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relationship to decreased
postoperative morbidity and mortality
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a checklist-based surgical safety

intervention
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Objectives: To assess the relationship between
changes in clinician attitude and changes in
postoperative outcomes following a checklist-based
surgical safety intervention.

Design: Pre- and post intervention survey.

Setting: Eight hospitals participating in a trial of a WHO
surgical safety checklist.

Participants: Clinicians actively working in the
designated study operating rooms at the eight
hospitals.

Survey instrument: Modified operating-room version
Safety Attitudes Questionnaire (SAQ).

Main outcome measures: Change in mean safety
attitude score and correlation between change in safety
attitude score and change in postoperative outcomes,
plus clinician opinion of checklist efficacy and
usability.

Results: Clinicians in the preintervention phase
(n=281) had a mean SAQ score of 3.91 (on a scale of
1to 5, with 5 representing better safety attitude), while
the postintervention group (n=257) had a mean of
4.01 (p=0.0127). The degree of improvement in mean
SAQ score at each site correlated with a reduction in
postoperative complication rate (r=0.7143,
p=0.0381). The checklist was considered easy to use
by 80.2% of respondents, while 19.8% felt that it took
a long time to complete, and 78.6% felt that the
programme prevented errors. Overall, 93.4% would
want the checklist used if they were undergoing
operation.

Conclusions: Improvements in postoperative outcomes
were associated with improved perception of
teamwork and safety climate among respondents,
suggesting that changes in these may be partially
responsible for the effect of the checklist. Clinicians

held the checklist in high regard and the overwhelming
majority would want it used if they were undergoing
surgery themselves.

Delivery of operative care requires the coor-
dination of skilled clinicians from different
disciplines working together in a time-sensi-
tive, complex environment. As surgery plays
an increasingly prominent role in healthcare
around the world, growing attention is being
focused on the safety and quality of such
care. A growing body of research has linked
teamwork, safety culture and climate, and
patient outcomes following surgery.' > Using
lessons learnt from other high-reliability
industries such as aviation, interventions
have been designed to address gaps in

patient safety.6 7

Many such interventions
focus on teamwork and safety climate, yet the
relationship between safety climate and
patient outcomes is not well understood.®
We recently reported the results of a check-
list-based intervention designed by the Safe
Surgery Saves Lives initiative of the WHO to
reduce surgical complications globally.” This
intervention was associated with a greater than
one-third reduction in postoperative compli-
cations and deaths in hospitals located in
diverse geographic and economic environ-
ments (Canada, India, Jordan, New Zealand,
Philippines, UK and USA).

However, unlike many interventions involving
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drugs or medical devices, application of a team-based
intervention necessitates a change in clinical behaviour in
order to be successful. Study of these changes requires
qualitative and quantitative methods to understand how
the different factors involved in patient care relate to
improved outcomes. Brown et al suggest that a thorough
evaluation of quality improvement interventions requires
the use of ‘mixed methods,” and the study of multiple
endpoints including outcomes, fidelity to the interven-
tion and intervening variables, such as changes in the
processes of care and team function.” ' In this study, we
sought to understand some of the attitudes and percep-
tions of the clinical teams involved in implementation of
the WHO Surgical Safety Checklist. We hypothesise that
there is a relationship between changes in teamwork and
safety climate and the magnitude of the checklist’s effect
on postoperative outcomes.

METHODS

Survey instrument

The Safety Attitudes Questionnaire (SAQ) is a validated
instrument used to measure attitudes and perceptions in
various safety-related domains in healthcare.'' "% A
modification has been developed for use in the oper-
ating rooms (OR), from which we selected six items
related to the teamwork climate and safety climate
domains, areas that we felt most likely to be relevant to
the checklist intervention. These items were ‘I would feel
safe being treated here as a patient,” ‘Briefing OR
personnel before a surgical procedure is important for
patient safety,” ‘I am encouraged by my colleagues to
report any safety concerns I may have,” ‘In the ORs here,
it is difficult to speak up if I perceive a problem with
patient care,” ‘The physicians and nurses here work
together as a well-coordinated team,” and ‘Personnel
frequently disregard rules or guidelines that are estab-
lished for the OR.” This survey instrument was chosen
because of its well-established validity and previous use in
research to better understand issues of safety and team-
work in the surgical environment. Additionally, as
a surgery-specific modification had previously been
developed, we were able to select from these items for
our study. A panel of experts in surgical patient safety
developed six additional items specifically related to the
checklist intervention (‘The checklist was easy to use,’
‘The checklist improved OR safety,” ‘The checklist took
a long time to complete,” ‘If I were having an operation,
I would want the checklist to be used,” ‘Communication
was improved through use of the checklist,” and ‘The
checklist helped prevent errors in the OR’) which were
included only in the postintervention version of the
survey. Responses to these items were not included in
the calculation of the mean SAQ score. All responses
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were recorded on a five-point Likert scale (1=disagree
strongly, 2=disagree slightly, 3=neutral, 4=agree slightly,
b=agree strongly). In those instances where no answer
was provided for a specific item, the item was scored as
neutral, although non-response rates were measured.
Three items (‘In the ORs here...,” ‘Personnel frequently
disregard...’
were reverse-scored to calculate summary statistics.

and ‘The checklist took a long time...")

Data collection
The preintervention survey was distributed during 2 weeks
of the baseline data-collection period of the pilot study of
the WHO Surgical Safety Checklist described elsewhere.”
The postintervention survey was distributed in a similar
fashion over a 2-week period at the end of the intervention
phase prior to reporting of the results of the study. The
questionnaire was distributed in the study ORs over a 2-
week period to staff working in those ORs, targeting those
clinicians with experience using the checklist. The survey
was not limited to any particular discipline within the OR
and was specifically targeted to surgeons, anaesthesia
professionals, nurses, surgical technologists and trainees
in the above fields. Under the terms of our human
subjects’ committee approval, surveys were collected in
envelopes placed in the room to preserve anonymity,
although this inhibited calculation of the response rate. A
specific item on the data form ascertained whether the
respondent had previously completed the survey, and the
instructions on the form asked that each participant only
fill out the form once per phase. The local data coordi-
nator gathered the returned surveys and submitted the
results in an electronic form to the study team.
Postsurgical inpatient morbidity and mortality data
were collected prospectively through regular chart
monitoring and communication with clinical teams. We
utilised definitions of complications from the American
College of Surgeons National Surgical Quality Improve-
ment Project: acute renal failure, bleeding requiring =4
units of red cell transfusion within 72 h after surgery,
cardiac arrest requiring cardiopulmonary resuscitation,
coma for =24 h, deep venous thrombosis, myocardial
infarction, unplanned intubation, ventilator use for
=48 h, pneumonia, pulmonary embolism, stroke, major
wound disruption, surgical site infection, sepsis, septic
shock, syndrome,
unplanned return to the OR, vascular graft failure and
death.'* Data collection continued until patients were
discharged from the hospital or 30 days had elapsed,
whichever occurred first. Details of the rates of death
and complications following operation during the study
have been reported elsewhere, as have the specifics of

systemic inflammatory response

the checklist-based implementation programme.7
The study was approved by the Human Subjects
Committee of the Harvard School of Public Health, as
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well as by the equivalent body at each of the study sites.
No incentives were provided for return of the survey, and
all demographic questions were explicitly optional to
assist in protecting anonymity.

Statistical analysis

Respondent characteristics were summarised using
proportions for discrete variables, average scores for
ordered categorical variables and means with standard
deviations and ranges for continuous variables. The
Wilcoxon rank-sum test, adjusted for site, was used for
comparing continuous or ordered categorical variables
between the pre- and postintervention periods.'” The
Cronbach o was calculated for the six items taken from
the SAQ to assess for internal consistency.
Mantel—Haenszel tests, stratified by site, were used to
compare discrete variables between the pre- and post-
intervention periods. Associations between pairs of site
level variables (eg, change in mean safety attitude score
versus relative reduction in complications at the site
level) were estimated using the Spearman correlation
coefficients. Alpha was set at 0.05, and all p values were
two-sided. SAS version 9.1 was used for all analyses.

RESULTS

Clinicians from seven of the eight sites completed the
SAQ during the two phases of the study, with 281

Table 1 Demographics of respondents

respondents prior to checklist implementation and 257
after. One site failed to distribute the questionnaires.
The mean age of respondents was 38.0 years in the
preintervention group and 37.5 after. The median time
in current job was 2—5 years in both groups, and the
median experience in healthcare was 2—5 years among
baseline respondents and 5—10 years after the interven-
tion. Demographics of the respondents are displayed in
table 1. The two groups differed significantly only in the
distribution of respondents among the sites (p=0.0054),
with other differences in demographics being non-
significant (p>0.05). The missing response rate for the
SAQ was 0.3%, with nine of 1686 items unanswered in
the preintervention cohort and one of 1542 following
checklist implementation. No forms were returned with
an indication that the respondent had previously
completed the survey.

As shown in table 2, the aggregate mean safety atti-
tude score rose from 3.91 to 4.01 following imple-
mentation of the checklist (p=0.0127), with higher
response rates suggesting improved teamwork and
safety climates. At an individual item level, two of the
statements— ‘Briefing OR personnel before a surgical
procedure is important for patient safety’ and ‘I am
encouraged by my colleagues to report any safety
concerns I may have’—showed a significantly stronger
agreement postintervention (p=0.0058 and p=0.0225
respectively), while changes in the other four items did

Preintervention (n=281)

Postintervention (n=257)

n % n % p Value
Site
1 54 19.2 48 18.7 0.0054
2 85 12.5 29 11.3
3 12 4.3 16 6.2
4 47 16.7 58 22.6
5) 69 24.6 36 14.0
6 23 8.2 12 4.7
7 41 14.6 58 22.6
Gender
Male 141 50.2 149 58.0 0.2049
Female 91 32.4 74 28.8
No answer 49 17.4 34 182
Professional background
Surgeon 45 16.0 47 18.3 0.0817
Surgical trainee 59 21.0 35 13.6
Anaesthesia professional 53 18.9 41 16.0
Anaesthesia trainee 17 6.0 22 8.6
Operating room nurse 81 28.8 84 32.7
Scrub tech or other 9 3.2 14 5.4
professional
No answer 17 6.0 14 5.4
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Table 2 Pre- and postintervention safety attitudes

Preintervention Postintervention p Value
| would feel safe being treated here as a patient 4.01 (1.02) 4.02 (0.91) 0.4982
Briefing OR personnel before a surgical procedure is 4.58 (0.72) 4.79 (0.55) 0.0058
important for patient safety
| am encouraged by my colleagues to report any safety 4.02 (1.03) 4.21 (0.93) 0.0225
concerns | may have
In the ORs here, it is difficult to speak up if | perceive 2.40 (1.30) 2.56 (1.35) 0.3571
a problem with patient care
The physicians and nurses here work together as a well- 3.68 (1.11) 3.75 (0.94) 0.8051
coordinated team
Personnel frequently disregard rules or guidelines that are 2.44 (1.31) 2.19 (1.17) 0.0563
established for the OR
Total 3.91 (0.63) 4.01 (0.56) 0.0127

Responses were scored on a five-point Likert scale, anchored by strongly disagree (1) and strongly agree (5). All pre- and postintervention
values are mean (SD). The total value is the mean of responses, with negative statements (‘In the operating rooms (OR) here...” and ‘Personnel

frequently disregard...’) reverse-scored. All p values are two-sided.

not reach statistical significance. The Cronbach o for
the six items taken from the SAQ is 0.60. Figure 1
shows the relationship between the change in mean
safety attitude score at individual sites and the relative
reduction in complications seen at that site (r=0.7143,
p=0.0381).

Of the 257 clinicians who completed the post-
intervention survey, 80.2% thought the checklist was easy
to use, while only 19.8% felt it took a long time to
complete (table 3). A majority agreed that the checklist
improved OR safety and communication (80.2% and
84.8% respectively), and 78.6% thought that the check-
list helped prevent errors in the OR. A large majority
(93.4%) would want the checklist used if they were
having an operation; only four respondents (1.6%)
disagreed with this statement.

80%

70%

60%

50%

40% =

30%

o

20% v

10%

Relative Reduction in Complications

0% T T T T T T
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2

Change in Mean SAQ score

Figure 1 Changes in Outcome and Changes in Safety
Attitude. Each point represents one of the seven sites with
complete data on safety attitudes. The x-axis represents the
change in mean Safety Attitudes Questionnaire (SAQ) score
following the intervention, in points on the Likert scale. The
y-axis represents the percentage reduction in complications
observed following intervention. The Spearman coefficient is
0.7143 with p=0.0381.
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DISCUSSION

Implementation of the WHO Safe Surgery Saves Lives
checklist-based quality improvement project was associ-
ated with a small but significant increase in mean
teamwork and safety climate score among operating
personnel. Positive changes in perception of teamwork
and safety climate by these clinicians correlated with the
degree of improvement in postoperative morbidity and
mortality. Furthermore, nearly all respondents expressed
that they would want the checklist used if they were
undergoing an operation, suggesting that the checklist
had face validity to frontline clinicians. The improve-
ments in outcomes observed in the study of the WHO
Surgical Safety Checklist were striking, with rates of
complication decreasing from 11% during the baseline
period to 7% following implementation. Improvements
in adherence to selected safety indicators were also
significant. However, the improvements in outcomes did
not correlate consistently with improvements in specific
processes of care, suggesting that an intervening mech-
anism was at work.” In addition to the components of the
checklist that function to trap omission of specific safety
steps, many items were designed to enhance team
function and communication in the OR.'® Variation in
improvement of team function and safety climate are
possible explanations for some of the differences in
improvement observed among the sites, and this study
suggests a possible explanation for this effect.

Data from previous studies have linked introductions,
briefings and improved teamwork in the OR with
improved safety climate.'? '* 17 Observational studies
have shown an association between good teamwork, as
marked by frequent briefing, information sharing,
enquiry, vigilance and awareness, and decreased risk of
postoperative complications.* Dixon-Woods, in a recent
review of ethnographc study of OR processes concluded
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Table 3 Clinician opinion of the checklist (N=257)

Disagree, neutral

Agree or no answer

Opinion n % n %

The checklist was easy to use 206 80.2 51 19.8
The checklist took a long time to complete 51 19.8 206 80.2
The checklist improved operating room safety 206 80.2 51 19.8
Communication was improved through use of the checklist 218 84.8 39 15.2
The checklist helped prevent errors in the operating room 202 78.6 55 21.4
If I were having an operation, | would want the checklist to be used 240 93.4 17 6.6

that major barriers to patient safety were present on both
a structural and cultural level.'”® Institutions whose
frontline workers and managers score higher on safety
climate surveys have been found to have lower rates of
adverse patient safety indicators, as defined by the
Agency for Healthcare Research and Quality.” Our
findings support this previous work, with the additional
demonstration that a checklist-based quality-improve-
ment programme can improve both outcomes and safety
climate in tandem.

Clinicians who used the checklist in the OR had
a generally positive view of the tool. They did not find it
difficult to use and perceived its value in ensuring
patient
responded that they would want the checklist used in

safety. Perhaps most tellingly, nearly all
their own care, including some who explicitly doubted
the effect of the intervention. Even when clinicians
express some scepticism of this quality-improvement
tool, this fundamental perception of its value in
providing safe care suggests that a well-designed imple-
mentation programme can be successful in achieving
clinician acceptance and use of the checklist.

There are several limitations to this study. We were
unable to track the survey response rate due to the
restrictions of our survey methods under human-subjects
committee oversight. Without this information, we
cannot know whether the respondents are representative
of the site as a whole. However, the demographics of the
respondents in the preintervention and postintervention
surveys suggest that the two groups are very similar. We
also ensured that there were no multiple responses to
the survey. Additionally, the pilot sites, while geograph-
ically and economically diverse, were not chosen to be
representative of hospitals providing surgical care. All
volunteered to participate in this project and had lead-
ership committed to improving patient safety. Therefore,
the findings may not be generalisable to all institutions.
Additionally, the survey was administered in the context
of a larger quality improvement and research project.
Clinicians in the study rooms, as well as the hospitals as
a whole, were aware that this initiative was taking place
and that the checklist was being studied as it was
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implemented. There may have been a desire to provide
responses that demonstrated success of the programme.
However, the variation between the sites, as well as the
correlation with efficacy of the checklist in preventing
postoperative adverse events, suggests that there was
a real relationship between teamwork and safety climate
and patient outcomes. A further study of safety attitude
in settings where the checklist is being implemented as
a quality-improvement project outside a research
protocol would be useful to understand this relationship
more clearly.

We cannot determine if the association between
improvements in safety attitude score and reduction in
postoperative complications is a causal relationship, or
what the direction of causality might be. The post-
intervention survey was administered prior to the final
analysis and release of the outcome data. However,
frontline clinical workers may have independently
recognised the changes in outcome that followed
implementation of the checklist, and this could have
conceivably influenced their perception of the safety
climate at their institution. Conversely, the checklist and
associated programme may have led to increased
communication and thus improved perception of
teamwork and safety climate; some other, unidentified
factors may have led to the improvements in both atti-
tude and outcome. Additionally, while the change in
safety attitude score was statistically significant, the
magnitude was small, and further confirmatory research
is necessary to explore this relationship in greater depth.

While the SAQ is a wellvalidated psychometric
instrument, we administered only 10% of the 58 ques-
tions on the OR-based version, as the longer version was
impractical in this large, international quality improve-
ment and research programme, particularly in poorer
settings with limited research funds. The six items were
selected from the two domains, safety climate and
teamwork climate, felt to reflect the safety changes
associated with the checklist intervention. While we
observed significant changes in the six items adminis-
tered in these two domains, it is unknown whether the
observed effect and association with changes in outcome
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would remain had the entire instrument been adminis-
tered. There was acceptable internal consistency among
our questions measuring safety climate and teamwork
climate.

In this study, we sought to understand the clinician
perception of safety climate among OR teams along with
attitude towards a specific intervention, the WHO
Surgical Safety Checklist. The results of this survey
suggest that perception of team function and safety
climate increases following introduction of the WHO
checklist-based intervention and that this change is
correlated with improvements in outcomes. It is possible
that some portion of the effect of the intervention is
mediated by team attitudes towards safety. Further
research will help to understand the strength and
mechanism of these relationships.
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