.856
Intervention 33 (3.5) 36 (3.5) 1.13 (0.70 to 1.85) 30 (2.9) 1.02 (0.68 to 1.51) 0.873
Control 45 (4.9) 35 (3.2) 0.79 (0.48 to 1.30) 47 (4.7) 1.03 (0.64 to 1.66) 0.582
 �  Time 1 vs Time 0

OR (95% CI)§
Time 2 vs Time 0
OR (95% CI)§

 �  1.43 (0.74 to 2.76) 0.99 (0.56 to 1.78) 0.528¶
 �  p=0.294 p=0.992
Hospital length of stay**
 �  Mean (SD) Mean (SD) Adjusted mean 

difference (95% CI)‡
Mean (SD) Adjusted mean 

difference (95% CI)‡
Both 13.40 (20.99) 10.52 (13.96) −1.18 (–1.86 to –0.51) 12.71 (18.00) 0.53 (–0.15 to 1.21) <0.001
Intervention 13.61 (24.37) 10.32 (14.62) −1.31 (–2.18 to –0.45) 11.40 (16.41) −0.17 (–1.04 to 0.71) 0.005
Control 13.18 (16.76) 10.74 (13.24) −0.91 (–1.87 to 0.06) 14.06 (19.47) 1.51 (0.54 to 2.49) <0.001
 �  Intervention vs 

control differential 
change (Time 1 vs 
Time 0)
Mean (95% CI)§

Intervention vs 
control differential 
change (Time 2 vs 
Time 0)
Mean (95% CI)§

 �  −1.10 (–2.44 to 0.24) −2.18 (–3.53 to –0.82) 0.007¶
 �  p=0.106 p=0.002
*OR (95% CI) compares within-group difference across follow-ups.
†P value for trend tests the changes in the outcome across time points (T0, T1 and T2) in each study group.
‡Adjusted for age, sex, hospital site, admission type and DRG weight.
§Intervention effect: OR (95% CI) (mortality, unplanned ICU and mean LOS) comparing changes over time from T0 between intervention and control at 
Time 1 and Time 2. Ratio of OR estimated from two-way interaction between time points and intervention group from a GEE model that included audit 
time point and intervention group as factors and the two-way interaction between time points and intervention group and adjusting for age, sex, hospital 
site, admission type and DRG weight; intervention vs control. Mean LOS estimated from two-way interaction between time points and intervention group 
from a GEE model with same adjustments as for mortality and unplanned ICU admissions.
¶Simultaneously testing intervention effect across T1 and T2 using a likelihood ratio test with 2 degrees of freedom.
**Missing hospital length of stay data (0.8%) were imputed using mean for study group (intervention or control) and time (T0, T1, T2).
DRG, Diagnosis-Related Group; GEE, generalised estimating equations; ICU, intensive care unit; LOS, length of stay.
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However, a between-group difference favoured a lower 
mortality in the control group at T2. LOS may be influ-
enced by unplanned ICU admissions and mortality, this 
warrants further investigation. Early recognition and 
response have been shown to positively impact patient 
outcomes,1 6 whereas delayed escalation has been asso-
ciated with increased unplanned ICU admissions and 
death.12 Other studies comparing patient outcomes 
have also shown significantly decreased LOS in non-
automated vital sign capture35 and in automated 
vital sign capture and alerts36 37 with no decrease 
in mortality. Bed availability is a global problem, so 
interventions that support a reduced LOS in hospital 
require further examination.

The focus of this trial was limited to nurses’ role 
in detection of clinical deterioration. What remains 
unknown is the impact of ward medical staff on the 
treatment of ward patients and escalation to external 
teams for clinical support. Studies have reported chal-
lenges encountered by nurses with ward medical staff 
and nurses’ fear of escalating without approval.38 39 
One study showed nurses bypassing ward medical staff 
by manipulating VS and calling the external RRS.26 
Another study highlighted intraprofessional issues 
between different levels of nurses as potentially 
preventing timely escalation.40 The impact of the 
bypass was not measured in our study and remains 
unknown. Electronic capture of VS may be used to 
determine such an effect. Artificial intelligence also 
offers opportunities to refine the escalation thresholds 
to increase predictive validity.6

The importance of knowing what response occurred 
once the VS were taken is critical. However, capturing 
the complex decision making, dynamic interactions 
and scope of interventions during patient deterioration 
remains elusive and is resource-intensive to study. We 
captured only interventions that were documented by 
nurses; this may reflect inaccurately on what actually 
occurred. Potentially, nurses may have mitigated the 
risk by intervening successfully within their scope of 
practice; thus, addressing the clinical deterioration and 
using their clinical judgement about the need to call a 
team in for further treatment. Studying the impact of 
clinical decisions in this context would provide much 
needed insight into the gap between recognition and 
escalation.

Nurses’ decision making during clinical deteriora-
tion has been under-represented in research, which 
has focused on the failure to escalate when indicated. 
However, recognition of the various roles and respon-
sibilities of health professionals within the clinical 
context is long overdue in studies investigating clin-
ical deterioration.38 40 Mackintosh et al41 used a socio-
logical framework to challenge the idea of rescuing 
patients as a technical fix to suggest that structural 
and professional inequalities require closer scrutiny. 
They suggested that a failure to rescue is not only 
an individual responsibility but spans the collective 

across various hierarchies. Similarly, a sociocultural 
framework developed after interviewing 30 clinicians 
explained the impact of intraprofessional and interpro-
fessional factors and context on escalation.38 Bingham 
et al26 interviewed 30 nurses who reported balancing 
uncertainty and managing complex interdisciplinary 
team dynamics for deteriorating patients. Nurses also 
described complex decision making and interventions 
to counter deterioration, which preceded escalation 
decisions. Closer examination of the patient pre-MET 
situation, the patient and interdisciplinary interactions 
and responses to the situation is warranted to advance 
our understanding.

Strengths and limitations
Few CRCT studies have measured outcomes to recog-
nise and respond to clinical deterioration, none to our 
knowledge have focused on facilitation to improve 
suboptimal decision making and escalation. A large 
sample across multiple hospitals, using randomisa-
tion and blinding of outcome assessors to improve 
internal validity, conducted in the context of service 
delivery, maximises external validity. However, there 
were limitations. The dose of the intervention was 
controlled at the hospital ward level. This meant that 
each hospital facilitator had the same time allocation 
despite variations in ward beds and nurses. The audit 
sample at time points selected the whole ward popu-
lation only on audit days; however, it did not reflect 
the whole ward population for 12 months (ie, every 
patient in the wards beginning at T0 and finishing at 
T2). Nevertheless, access to hospital administrative 
data meant that patient-level outcomes such as in-hos-
pital mortality, ICU admission and hospital LOS were 
included. Randomisation at the ward level, not the 
patient level, meant some differences between groups 
were evident at the ward cluster level (table  2 and 
online supplemental file 4). Some heterogeneity at the 
patient level was expected which is not uncommon in 
cluster randomised control trials. These differences 
were adjusted for and highlighted the importance of 
measuring within-group differences over time. We 
were unable to perform robust models to estimate ORs 
and ratio of ORs for cardiac arrest rates due to very 
low numbers. Documentation may also not reflect 
actual clinician behaviour. However, nurse observa-
tions are resource-intensive, based on small samples 
and to study escalation would require individuals to be 
followed 24 hours a day. As a legal requirement, docu-
mentation is meant to reflect clinical interventions and 
is widely used in studies of quality of care.

CONCLUSION
This study set out to measure the effectiveness of a 
multi-level facilitation intervention targeted at nurses’ 
early recognition and response to clinical deterioration 
in patients. There was evidence of increased guide-
line adherence by nurses in the intervention group, 

 on M
ay 29, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013785 on 21 A

pril 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjqs-2021-013785
http://qualitysafety.bmj.com/


828 Bucknall TK, et al. BMJ Qual Saf 2022;31:818–830. doi:10.1136/bmjqs-2021-013785

Original research

including some sustained change. Compared with the 
control group, the demonstrated reduced LOS for 
patients in the intervention group is a clinically impor-
tant outcome for patients and health services. Further 
research on the dosage of facilitation, responsiveness 
to context and mechanisms of action in healthcare 
improvement is warranted. Leveraging electronic deci-
sion support systems to track and trigger escalation 
decisions and interventions offers further potential for 
improvement but risks alert fatigue. Digital architec-
ture or ‘nudging’ to assist nurses to make the optimal 
choice for interventions and escalation may reduce the 
cognitive burden and should be investigated.

Author affiliations
1School of Nursing and Midwifery, Centre for Quality and Patient Safety 
Research, Institute for Health Transformation, Faculty of Health, Deakin 
University, Burwood, Victoria, Australia
2Centre for Quality and Patient Safety Research - Alfred Health Partnership, 
Alfred Health, Melbourne, Victoria, Australia
3Centre for Quality and Patient Safety Research - Eastern Health Partnership, 
Eastern Health, Box Hill, Victoria, Australia
4Caring Futures Institute, Flinders University College of Nursing and Health 
Sciences, Bedford Park, South Australia, Australia
5School of Epidemiology and Public Health and School of Nursing, University of 
Ottawa, Ottawa, Ontario, Canada
6Faculty of Health and Medicine, Lancaster University, Lancaster, UK
7Australian National University Medical School, Canberra, Australian Capital 
Territory, Australia
8School of Health and Social Development, Deakin Health Economics, Institute 
for Health Transformation, Faculty of Health, Deakin University, Burwood, 
Victoria, Australia
9Biostatistics Unit, Faculty of Health, Deakin University, Burwood, Victoria, 
Australia
10Centre for Quality and Patient Safety Research - Monash Health Partnership, 
Monash Health, Clayton, Victoria, Australia

Correction notice  Sentence 'The proportion of audits with 
at least one VS measurement every 8hours increased in the 
intervention group at T2 (OR 1.22, 95%CI (1.02 to 1.47)), 
while it remained unchanged in the control group' was 
amended to 'The proportion of audits with a complete set of 
vital signs every 8hours increased in the intervention group 
at T2 (OR 1.22, 95%CI (1.02 to 1.47)), while it remained 
unchanged in the control group'.

Twitter Tracey K Bucknall @nursedecisions, Gillian Harvey 
@GillHar26, Ian D Graham @iandgraham1 and Imogen 
Mitchell @IA_MITCHELL

Acknowledgements  We would like to acknowledge the 
following people for their advice, support or participation in 
the conduct of this research: Robin Digby, Mariann Fossum, 
Daryl Jones, Jonathan Bartlett, Janet Weir-Phyland, Cheyne 
Chalmers, David Plunkett, Nicola Dunbar, Lydia Dennett, 
Gordon Bingham, Jemima Dixon, Deborah Berry, Chipo 
Danha, Ingrid Brandeggen-Taylor, Sharon Paul, Lee Hughes, 
Ellie Duckworth, Kathryn Joseph, Jeanine McKenna, Alice 
Mercer, Lauren Turner, Winnie Selle, Deborah Lonsdale, 
Zeann Laggui, Pauline McNamara, Anna Ring, Mary 
Heyrosa, Jennifer MacLean, Rebecca Cerdor, Melinda Webb, 
Rebecca Winkler, Stacey Mehri, Margaret Teasdale, Erin 
Sorrell, Stephanie Tuyau, James-Norbet Garduce, Linda Shi, 
Riikka Salmela, Nicole Sanders, Sandra Vilar, Liz Veigas, 
Truphena Mbati, Jas Nijjar, Emma Sly, Christine Mulyadi, 
Louise O’Halloran, Megan Schilling, Paige Williams, Sandi 
Sooriyadasa, Aleisha Clark, Andrea Box, Jenni Hymers, Belinda 
Moskovitch, Antoinette David, Veronica Lowe, Campbell Cole, 
Emily Miller, Katelyn Pollard, Steph Jinks

Contributors  TKB, GH, AH, JC, JRM, IDG, IM, MM and 
JJW contributed to conception or design of the work; TKB, 
BS, JJW and SBM to data collection; TKB, JJW, MM, SBM 
and ML to data analysis; TKB, GH, AH, JC, JRM, IDG, IM, 
MM, JJW and SBM to data interpretation; TKB to drafting the 
article; TKB, GH, AH, JC, JRM, IDG, IM, MM, JJW, BS, SBM 
and ML to critical revision of the article and final approval of 
the version to be published. All authors listed have contributed 
sufficiently to the project to be included as authors, and all 
those who are qualified to be authors are listed in the author 
byline individually. TKB is guarantor for this work.

Funding  The trial was funded by the National Health 
and Medical Research Council and partner organisations: 
Alfred Health, Eastern Health, Monash Health, Australian 
Commission on Safety and Quality in Health Care and SA 
Health. National Health and Medical Research Council 
Partnership Project Grant ID1114545.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and 
was approved by Consultative Council for Clinical Trial 
Research (CCCTR) Victorian Streamlined Ethical Review 
Process (SERP) ALFRED HEALTH HREC/16/Alfred/25 
ALFRED HEALTH HREC 138-16 for Alfred Hospital, 
EASTERN HEALTH SERP20-2016 for Box Hill Hospital, 
MONASH HEALTH HREC 16243XL for Monash Hospital 
and Dandenong Hospital, DEAKIN UNIVERSITY 2016-248. 
Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review  Not commissioned; externally 
peer reviewed.

Data availability statement  All data relevant to the study 
are included in the article or uploaded as supplemental 
information.

Supplemental material  This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group 
Limited (BMJ) and may not have been peer-reviewed. Any 
opinions or recommendations discussed are solely those of 
the author(s) and are not endorsed by BMJ. BMJ disclaims 
all liability and responsibility arising from any reliance placed 
on the content. Where the content includes any translated 
material, BMJ does not warrant the accuracy and reliability of 
the translations (including but not limited to local regulations, 
clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising 
from translation and adaptation or otherwise.

Open access  This is an open access article distributed in 
accordance with the Creative Commons Attribution Non 
Commercial (CC BY-NC 4.0) license, which permits others 
to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different 
terms, provided the original work is properly cited, appropriate 
credit is given, any changes made indicated, and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.​
0/.

ORCID iDs
Tracey K Bucknall http://orcid.org/0000-0001-9089-3583
Gillian Harvey http://orcid.org/0000-0003-0937-7819
Ian D Graham http://orcid.org/0000-0002-3669-1216
Jennifer J Watts http://orcid.org/0000-0001-8095-8638

REFERENCES
	 1	 Burke JR, Downey C, Almoudaris AM. Failure to rescue 

deteriorating patients: a systematic review of root causes and 
improvement strategies. Journal of Patient Safety 2020.

	 2	 Bleyer AJ, Vidya S, Russell GB, et al. Longitudinal analysis 
of one million vital signs in patients in an academic medical 
center. Resuscitation 2011;82:1387–92.

 on M
ay 29, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013785 on 21 A

pril 2022. D
ow

nloaded from
 

https://twitter.com/nursedecisions
https://twitter.com/GillHar26
https://twitter.com/iandgraham1
https://twitter.com/IA_MITCHELL
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9089-3583
http://orcid.org/0000-0003-0937-7819
http://orcid.org/0000-0002-3669-1216
http://orcid.org/0000-0001-8095-8638
http://dx.doi.org/10.1016/j.resuscitation.2011.06.033
http://qualitysafety.bmj.com/


829Bucknall TK, et al. BMJ Qual Saf 2022;31:818–830. doi:10.1136/bmjqs-2021-013785

Original research

	 3	 Bucknall TK, Jones D, Bellomo R, et al. Responding to 
medical emergencies: system characteristics under examination 
(RESCUE). A prospective multi-site point prevalence study. 
Resuscitation 2013;84:179–83.

	 4	 Donaldson LJ, Panesar SS, Darzi A. Patient-safety-related 
hospital deaths in England: thematic analysis of incidents 
reported to a national database, 2010-2012. PLoS Med 
2014;11:e1001667.

	 5	 Azimirad M, Magnusson C, Wiseman A, et al. Nurses' ability 
to timely activate rapid response systems for deteriorating 
patients: a comparative case scenario study between Finnish 
and British nurses. Intensive Crit Care Nurs 2020;60:102871.

	 6	 Cho K-J, Kwon O, Kwon J-M, et al. Detecting patient 
deterioration using artificial intelligence in a rapid response 
system. Crit Care Med 2020;48:e285–9.

	 7	 Bucknall TK, Harvey G, Considine J, et al. Prioritising 
responses of nurses to deteriorating patient observations 
(PRONTO) protocol: testing the effectiveness of a facilitation 
intervention in a pragmatic, cluster-randomised trial with an 
embedded process evaluation and cost analysis. Implement Sci 
2017;12:85.

	 8	 Winters BD, Weaver SJ, Pfoh ER, et al. Rapid-response systems 
as a patient safety strategy: a systematic review. Ann Intern Med 
2013;158:417–25.

	 9	 Tirkkonen J, Tamminen T, Skrifvars MB. Outcome of adult 
patients attended by rapid response teams: a systematic review 
of the literature. Resuscitation 2017;112:43–52.

	10	 Maharaj R, Raffaele I, Wendon J. Rapid response systems: a 
systematic review and meta-analysis. Crit Care 2015;19:1–15.

	11	 Hillman K, Chen J, Cretikos M, et al. Introduction of the 
medical emergency team (MET) system: a cluster-randomised 
controlled trial. Lancet 2005;365:2091–7.

	12	 Chen J, Bellomo R, Flabouris A, et al. Delayed emergency 
team calls and associated hospital mortality: a multicenter 
study. Crit Care Med 2015;43:2059–65.

	13	 Jones DA, DeVita MA, Bellomo R. Rapid-response teams. N 
Engl J Med 2011;365:139–46.

	14	 Kitson A, Harvey G, McCormack B. Enabling the 
implementation of evidence based practice: a conceptual 
framework. Qual Health Care 1998;7:149–58.

	15	 Harvey G, Loftus-Hills A, Rycroft-Malone J, et al. Getting 
evidence into practice: the role and function of facilitation. J 
Adv Nurs 2002;37:577–88.

	16	 Rycroft-Malone J, Harvey G, Seers K, et al. An exploration of 
the factors that influence the implementation of evidence into 
practice. J Clin Nurs 2004;13:913–24.

	17	 Bergström A, Ehrenberg A, Eldh AC, et al. The use of 
the PARIHS framework in implementation research and 
practice—a citation analysis of the literature. Implementation 
Sci 2020;15:1–51.

	18	 Eriksson L, Huy TQ, Duc DM, et al. Process evaluation of a 
knowledge translation intervention using facilitation of local 
stakeholder groups to improve neonatal survival in the Quang 
Ninh province, Vietnam. Trials 2016;17:1–12.

	19	 Australian Commission on Safety and Quality in Health Care. 
A guide to support implementation of the National consensus 
statement: essential elements for recognising and responding to 
clinical deterioration. Sydney, 2011.

	20	 Harvey G, Kitson A. Implementing evidence-based practice in 
healthcare: a facilitation guide. Routledge, 2015.

	21	 Bingham G, Fossum M, Barratt M, et al. Clinical review 
criteria and medical emergency teams: evaluating a two-tier 
rapid response system. Crit Care Resusc 2015;17:167.

	22	 StataCorp. Stata statistical software: release 16. College 
Station, 2019.

	23	 Grimshaw JM, Eccles MP, Lavis JN, et al. Knowledge 
translation of research findings. Implement Sci 2012;7:50.

	24	 Harvey G, Kitson A. PARIHS revisited: from heuristic to 
integrated framework for the successful implementation of 
knowledge into practice. Implementation Sci 2015;11:1–13.

	25	 Olsen SL, Søreide E, Hillman K, et al. Succeeding with rapid 
response systems - a never-ending process: A systematic 
review of how health-care professionals perceive facilitators 
and barriers within the limbs of the RRS. Resuscitation 
2019;144:75–90.

	26	 Bingham G, Fossum M, Hughes L. The pre‐Medical emergency 
team response: nurses' decision‐making escalating deterioration 
to treating teams using urgent review criteria. Journal of 
Advanced Nursing 2020;76:2171–81.

	27	 Trinkle RM, Flabouris A. Documenting rapid response 
system afferent limb failure and associated patient outcomes. 
Resuscitation 2011;82:810–4.

	28	 Credland N, Dyson J, Johnson MJ. What are the patterns 
of compliance with early warning track and trigger tools: a 
narrative review. Appl Nurs Res 2018;44:39–47.

	29	 Proctor E, Luke D, Calhoun A, et al. Sustainability of evidence-
based healthcare: research agenda, methodological advances, 
and infrastructure support. Implement Sci 2015;10:88.

	30	 Seers K, Cox K, Crichton NJ, et al. FIRE (facilitating 
implementation of research evidence): a study protocol. 
Implement Sci 2012;7:1–11.

	31	 Seers K, Rycroft-Malone J, Cox K, et al. Facilitating 
implementation of research evidence (FIRE): an international 
cluster randomised controlled trial to evaluate two models 
of facilitation informed by the promoting action on research 
implementation in health services (PARIHS) framework. 
Implementation Sci 2018;13:1–11.

	32	 Berta W, Cranley L, Dearing JW, et al. Why (we think) 
facilitation works: insights from organizational learning theory. 
Implementation Science 2015;10:1–13.

	33	 Cranley LA, Cummings GG, Profetto-McGrath J, et al. 
Facilitation roles and characteristics associated with research 
use by healthcare professionals: a scoping review. BMJ Open 
2017;7:e014384.

	34	 Dogherty EJ, Harrison M, Graham I, et al. Examining 
the use of facilitation within guideline dissemination and 
implementation studies in nursing. Int J Evid Based Healthc 
2014;12:105–27.

	35	 Guinane JL, Bucknall TK, Currey J, et al. Missed medical 
emergency team activations: tracking decisions and outcomes 
in practice. Crit Care Resusc 2013;15:266.

	36	 Bellomo R, Ackerman M, Bailey M, et al. A controlled trial of 
electronic automated advisory vital signs monitoring in general 
Hospital wards. Crit Care Med 2012;40:2349–61.

	37	 Jones S, Mullally M, Ingleby S, et al. Bedside electronic 
capture of clinical observations and automated clinical alerts to 
improve compliance with an early warning score protocol. Crit 
Care Resusc 2011;13:83.

	38	 Flenady T, Dwyer T, Sobolewska A, et al. Developing a 
sociocultural framework of compliance: an exploration of 
factors related to the use of early warning systems among acute 
care clinicians. BMC Health Serv Res 2020;20:1–9.

	39	 Petersen JA. Early warning Score-Challenges and opportunities 
in the care of deteriorating in-hospital patients: Phd thesis. 
University of Copenhagen, Faculty of Health and Medical 
Sciences, 2016.

 on M
ay 29, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013785 on 21 A

pril 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.resuscitation.2012.06.015
http://dx.doi.org/10.1371/journal.pmed.1001667
http://dx.doi.org/10.1016/j.iccn.2020.102871
http://dx.doi.org/10.1097/CCM.0000000000004236
http://dx.doi.org/10.1186/s13012-017-0617-5
http://dx.doi.org/10.7326/0003-4819-158-5-201303051-00009
http://dx.doi.org/10.1016/j.resuscitation.2016.12.023
http://dx.doi.org/10.1186/s13054-015-0973-y
http://dx.doi.org/10.1016/S0140-6736(05)66733-5
http://dx.doi.org/10.1097/CCM.0000000000001192
http://dx.doi.org/10.1056/NEJMra0910926
http://dx.doi.org/10.1056/NEJMra0910926
http://dx.doi.org/10.1136/qshc.7.3.149
http://dx.doi.org/10.1046/j.1365-2648.2002.02126.x
http://dx.doi.org/10.1046/j.1365-2648.2002.02126.x
http://dx.doi.org/10.1111/j.1365-2702.2004.01007.x
http://dx.doi.org/10.1186/s13012-020-01003-0
http://dx.doi.org/10.1186/s13012-020-01003-0
http://dx.doi.org/10.1186/s13063-015-1141-z
http://www.ncbi.nlm.nih.gov/pubmed/26282254
http://dx.doi.org/10.1186/1748-5908-7-50
http://dx.doi.org/10.1186/s13012-016-0398-2
http://dx.doi.org/10.1016/j.resuscitation.2019.08.034
http://dx.doi.org/10.1016/j.resuscitation.2011.03.019
http://dx.doi.org/10.1016/j.apnr.2018.09.002
http://dx.doi.org/10.1186/s13012-015-0274-5
http://dx.doi.org/10.1186/1748-5908-7-25
http://dx.doi.org/10.1186/s13012-018-0831-9
http://dx.doi.org/10.1186/s13012-015-0323-0
http://dx.doi.org/10.1136/bmjopen-2016-014384
http://dx.doi.org/10.1097/XEB.0000000000000008
http://www.ncbi.nlm.nih.gov/pubmed/24289507
http://dx.doi.org/10.1097/CCM.0b013e318255d9a0
http://www.ncbi.nlm.nih.gov/pubmed/21627575
http://www.ncbi.nlm.nih.gov/pubmed/21627575
http://dx.doi.org/10.1186/s12913-020-05615-6
http://qualitysafety.bmj.com/


830 Bucknall TK, et al. BMJ Qual Saf 2022;31:818–830. doi:10.1136/bmjqs-2021-013785

Original research

	40	 Chua WL, Legido-Quigley H, Ng PY, et al. Seeing the whole 
picture in enrolled and registered nurses' experiences in 
recognizing clinical deterioration in general ward patients: a 
qualitative study. Int J Nurs Stud 2019;95:56–64.

	41	 Mackintosh N, Humphrey C, Sandall J. The habitus 
of 'rescue' and its significance for implementation of 
rapid response systems in acute health care. Soc Sci Med 
2014;120:233–42.

 on M
ay 29, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013785 on 21 A

pril 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.ijnurstu.2019.04.012
http://dx.doi.org/10.1016/j.socscimed.2014.09.033
http://qualitysafety.bmj.com/

	Prioritising Responses Of Nurses To deteriorating patient Observations (PRONTO): a pragmatic cluster randomised controlled trial evaluating the effectiveness of a facilitation intervention on recognition and response to clinical deterioration
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study setting and participants
	Randomisation and masking
	Implementation intervention
	Control
	Outcomes
	Sample size and power calculations
	Statistical analysis

	Results
	Participants
	Primary outcome
	Nursing practice outcomes
	Patient outcomes

	Discussion
	Strengths and limitations

	Conclusion
	References


