A meta-analysis of the efficacy of preoperative surgical
safety checklists to improve perioperative outcomes
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Background. Meta-analyses of the implementation of a surgical safety checklist (SSC) in observational studies have shown a significant
decrease in mortality and surgical complications.

Objective. To determine the efficacy of the SSC using data from randomised controlled trials (RCTs).

Methods. This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines and was
registered with PROSPERO (CRD42015017546). A comprehensive search of six databases was conducted using the OvidSP search
engine.

Results. Four hundred and sixty-four citations revealed three eligible trials conducted in tertiary hospitals and a community hospital, with
a total of 6 060 patients. All trials had allocation concealment bias and a lack of blinding of participants and personnel. A single trial that
contributed 5 295 of the 6 060 patients to the meta-analysis had no detection, attrition or reporting biases. The SSC was associated with
significantly decreased mortality (risk ratio (RR) 0.59, 95% confidence interval (CI) 0.42 - 0.85; p=0.0004; I’=0%) and surgical complications
(RR 0.64, 95% CI 0.57 - 0.71; p<0.00001; I’=0%). The efficacy of the SSC on specific surgical complications was as follows: respiratory
complications RR 0.59, 95% CI 0.21 - 1.70; p=0.33, cardiac complications RR 0.74, 95% CI 0.28 - 1.95; p=0.54, infectious complications RR
0.61, 95% CI 0.29 - 1.27; p=0.18, and perioperative bleeding RR 0.36, 95% CI 0.23 - 0.56; p<0.00001.

Conclusions. There is sufficient RCT evidence to suggest that SSCs decrease hospital mortality and surgical outcomes in tertiary and

community hospitals. However, randomised evidence of the efficacy of the SSC at rural hospital level is absent.
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Meta-analyses of the implementation of a surgical safety checklist
(SSC) in observational studies have shown a significant decrease in
mortality!™? and surgical complications."* The importance of these
findings is difficult to interpret, however,"" as these meta-analyses
contain little randomised evidence,*# with a single randomised
trial of 65 patients” included in some of the meta-analyses. There
are currently no meta-analyses of the efficacy of the SSC from
randomised controlled trials (RCTs).

Despite the compelling observational data supporting SSCs, and
national policy directives mandating the use of an SSC, the uptake and
implementation of SSCs has been poor.” Improving implementation
of the SSC requires local checklist champions, staft checklist training,
and improving feedback to reduce checklist redundancies.”® A
higher level of evidence supporting SSCs, such as that from a large
RCT or a meta-analysis of RCTs, may be necessary before SSCs
are actively championed and successfully implemented.® This is
important, as data suggest that correct implementation with checklist
completion is more successful than partial checklist completion at
reducing surgical complications.”)

Objective

The objective of this meta-analysis was to determine the efficacy of
the SSC in RCTs. Using the participants, interventions, comparisons,
outcomes and study design (PICOS) method,""”) we described the
participants as all categories of surgical patients, the intervention
as the use of an SSC, and the comparison as the usual (or standard)
operating room management. The primary outcome was mortality.
Secondary outcomes included perioperative complications, which
were defined as surgical complications, anaesthetic complications,
length of stay and cost.

Methods

We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines'” in conducting this meta-
analysis.

Protocol and registration
A full protocol was not developed for this meta-analysis. The meta-
analysis was registered with PROSPERO (CRD42015017546).
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Eligibility criteria

We considered all publications of RCTs of
surgical patients randomised to either an
SSC or usual operating room management.
There was no limit on the trial follow-up
period. We accepted all publications in any
language, with a comprehensive search from
1946 to 2015.

Information sources

The database searches were conducted on

6 March 2015 using the OvidSP search

engine (Ovid Technologies Inc., USA) for

the following databases:

« Embase, 1974 to 5 March 2015 (Scopus)

o Ovid Healthstar, 1966 to November 2014

« Ovid MEDLINE(R)
Other Non-Indexed Citations,
MEDLINE(R)  Daily and
MEDLINE(R), 1946 to present

« Cochrane Library, March 2015

o ProQuest Dissertations and Theses A&I,
March 2015.

In-Process and
Ovid
Ovid

This search was updated on 7 March 2016,
and the clinicaltrials.gov database was added
to this updated search.

Search

We used the following expanded search terms:
‘surgery or surgical procedure operative or
operating rooms or preoperative care and
checklist or guideline adherence. The search
was limited to RCTs. The search terms and an
example of the full electronic search strategy
for Ovid are shown in Appendix 1.

Study selection

The title and abstract of each citation was
independently screened by two reviewers
(JK and KG) to identify potentially eligible
trials following the first search, and by two
reviewers (BMB and RNR) following the
updated search. If either reviewer considered
that the citation might contain a relevant
trial, the article was retrieved to undergo
full text evaluation. Full texts of all citations
identified as potentially relevant were then
independently evaluated by all the authors
to determine eligibility. Chance-corrected
inter-observer agreement for trial eligibility
following abstract screening was tested using
kappa statistics.

Trials were deemed eligible and included
in this review if they were conducted on
surgical patients comparing an operating
room SSC with standard or routine surgical
care. There was no requirement to report
any of the prespecified outcomes in the
publication for inclusion in this meta-
analysis, as the intention was to contact
authors for any missing outcome data.

Data collection process

Data were extracted into a standardised
data extraction sheet. Data extraction was
conducted at a workshop. As a result, the
delegates were allocated to three groups of six
authors (one group per included trial) for data
extraction, with any disagreements resolved by
consensus following consultation with BMB
(the moderator of the workshop). The authors
were emailed for resolution of data queries.

Data items

For each eligible trial, the data extracted
included author, year of publication, surgical
group studied, number of subjects, type of
SSC used, age of patients, level of hospital,
country and duration of follow-up. Outcome
data extracted included mortality, surgical
complications, anaesthetic complications
and length of stay. The study definitions for
each outcome were also extracted. Authors
were contacted for clarification of any
missing data if necessary.

Risk of bias in individual studies

Trials were assessed using the Cochrane
Collaboration risk-of-bias tool."! This
tool assesses selection bias, allocation bias,
performance bias, detection bias, attrition
bias and other bias. All assessments of bias
in individual studies were conducted by a
group of six authors per included trial, with

disagreements resolved through consensus
following consultation with BMB.

Summary measures

Study characteristics were analysed using
GraphPad QuickCalcs.['! Meta-analysis was
conducted using a random-effects model
in Review Manager version 5.3.5 (Nordic
Cochrane Centre, Denmark; Cochrane
Collaboration, 2014). All analyses were
based on the intention-to-treat principle.

Synthesis of results

Heterogeneity was assessed using I* and
x* analysis. Pooled dichotomous outcomes
were reported as risk ratios (RRs) and 95%
intervals (CIs). Continuous
outcomes were reported as mean differences
and 95% Cls.

confidence

Risk of bias across studies

A funnel plot to assess for the possibility of
publication bias would only be presented if
there were sufficient trials to warrant this.
In order to exclude selective reporting by the
authors, we contacted them where necessary
to determine whether they had collected data
on any of the outcomes of interest that were
not reported in the original publication.

Additional analysis
No additional analyses were conducted.

Records identified through
database searching,
n=636

Identification

n=464

Screening

n=464

n=5

Eligibility

n=3

Included

n=3

Records after duplicates removed,

Records screened,

Full-text articles assessed
for eligibility,

Studies included in
qualitative synthesis,

Studies included in
quantitative synthesis
(meta-analysis),

Additional records identified
through other sources,
n=2

Records excluded (n=459):
Not surgery,
n=263
Not surgical checklist,
n=151
Not operative checklist,
n=31
Not randomised,
n=11
Withdrawn trials,
n=2
Trial still to recruit,
n=1

Full-text articles excluded,
with reasons:
Not randomised,
n=1
No control group without
operative checklist,
n=1

Fig. 1. PRISMA flow diagram.
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Table 1. Description of included studies

Types of surgery Types of hospital

Scheduled surgery

Checklist,

n (%)

Age (years)

Duration of
follow-up

No checklist,

n (%)

No

No checklist, % Country
USA

Checklist, %

No checklist, %

Checklist, %

checklist

Not

Patients, N  Checklist

65

Type of checklist

Author
Calland

In hospital

Tertiary 100.0 ~ Tertiary 100.0

Laparoscopic Laparoscopic

23 (100.0)

24 (100.0)

Not

Intraoperative

cholecystectomy  cholecystectomy

100.0

reported

reported

surgical procedure
checklist locally
developed

Chaudhary ~ WHO SSC with

et al ,® 2011
et al.,' 2015

100.0

In hospital

Tertiary 100.0 Tertiary 100.0 India

GI surgery

100.0

GI surgery
100.0

Median 50 Median 48 271 (77.5) 264 (75.4)

700

preoperative

imaging and
postoperative DVT

modifications
‘WHO SSC

30 days

Norway

Mean 54-3 Mean 54-1 1671 (54.2) 1 305 (59.0) Ortho. 55.3 Ortho. 32.7 Tertiary 77.2 Tertiary 63.7
Community Community
22.8

(SD 23-3)

5295

Haugen

postoperatively

Thoracic 13.4

Thoracic 12.5
Neuro. 9.3

(SD 23.0)

et al ¥ 2015

36.3

Neuro. 17.6

General 27.0

General 16.9
Urology 5.9

Urology 9.3

GI = gastrointestinal; Ortho. = orthopaedic; Neuro. = neurological..

Results

Study selection

We identified 464 citations from the combined initial and updated
searches, with five selected for full-text evaluation (Fig. 1). From these,
we identified three eligible RCTs that included 6 060 patients.>'*'* Inter-
observer agreement for trial eligibility was excellent (kappa = 1.00).

Study characteristics

The study characteristics are presented in Table 1. Of the recruited
patients, 4 554 were from tertiary hospitals>'>'*! and 1 506 from
a community hospital.” Two of the three trials were conducted
in high-income country surgical environments, Norway and the
USA,>" and a single trial was conducted in a middle-income
country, India.l'" There was a significant six-fold difference in
mortality (p<0.0001) between the control groups of one high-
income country (Norwegian) trial (1.6%; 95% CI 0.9 - 1.8%)1
and the middle-income country (Indian) trial (10.2%; 95%
CI 8.0 - 12.4%).014

The SSCs differed between the trials, including a ‘surgeon’s
procedural checklist,"* the World Health Organization (WHO) SSC,!"*!
and a modification of the WHO SSC which included preoperative
imaging consultation with a radiologist and postoperative deep-vein
thrombosis (DVT) prophylaxis.!'

The control groups included either no checklist®* or a pre-
existing preoperative checklist that included nine of the WHO
SSC items and was only administered among the nursing team (as
opposed to the entire perioperative team).!

Trial follow-up was either in hospital,””! in hospital censored at
30 days," or 30 days.!"]

Risk of bias within studies

The risk-of-bias table is shown in Fig. 2. The study by Calland
et al.®! was a high-bias study. As a group, none of the studies
controlled for allocation concealment, and blinding of partici-
pants and personnel was not possible with administration of an
SSC. The stepped-wedge cluster randomisation method used
in the trial by Haugen et al.'"¥ introduced selection bias, as the
control group always preceded the intervention group. It is likely
that there was detection bias in the study by Chaudhary et al.'
A single study contributing 5 295 of the 6 060 patients to the

SLOT 1,10 12 Kieypneyd

Random-sequence generation (selection bias)

Allocation concealment (selection bias)

0 0 0 SL0T (¢ [P 32 uabney
+

000
o o 0 o 0 0 LLOT (g"/D 12 Pue|leD

Blinding of participants and personnel (performance bias)

aF Blinding of outcome assessment (detection bias)
aF aF Incomplete outcome data (attrition bias)

+ + Selective reporting (reporting bias)

+ ? + Other bias

Fig. 2. Risk-of-bias table. (- = high bias; + = low bias; ? = indeterminate bias.)
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Table 2. Outcome definitions

Outcome Author Definition Data source

Mortality Calland et al.,””) 2011 In hospital Publication
Haugen et al.,!"¥ 2015 30 days postoperatively Publication
Chaudhary et al.,l'!! 2015 In hospital Publication

Surgical complications

Calland et al.,”! 2011

Hospital readmission

Publication and author

Haugen et al.,l*1 2015 Composite of respiratory, cardiac, infections, surgical wound Publication
rupture, nervous system, bleeding, embolism, mechanical implant
complication, anaesthesia complications, unplanned return to
operating theatre and other complications
Chaudhary et al.,l¥ 2015 Composite of abdominal, respiratory, wound related, septic, Publication
cardiovascular, renal, bleeding and others, using the Clavien-
Dindo classification grade III definition which requires surgical,
endoscopic or radiological intervention
Respiratory Calland et al.,®' 2011 Not reported Publication
Haugen et al.,*! 2015 Pneumonia, respiratory failure, and other (asthma, pleural effusion ~ Publication
and dyspnoea)
Chaudhary et al.,' 2015  Not defined Publication
Cardiovascular Calland et al.,®! 2011 Not reported Publication
Haugen et al.,!"¥ 2015 Cardiac arrest, arrhythmia, congestive cardiac failure, acute Publication
myocardial infarction, angina pectoris
Chaudhary et al.,l'"!! 2015 Not defined Publication
Infections Calland et al.,* 2011 Not reported Publication
Haugen et al.,*1 2015 Sepsis, surgical site, urinary tract and others (meningitis, peri- and ~ Publication
endocarditis and gastroenteritis)
Chaudhary et al.,*1 2015 Sepsis (which included wound related, defined as the presence of Publication
pus in the wound)
Bleeding Calland et al.,’”) 2011 Not reported Publication
Haugen et al.,!"¥ 2015 A complication to surgical or medical procedures and valid Publication
for major or severe acute bleeding associated with the surgical
procedure that required erythrocyte transfusions unplanned for and
noted in the medical record by the surgeon
Chaudhary et al.,%1 2015 The appearance of fresh blood in the drains with haemodynamic Publication
instability or a fall of the haemoglobin level of 2 g/dL
Embolism Calland et al.,®! 2011 Not reported Publication
Haugen et al.,!'¥ 2015 Included arterial, venous, lung and air Publication
Chaudhary et al.,' 2015  Pulmonary embolism Publication

meta-analysis was adjudicated to have no detection, attrition or
reporting biases.!"*!

Unfortunately, we were unable to clarify any data queries with the
authors from the trial by Chaudhary et al.,'*) so all the data presented
here were extracted from the publication only.

Results of individual studies

The study outcome definitions are shown in Table 2. The individual
study results were mixed. In the small study of laparoscopic
cholecystectomies, the surgical checklist did not result in a difference
in surgical outcomes (it was not powered for clinically important
major adverse outcomes), although there were significantly more
safety-related team behaviours.™ In the large high-income country
(Norwegian) study, surgical complications decreased significantly
(absolute risk reduction (ARR) 8.4%, 95% CI 6.3 - 10.5), as did
mean length of hospital stay (-0.8 days; 95% CI 0.11 - 1.43 days).!'¥)

In-hospital mortality was not significantly decreased.!'® While all the
included studies provided data on outcomes in tertiary hospitals, this
was the only study that provided data on the efficacy of an SSC in a
community-level hospital (1 506 of the 5 295 patients in this study),"*!
and the SSC was associated with a significant decrease in mortality in
the community hospital subgroup (p=0.02).

In the trial of the efficacy of the SSC in a middle-income
country, mortality was decreased in the SSC group, but surgical
complications were only significantly reduced for the higher-grade
surgical complications group (grades 3 and 4 of the Clavien-Dindo
classification),™™ and not across all surgical complication grades.
Length of hospital stay was not reduced.!'!

Synthesis of results
The meta-analyses for mortality and surgical complications are
shown in Figs 3 and 4, respectively. For the primary outcome, the
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Checklist No checklist RR RR
Study or subgroup Events Total Events Total Weight,% M-H, random (95% Cl) M-H, random (95% Cl)
Calland et al,® 2011 0o 33 0 32 Not estimable
Chaudhary et al," 2015 20 350 35 350 456 0.57 (0.34-0.97) —
Haugen et al,*1 2015 30 3083 35 2212 544 0.61(0.38 - 1.00) —
Total (95% Cl) 3466 2594 100.0 0.59 (0.42 - 0.85)
Total events 50 70
1 1 1 ]
Heterogeneity: Tau’=0.00, x’=0.04, df=1 (p=0.84), ’=0% '0.01 01 1 10 100
Test for overall effect: 7=2.85 (p=0.004) Favours checklist ~ Favours no checklist
Fig. 3. Meta-analysis of the efficacy of the SSC on mortality. (M-H = Mantel-Haenszel.)
Checklist No checklist RR RR
Study or subgroup Events Total Events Total Weight,%  M-H, random (95% Cl) M-H, random (95% Cl)
Calland et al,” 2011 1 33 0 32 0.1 2.91(0.12 - 68.95)
Chaudhary et al,™ 2015 81 350 116 350 212 0.70 (0.55 - 0.89) el
Haugen et al," 2015 382 3083 440 2212 787 0.62(0.55-0.71) [ |
Total (95% Cl) 3466 2594 100.0 0.64 (0.57 - 0.71)
Total events 464 556 ) . . ,
Heterogeneity: Tau?=0.00, x*=1.56, df=2 (p=0.46), ’=0% '0.01 011 1'0 100I
Test for overall effect: 7=7.86 (p<0.00001) Favours checklist ~ Favours no checklist

Fig. 4. Meta-analysis of the efficacy of the SSC on surgical complications. (M-H = Mantel-Haenszel.)

SSC was associated with significantly decreased mortality (risk
ratio (RR) 0.59, 95% CI 0.42 - 0.85). The secondary outcome of
surgical complications was also significantly decreased (odds ratio
(OR) 0.64, 95% CI 0.57 - 0.71). There was little heterogeneity for
these outcomes (I’=0%), and relative risk reductions between the
two large trials were similar despite the large differences in ARR
between the two trials.

A meta-analysis of the individual components of the surgical
complications, revealed the following associations with the SSC:
respiratory complications RR 0.59, 95% CI 0.21 - 1.70, p=0.33;
cardiac complications RR 0.74, 95% CI 0.28 - 1.95, p=0.54; infectious
complications RR 0.61, 95% CI 0.29 - 1.27, p=0.18; and perioperative
bleeding RR 0.36, 95% CI 0.23 - 0.56, p<0.00001.

It was not possible to conduct a meta-analysis for the other
prespecified secondary outcomes. Anaesthesia complications were
reported in a single trial, with no difference between the groups
(p=0.772), although the incidence was low (0.3% in the control
group and 0.2% in the SSC group).!'” Length of stay was significantly
decreased in one trial™® and not in another."! We could not obtain
length-of-stay data from the authors of two of the trials in order to
conduct a meta-analysis for length of stay.*'*) There were no cost
analyses presented in any of the included trials.

Risk of bias across studies

There may be attrition bias associated with the definition of
surgical complications in the study by Calland et al.®! (and hence
selective reporting), as there was no formal surveillance for hospital
readmission for surgical complications (author communication).
However, removal of these data from the meta-analysis does not alter
the results of the meta-analysis presented in Fig. 4.

Removal of Chaudhary et al’s!"!! data due to detection bias resulted
in loss of survival benefit associated with an SSC in the meta-analysis
(RR 0.61, 95% CI 0.38 - 1.00; p=0.05), but no change in the significant
reduction of surgical complications (RR 0.62, 95% CI 0.55 - 0.71;
p<0.00001).

With only three clinical trials, no funnel plot analyses were
conducted.

Additional analysis
No additional analyses were conducted.

Discussion

Summary of evidence

This meta-analysis of RCTs showed that the use of an SSC was
associated with a significant decrease in short-term mortality
and surgical complications in a tertiary and community hospital
environment. There was little heterogeneity associated with these
findings. Previous meta-analyses of observational cohort studies,!'!
and now this meta-analysis of RCTs, provide compelling evidence for
policy-makers to ensure that SSC becomes mandatory health policy
where this situation does not yet exist, and that healthcare providers
champion the use of SSCs and ensure that they are implemented
correctly and consistently.

This meta-analysis is important because as more countries
adopt a national policy mandating SSCs, it becomes difficult to
conduct further RCTs. These data suggest that there is sufficient
randomised evidence to adopt SSCs in tertiary and community
hospital environments. Clinicians should now focus on the correct
implementation of SSCs to maximise benefit,'® especially as
compliance is low!" and complete implementation is associated with
better outcomes.””’ Indeed, in the two large studies included in this
meta-analysis, it is likely that compliance was overestimated based
on the self-reporting of the administering clinicians,"” and as such,
outcomes may even exceed those presented in this meta-analysis.

Study limitations

Study-level limitations may increase bias. Readmission as a marker
of surgical complications in the study by Calland et al.®) may have
been associated with attrition bias, as there was no formal monitoring
for readmission. The use of a stepped-wedge cluster randomisation
process,™¥ as routine implementation was mandated by policy,
increases selection bias. However, this will inevitably be a limitation
of implementing the SSC in any setting. Our priority now should be
to sustain the benefit shown by this meta-analysis by focusing on
sustained change management. The addition of DVT prophylaxis
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to the SSC may have added benefit to the checklist group;!¥
however, DVT prophylaxis alone would not explain the total benefit
associated with the SSC in that trial or in the meta-analysis.
Appropriate modifications to the checklist, such as the addition of
DVT prophylaxis, are acceptable and may further improve the utility
and effectiveness of surgical safety checklists.

The use of the Clavien-Dindo classification”! to determine surgical
complications that at grade 1 level are defined as minor risk events
not requiring treatment potentially introduces significant reporting
bias, which is important considering the possibility of detection bias
in this study.' For this reason, we only included the higher-grade
Clavien-Dindo complications in the meta-analysis, as they were less
likely to suffer from reporting bias.

At the review level, the major limitation of this meta-analysis
was the lack of comprehensiveness of the review in answering the
question of the efficacy of the SSC in all environments, especially as
there are no randomised data from rural-level hospitals. It is therefore
impossible to determine the impact of SSCs on outcomes at a rural
level. Furthermore, there was detection bias associated with two
trials.>!"l However, removing these trials still suggested a significant
reduction in surgical complications warranting implementation of an
SSC. Although no subgroup analyses were conducted, the individual
trials suggest benefit of implementation of the SSC in middle-
and high-income countries, and in tertiary as well as community
hospitals. The SSC therefore appears to have wide applicability.

Conclusions

There appears to be sufficient RCT evidence to suggest that SSCs
decrease hospital mortality and improve surgical outcomes in both high-
income and middle-income countries and in both tertiary and comm-
unity hospitals. We therefore recommend that no further randomised
trials of the efficacy of SSCs be conducted in tertiary and community
hospitals. Rather, implementation of SSCs should be considered a
global priority at the tertiary and community hospital level, and further
research should focus on the ideal components of an SSC, and strategies
to ensure successful implementation.'® Implementation of the SSC at
rural hospital level would be encouraged despite a lack of randomised
evidence, although a stepped-wedge approach would be recommended
to ensure adequate documentation of benefit.
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Appendix 1. An example of the search
strategy conducted in Ovid

Search terms N
1 Surgery.mp. 3245 650
2 Surgical procedure operative.mp. 88
3 Operating rooms.mp. 25411
4  Preoperative care.mp. 129 497
5 lor2or3or4 3339180
6  Checklist.mp. 67 375
7  Guideline adherence.mp. 45 989
8 6or7 112 742
9 5and8 7193
10 Limit 9 to RCT 352
11  Remove duplicates from 10 179
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