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Abstract

Background

“The Surgical Safety Checklist (SSC) is important, but we don’t use it adequately” is a well-

suited statement that reflects the SSC's application in hospitals. Our aim was to follow up on

our initial study on compliance (2014) by analysing differences between individual percep-

tion and compliance with the SSC.

Methods

We conducted a follow-up online survey to assess healthcare professionals’ individual per-

ception of, as well as satisfaction and compliance with the SSC three years following its

thorough implementation.

Results

171 (19.5%) of 875 operating teammembers completed the online survey. 99.4% confirmed

using the SSC. Self-estimated subjective knowledge about the intention of the checklist

was high, whereas objective knowledge was moderate, but improved as compared to 2014.

According to an independent audit the SSC was used in 93.1% of all operations and among

the SSCs used the completion rate was 57.2%. The use of the SSC was rated as rather

easy [median (IQR): 7 (6–7)], familiar [7 (6–7)], generally important [7 (7–7)], and good for

patients [7 (6–7)] as well as for employees [7 (7–7)]. Only comfort of use was rated lower [6

(5–7)].
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Conclusion

There is a gap between individual perception and actual application of the SSC. Despite

healthcare professionals confirming the importance of the SSC, compliance was moderate.

The introduction of SSCs in the health care sector remains a constant challenge and

requires continuous re-evaluation as well as a sensible integration into existing workflows in

hospitals.

Introduction
Within the University Hospital Graz, the Surgical Safety Checklist (SSC) has been in use since
2011, and was thoroughly implemented across the entire hospital in 2012. Recently published
data on our SSC-use demonstrated that further improvements were needed to achieve better
compliance and acceptance of the SSC [1]. It became obvious that the general use of the SSC
was good, however, the rate of completed SSCs continuously decreased over time.

On the one hand, similar results were observed in an observational study in Colorado,
where 90% of hospitals used the SSC, but reported inconsistent and incomplete use [2]. On the
other hand, inadequate use did not influence a 30-day measure of mortality [3–6]. Other stud-
ies showed that the correct use of the SSC reduced complications [5, 7, 8]. Haugen and col-
leagues also reported a dosage-like effect on the completion rate of SSCs, where a significant
reduction of major complications occurred when teams completed all checklist items [9].

Some employees still feel that the SSC is just a tick-off list and monitoring tool [10]. We
have to understand that the SSC is a new tool that has to be integrated into a habitual process
that has not much changed in the past. Therefore, it is imperative that the SSC has to be
adapted to local circumstances. The overall intention of the SSC is to create an environment
empowering all team members to speak up and discuss every item, although this component is
sorely neglected so far [2, 10–12]. One reason might be the hierarchical barriers present in an
OR [13]. Therefore, apart from adapting the SSC to local circumstances with all stakeholders,
an important factor in reaching SSC acceptance and compliance is promotion, training and
specific feedback mechanisms to improve individual knowledge, compliance and thereby the
intention for SSC-usage [1, 13, 14].

So far, SSC-implementation has also had little impact on changing the safety climate [15].
Up to now, simply making the SSC mandatory has not led to the expected outcome of reducing
risks for patients [2], and non-adherence to internal guidelines seemed to be a commonly
accepted practice. A Swiss study showed that both surgeons and anaesthetists perceived the
SSC as a valuable instrument in general and that opinions towards the SSC were overall posi-
tive. However, the study also revealed that one of the main intentions of the SSC—achieving
better teamwork—was not being facilitated by the tool [16]. Rydenfält therefore postulated that
personnel’s conception and perceived importance of SSC items predominantly influences SSC
application [11].

Another study indicated that physicians would want the SSC to be used if they were to
undergo surgery themselves; however, the same professional group was still resistant to using it
as proposed [10]. Taking the patients’ view, the majority also agreed that they would like the
SSC to be used and that it would make them feel safer. The fact that the tool had just been
introduced in the healthcare sector was met with surprise [17].

In the University Hospital of Graz, efforts were made to facilitate the SSC among all health-
care professionals. To increase SSC-compliance we offered a bundle of interventions. First,

Surgical Safety Checklist Use

PLOS ONE | DOI:10.1371/journal.pone.0149212 February 29, 2016 2 / 11



corresponding operating teams received an introduction through a YouTube video from the
NHS entitled “How not to do the surgical safety checklist”. Secondly, in bespoke role plays,
employees were trained on how to ask and answer questions. Third, we regularly performed
systematic audits and gave feedback on SSC-compliance in focus group discussions. Finally, all
employees working in an OR were asked through a survey to give us their feedback on profes-
sionals’ knowledge of, satisfaction with, as well as individual perception of SSC-usage [1]. The
baseline survey in 2014 revealed promising results; however, internal audits showed contrary
findings. Subsequently, we offered further individual training sessions for each OR-team; nev-
ertheless, these sessions were not sought after by senior managers as expected. Additionally,
within the baseline survey, annotations were given and healthcare professionals suggested an
in-house-training video to further support SSC-training. Therefore, a training video supporting
adult-based learning and demonstrating the correct use of the SSC was produced as a support-
ing tool to gain progress in increasing the intention of SSC-usage [10, 18].

This follow-up study primarily aimed to examine if further promotion of the SSC positively
influenced healthcare professionals’ individual perception of the SSC. The secondary aim was
to re-assess healthcare professionals’ knowledge of, as well as satisfaction and compliance with
the SSC three years after its thorough implementation.

Materials and Methods
The study (online survey) was approved by the Medical University Graz Ethics Committee
(vote-number: 26–137 ex 13/14).

Training video
An in-house training video was produced [18]. The link to the video was sent out via email to
all senior managers in January 2015. Senior managers were asked to show the video to their
colleagues in one of their routine meetings. Additionally, the link to the video was sent to all
healthcare professionals working in an OR. The use of the educational video was tracked based
on how many times it was accessed via YouTube channel.

Assessing compliance
According to the first study by Sendlhofer et al., unannounced audits were introduced to assess
SSC-compliance rates. Altogether, four audits took place (February and November 2013, June
2014, May 2015) [1]. After finalizing the follow-up online survey in May 2015, two additional
days were determined for the fourth audit and announced via email. The Department of Qual-
ity and Risk Management collected the SSCs. The number of operations performed versus the
number of collected SSCs was compared with scheduled and definitively performed operations.
Corresponding data were collected from the hospital’s electronic documentation system [1].
We also performed quantitative analyses to review whether checklist items were ticked or not.
If one checklist item was not ticked, the SSC was rated as incomplete.

Online survey
As done in 2014, from April 15th to May 14th 2015 we used a validated survey for online assess-
ment of frequency of use, satisfaction with the implementation as well as subjective and objec-
tive knowledge (S1 and S2 Tables). Additionally within this follow-up study, we examined
individual perception of the SSC's usefulness by asking 6 questions, which were polled in the ini-
tial survey in 2014 (data previously not published). For SSC-usefulness, a 7-point-Likert-scale
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ranging from “do not agree at all” corresponding to “1” to “completely agree” corresponding to
“7” was used.

All employees working in an OR were given the opportunity to provide feedback. The
online questionnaire was sent to 875 employees working in one of the 44 operating theatres, a
sample that corresponds to 20% of the total workforce of the university hospital and included
all professional groups. The procedure of the survey was in analogy to the initial online survey
in 2014 [1]. As proposed by Burns et al., weekly reminders were automatically sent by the sys-
tem to non-responders [19].

Statistical analysis
Survey data were analysed using descriptive statistics for the total cohort and for each of the
two professional groups (consultants and nursing staff). Categorical variables are presented as
absolute and relative frequencies; for metric variables, median and interquartile ranges (IQR;
range from first to third quartile) are given, since none of these variables was normally distrib-
uted. Differences between the professional groups were assessed by Mann-Whitney U or Chi-
Squared test according to the variable level. Differences between the surgical and anaesthetic
staff within the two professional groups were also tested. Since the study was not hypothesis-
driven, all analyses are of a purely exploratory nature. All analyses were conducted using SPSS
version 22.

Results

Checklist use
The fourth unannounced audit showed that SSCs were used in 93.1% (173/291) of operations.
Among the SSCs used, 42.8% (116/271) had been partially completed. In the two years between
the second and the current audit, completion rates remained similar with 60.6% in the second,
53.2% in the third and 57.2% in the current audit (Fig 1) [1].

General survey results
In 2015, 875 employees were asked to participate in the follow-up online survey and the overall
response rate was 19.5% (Table 1). Compared to the initial survey in 2014, relatively more con-
sultants responded to the survey. The sample consisted of 57.9% (2014: 66.9%) women. The
median age was 40 (2014: 40.5). 60.8% (2014: 58.8%) of responders had been working in an
operating theatre for at least 10 years and 53.2% (2014: 56.9%) revealed having spent at least 32
hours per week there.

Frequency of checklist utilization
99.4% (2014: 91.3%) stated that they used the SSC and 88.3% (2014: 80.6%) thereof specified
having used the SSC in 91–100% of all operations (Table 2). Compared to the initial survey, in
three out of four professional groups relatively more participants revealed using the SSC in 91–
100% (S1 Fig). Overall, the estimation of consultants versus nursing staffs regarding how often
they were using the SSC did not differ significantly (p = 0.108). Further analysis in the respec-
tive subgroups did not demonstrate any significant differences between surgeons and anaesthe-
siologists (p = 0.212) nor between nurse anaesthetists and operating theatre nurses (p = 0.451).

Satisfaction with checklist implementation
Satisfaction with the implementation of the SSC decreased among the professional groups of
consultants and remained almost the same for nursing staff (Table 2). However, it can be seen
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Fig 1. Utilization and completion rates of the SSC. Data up to audit 3 are depicted from Sendlhofer et al. [1].

doi:10.1371/journal.pone.0149212.g001

Table 1. Online survey—sample characteristics.

Survey (year) 2014* 2015 2014* 2015

Consultants Consultants Nursing staff Nursing staff

N (%) 60 (37.5) 76 (44.4%) 100 (62.5) 95 (55.6%)

Female (%) 28 (46.7) 24 (31.6) 79 (79.0) 75 (78.9)

Median age in years (range) 46.5 (28, 59) 47 (28, 60) 36 (21, 60) 33 (20, 62)

Professional experience (%)

0–< 5 years 6 (10.0) 8 (10.5) 21 (21.0) 30 (31.5)

5–< 20 years 38 (63.3) 46 (60.5) 52 (52.0) 42 (44.2)

More than 20 years 16 (26.7) 22 (28.9) 27 (27.0) 23 (24.2)

Hours spent in the OR in an average week

0–< 16 12 (20.0) 27 (35.5) 21 (21.0) 11 (11.6)

16–< 32 11 (18.3) 22 (28.9) 25 (25.0) 20 (21.1)

32–and more than 40 37 (61.7) 27 (35.5) 54 (54.0) 64 (67.4)

* data are depicted from Sendlhofer et al. [1]

doi:10.1371/journal.pone.0149212.t001
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that within nursing staff, operating theatre nurses are now less frequently satisfied or very satis-
fied, whereas satisfaction among nurse anaesthetists actually increased (S2 Fig). Overall, the
satisfaction of consultants and nursing staff with the SSC implementation process did not differ
significantly (p = 0.072). No differences were found between surgeons and anaesthesiologists
(p = 0.202) or between anaesthetic and operating theatre nurses (p = 0.352).

Knowledge concerning the SSC
Self-reported knowledge about the SSC and its usage was high among all professional groups.
88.9% (2014: 82.5%) stated that their knowledge was either very good or rather good (Table 2).
Whereas surgeons were less confident about their knowledge than in 2014, all other profes-
sional groups indicated more frequently having rather good or good knowledge (S3 Fig). Con-
sultants’ and nursing staffs’ estimation of their subjective knowledge did not differ significantly
(p = 0.487). There were also no observed differences between surgeons and anaesthesiologists
(p = 0.739) or between the two subgroups of nursing staff (p = 0.231).

With regard to objective knowledge, measured as the total number of correctly answered
true/false questions, a median of 8 out of 10 questions (IQR: 7–9) were answered correctly and
these numbers were identical among consultants (median: 8; IQR: 7–9) and similar for nursing
staff (median: 8; IQR: 7–8), but with significant differences between consultants and nursing
staff (p = 0.041) (S4 Fig). As in the initial study, no significant correlation between subjective
and objective knowledge was found (data not shown).

Individual perception of the SSC's usefulness
The estimation of individual perception of the SSC's usefulness, measured on a 7-point Likert
scale, showed that the use of the SSC was rated as rather easy [median (IQR): 7 (6–7) in both
2014 and 2015], familiar [7 (6–7) in both years], generally important [7 (7–7) in both years],

Table 2. Results of the online survey.

2014* 2015 2014* 2015

Consultants Consultants Nursing staff Nursing staff

N = 60 (37.5%) N = 76 (44.4) N = 100 (62.5%) 95 (55.6)

Use of SSC (%)

Yes 59 (98.3) 75 (98.7) 87 (87.0) 95 (100.0)

Frequency of SSC use

0–70% of operations 1 (1.7) 3 (4.0) 14 (14.0) 6 (6.4)

71–90% of operations 6 (10.0) 2 (2.7) 10 (10.0) 8 (8.4)

91–100% of operations 53 (88.3) 70 (93.3) 76 (76.0) 81 (85.3)

Satisfaction with SSC

Very satisfied and satisfied 45 (75.0) 53 (70.7) 54 (54.0) 52 (54.7)

Somewhat satisfied 9 (15.0) 13 (17.3) 30 (30.0) 31 (32.6)

Rather and very unsatisfied 6 (10.0) 9 (12.0) 16 (16.0) 12 (12.6)

Subjective knowledge

Very good and rather good 50 (83.3) 61 (80.3) 82 (82.0) 91 (95.8)

Okay 9 (15.0) 12 (15.8) 10 (10.0) 3 (3.2)

Rather bad and very bad 1 (1.7) 3 (3.9) 8 (8.0) 1 (1.1)

Median number of correctly answered questions (range) 8 (4, 10) 8 (4, 10) 8 (3, 9) 8 (4, 10)

* data are depicted from Sendlhofer et al. [1]

doi:10.1371/journal.pone.0149212.t002
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and good for patients [7 (6–7) in both years] as well as for employees [7 (7–7) in both years].
Only comfort of use was rated lower [6 (5–7) in both years]. In 2014, there were no significant
differences between the consultants and nursing staff, whereas in 2015 nursing staff rated the
use of the SSC as more important (p = 0.007) and better for patients (p = 0.020). Differences
between surgeons and anesthesiologists as well as OR nurses and nurse anesthetists are shown
in Table 3.

Discussion
In 2015, results of the fourth audit and the follow-up online survey showed that there is a gap
between individual perception and SSC-compliance between healthcare professionals. Whereas
healthcare professionals believed that they used the SSC in 99.4% of all operations, the fourth
independent audit showed that the SSC was used in 93.1% and completion rates were even
lower (57.2%). In contrast to observed compliance rates, our data further indicated that indi-
vidual perception of the SSC's usefulness was quite high, and revealed differences among pro-
fessional healthcare groups. Overall, these findings demonstrate a distinction between
perceived importance and actual use as well as compliance with the checklist items.

A number of studies have shown that the SSC has been able to reduce complication and
mortality rates [5, 6, 8, 9, 13, 20], and reports also recommended full compliance with the SSC
as a result of its dosage-dependant response on SSC-completion and complication rates [6, 9,
21]. Nevertheless, the use of the SSC is still not a “fast selling item” [1, 6]. But what are the rea-
sons for not using the SSC as would be expected and why is there still a need to explain the cor-
rect use of a checklist per se?

Prior to the implementation of the SSC in our university hospital, an interdisciplinary team
with all healthcare professionals adapted the WHO-SSC in order to best incorporate it into
existing operative workflows and to best overcome obstacles and associated fears. Additionally
our SSC also offers the opportunity to tick off certain checklist items with either “yes”, “no” or
“not relevant” as for instance for checklist items “site marked”, “critical or unexpected steps” or
“equipment problems”. This option was implemented for cases where certain checklist items
might not be relevant for a particular procedure.

Table 3. Median (IQR) individual perception of SSC-usefulness on the 7-point-Likert-scale.

2014 2014 2015 2015

The use of the SSC is Surgeon Anesthesiologist p Surgeon Anesthesiologist p

- easy (= 7) or difficult (= 1) 7 (6–7) 7 (6–7) 0.670 7 (6–7) 7 (6–7) 0.511

- comfortable (= 7) or uncomfortable (= 1) 6 (5–6) 7 (6–7) 0.008 6 (5–7) 6 (5–7) 0.713

- familiar (= 7) or unfamiliar (= 1) 6 (5–7) 7 (6–7) 0.097 7 (6–7) 7 (6–7) 0.612

- important (= 7) or not (= 1) 7 (6–7) 7 (7–7) 0.046 7 (6–7) 7 (7–7) 0.486

- good (= 7) for employees or not (= 1) 7 (6–7) 7 (7–7) 0.028 7 (6–7) 7 (6–7) 0.849

- good (= 7) for patients or not (= 1) 7 (6–7) 7 (7–7) 0.046 7 (6–7) 7 (6–7) 0.893

OR Nurse Nurse anesthetists OR Nurse Nurse anesthetists

- easy (= 7) or difficult (= 1) 7 (6–7) 6 (5–7) 0.109 7 (6–7) 6.5 (6–7) 0.133

- comfortable (= 7) or uncomfortable (= 1) 6 (5–7) 6 (5–6.5) 0.165 6 (5–7) 6 (5–6) 0.051

- familiar (= 7) or unfamiliar (= 1) 7 (6–7) 6 (5–7) 0.019 7 (6–7) 6 (5–7) 0.001

- important (= 7) or not (= 1) 7 (6–7) 7 (7–7) 0.489 7 (7–7) 7 (7–7) 0.218

- good (= 7) for employees or not (= 1) 7 (6–7) 7 (5.5–7) 0.616 7 (7–7) 7 (6–7) 0.002

- good (= 7) for patients or not (= 1) 7 (7–7) 7 (7–7) 0.931 7 (7–7) 7 (7–7) 0.599

doi:10.1371/journal.pone.0149212.t003
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In general SSC-usage was very good, however, completion rates were too low. One reason
for poor SSC completion rates might be the fact that the implementation of the SSC was a top-
down-driven process. Healthcare professionals still perceive the SSC as a monitoring tool and
deviate from their good intentions. All professional groups also admit that the use of the SSC is
less comfortable. We have to understand that the SSC is a new tool that has to be integrated
into a habitual process. The SSC therefore demands a behavioural change from all team mem-
bers in an OR and this might further explain why a certain amount of time is need before the
envisaged benefit becomes evident.

Within our setting, independent audits of SSC-use started in 2013 and since then it seemed
that we have reached a steady state. SSC completion rates varied between 53.2% and 60.6% of
used SSCs and are comparable to recently published data from five NHS hospitals [6]. Consid-
ering that a large proportion of SSCs were incomplete, perceived importance of checklist items
might play a major role in SSC compliance [11]. Therefore, we consistently involve healthcare
professionals of each surgical department after each audit to ask whether further changes to the
SSC are necessary.

Concerning compliance to checklist items one might argue that specific checklist items
might not be relevant for a particular procedure and thus, if they are omitted from the SSC it
may not mean that the team is not performing the SSC or not adhering to its intent and con-
tent. We have to admit that in our case the SSC offers the opportunity to answer certain check-
list items with either “yes”, “no” or “not relevant”. Therefore, we are convinced that the audit
of SSCs in terms of completion rates is an appropriate tool to prove compliance to the SSC.
Therefore, we are surprised, that the gap between high individual perception and compliance
of the SSC still remains constant at approximately 60%. Performing audits of SSC checklist
items completion rates is an adequate tool to prove compliance. Nevertheless, in order to prove
team performance with respect to SSC-usage, audits in an OR are needed to further investigate
the possible disconnection between physical completion of the SSC and actual compliance to
checklist items.

The risk assessment approach of the aviation industry has provided healthcare with some
best practice examples on systematically dealing with medical errors [22]. In aviation there is
no doubt about the usefulness of checklists and checks are performed routinely, however with-
out ticking any checkbox items. All professional groups perceive that the SSC is good for
patients, is very important and in particular for employees. Though the frequency of checklist
use increased and reached almost 100%, none of the professional groups felt fully comfortable
when using the SSC. This can most likely be explained by existing hierarchical barriers [23]. At
the same time, the valuable progress in SSC-use might be a result of the constant promotion of
the SSC, however, SSC-completion in daily routine may still be perceived as inhibitory to the
routine workflow.

In the meantime, the SSC is being used worldwide and is broadly accepted [16], nevertheless
its application is still questioned with respect to benefits as in non-technical skills. Human fac-
tor-based training and structured team training were proposed to support better SSC-compli-
ance [20, 24], however, we observed individual opposition to one-on-one training sessions.
Healthcare professionals feel uncomfortable when being supervised by a third party. Nonethe-
less, customized training proved to be effective as compared to standardized training by simply
using videos or posters from third parties [25]. This is why we introduced an in-house training
video supporting adult-based learning where healthcare professionals from one department
were shown how to best run the SSC [18]. We postulated that through customized training, pos-
itive trends towards SSC-individual perception, knowledge and compliance could be reached.
The video was sent out to all healthcare professionals working in an OR. We knew that not all
healthcare professionals open their emails routinely, and some have never even activated their
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email account, which is why we also encouraged all senior managers to show the video in their
daily routine meetings. Tracked by YouTube, the video was accessed more than 500 times. We
believe that it was most often healthcare professionals from the university hospital who accessed
the video on YouTube channel, as we did not promote the video to a broader community in
Austria. We also know that the video was presented very often during routine meetings; in these
cases, one hit on YouTube means that more healthcare professionals had seen the video. In gen-
eral we observed increased subjective knowledge on checklist use as well as increased objective
knowledge. We assume that the in-house-video might have had a certain impact.

To summarize, individual perception and usefulness of the SSC was found to be high and
increased in one year, however, when using the SSC as expected, healthcare professionals felt less
comfortable. Barriers with respect to low compliance are diverse and can most commonly be
triggered by engaged leadership as well as by a checklist that fits into routine procedures. Person-
nel’s conception of the SSC influences its use [11], even though we observed highly perceived
usefulness of the SSC, increased subjective and objective knowledge but less compliance. There-
fore we have to raise some questions in the future: i) what were the “blockers” to the introduction
and utilisation of the SSC, ii) is there a need for an SSC with checkbox items to tick off or is the
approach taken by the aviation industry sufficient, iii) are there still too many checkbox items,
iv) did the SSC prevent any harm in the past, and v) what are success factors in SSC-usage?

The study has several limitations. The poor response rate did not improve despite sending
out three reminders to non-responders. As already mentioned in the initial survey, employees
reported certain concerns regarding anonymity, even though the survey process was outlined
in detail. In the future, hard copy rather than online surveys might be helpful in increasing the
response rate and reducing scepticism with regard to anonymity. Another reason for the poor
response rate could have been the peculiar fact that 25–50% of all employees within our hospi-
tal had not yet activated their email account, which was revealed after the initial survey [1].
Therefore, we encouraged senior managers to also informally remind their colleagues to partic-
ipate in the survey. Due to study design we are not able to prove whether employees who took
part in the initial survey also took part in the second survey. The fact that only a certain num-
ber of employees had access to their email may have also influenced educational intervention
with the in-house video. We were also only able to trace the access to the video via the official
YouTube website. More than 500 clicks to the video might also include clicks by anyone else
outside the university hospital who found the video on YouTube. Furthermore, within the
online survey we did not ask whether employees had accessed the video, therefore we are not
able to evaluate if the video-intervention had any effect on the results. Finally we assessed com-
pliance in terms of SSC use and ticking off checklist items, but we did not investigate the qual-
ity of the SSC use. Quality measurements within each OR are part of an ongoing process,
however data are not available as of yet for all ORs.

Conclusion
In conclusion, we detected that individual perception of the usefulness of the SSC stands in
contrast to its actual application and compliance. Promoting its use and usefulness seems to be
an ongoing challenge towards the goal of gaining acceptance amongst healthcare professionals
and raising compliance in order to create a safe environment for patients and employees.
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S1 Fig. Comparing frequency of checklist use per specialty group of consultants and nurs-
ing staff in 2014 and 2015, numbers above bars represent absolute frequencies.
(TIFF)
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tants and nursing staff in 2014 and 2015.
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S1 Table. Questionnaire items: general use of the SSC, frequency of SSC use, satisfaction
with the implementation, subjective and objective knowledge (correct answer in brackets)
as well as individual perception of the SSC’s usefulness as used in the Swiss survey.Question
2 of objective knowledge was changed to adhere to local procedures.
(DOCX)

S2 Table. Questionnaire items in the original language as used in the Swiss survey: Wissen
und Einstellung zur OP-Checkliste.
(DOCX)

Acknowledgments
The authors wish to express their gratitude to the entire organization for their willingness to
support patient safety issues. The authors declare that the Patient Safety Foundation Switzer-
land agreed to the use of their online questionnaire. Furthermore, we would like to thank the
Austrian Society for Quality and Safety in Healthcare (ASQS) for the support on this important
patient safety topic.

Author Contributions
Conceived and designed the experiments: GS BK KL. Performed the experiments: LJ BK. Ana-
lyzed the data: AB GP GB CTMS. Contributed reagents/materials/analysis tools: GP AB.
Wrote the paper: GS DBL LPK.

References
1. Sendlhofer G, Mosbacher N, Leitgeb K, Kober B, Jantscher L, Berghold A, et al. Implementation of a

surgical safety checklist: interventions to optimize the process and hints to increase compliance. PloS
ONE 2015; 10(2): e0116926. doi: 10.1371/journal.pone.0116926 PMID: 25658317

2. Biffl WL, Gallager AW, Pieracci FM, Berumen C. Suboptimal compliance with surgical safety checklists
in Colorado: a prospective observational study reveals differences between surgical specialists. Patient
Safety in Surgery 2015; 9: 5. PMID: 25642287

3. Urbach DR, Govindarajan A, Saskin R, Wilton AS, Baxter NN. Introduction of Surgical Safety Checklists
in Ontario, Canada. N Engl J Med 2014; 370: 1029–1038. doi: 10.1056/NEJMsa1308261 PMID:
24620866

4. Bergs J, Hellings J, Cleemput I, Zurel Ö, De Troyer V, Van Hiel M, et al. Systematic review and meta-
analysis of the effect of theWorld Health Organization surgical safety checklist on postoperative com-
plications. BJS 2014; 101:150–158.

5. Tang R, Ranmuthugala G, Cunningham F. Surgical safety checklists: a review. ANZ J Surg 2013; 84:
148–154. doi: 10.1111/ans.12168 PMID: 23601094

Surgical Safety Checklist Use

PLOS ONE | DOI:10.1371/journal.pone.0149212 February 29, 2016 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149212.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149212.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149212.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149212.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149212.s006
http://dx.doi.org/10.1371/journal.pone.0116926
http://www.ncbi.nlm.nih.gov/pubmed/25658317
http://www.ncbi.nlm.nih.gov/pubmed/25642287
http://dx.doi.org/10.1056/NEJMsa1308261
http://www.ncbi.nlm.nih.gov/pubmed/24620866
http://dx.doi.org/10.1111/ans.12168
http://www.ncbi.nlm.nih.gov/pubmed/23601094


6. Mayer EK, Sevdalis N, Rout S, Caris J, Russ S, Mansell J, et al. Surgical checklist implementation proj-
ect: the impact of variable WHO checklist compliance on risk-adjusted clinical outcomes after national
implementation: a longitudinal study. Annals of Surgery 2015.

7. Haynes AB, Berry WR, Gawande AA. What do we know about the safe surgery checklist now? Annals
of Surgery 2015; 261(5).

8. Klei WA, Hoff RG, van Aarnheim EEHL, Simmermacher RKJ, Regli LPE, Kappen TH, et al. Effects of
the introduction of theWHO „Surgical Safety Checklist”on in-hospital mortality. Annals of Surgery
2011;1–6.

9. Haugen AS, Softeland E, Almeland SK, Sevdalis N, Vonen B, Eide GE, et al. Effect of theWorld Health
Organization checklist on patients outcome: a stepped wedge cluster randomized controlled trial. Ann
Surg. 2015; 261: 821–828. doi: 10.1097/SLA.0000000000000716 PMID: 24824415

10. Fudickar A, Hörle K, Bein B. The effect of the WHOSurgical Safety Checklist on complication rate and
communication. Dtsch Arztebl Int 2012; 109(42): 695–701. doi: 10.3238/arztebl.2012.0695 PMID:
23264813

11. Rydenfält C, Johansson G, Odenrick P, Akerman K, Larsson PA. Compliance with theWHO Surgical
Safety Checklist: deviations and possible improvements. Int J Qual in Health Care 2013; 25(2): 182–
197.

12. Russ S, Rout S, Sevdalis N, Moorthy K, Darzi A, Vincent C. Do safety checklists improve teamwork and
communication in the operating room? A systematic review. Annals of Surgery 2014; 58(6):859–871.

13. Conley DM, Singer SJ, Edmondson L, Berry WR, Gawande AA: Effective surgical safety checklist
implementation. J Am Coll Surg 2011; 212: 873–879. doi: 10.1016/j.jamcollsurg.2011.01.052 PMID:
21398154

14. Dixon-Woods M, Leslie M, Tarrant C, Bion J: Explaining Matching Michigan: an ethnographic study of a
patient safety program. Implementation Science 2013; 8: 70. doi: 10.1186/1748-5908-8-70 PMID:
23786847

15. Hill MR, Roberts MJ, Alderson ML, Gale TCE. Safety culture and the 5 steps to safer surgery: an inter-
vention study. British J Anaesthesia 2015;1–5. doi: 10.1093/bja/aev063

16. Cullati S, Licker MJ, Francis P, Degiorgi A, Bezzola P, Courvoisier DS, et al. Implementation of the sur-
gical safety checklist in Switzerland and perceptions of its benefits: cross-sectional survey. PLoS ONE
2014; 9(7):e101915. doi: 10.1371/journal.pone.0101915 PMID: 25036453

17. Russ SJ, Rout S, Caris J, Moorthy K, Mayer E, Darzi A, et al. TheWHO surgical safety checklist: survey
of patients’ view. BMJ Qual Saf 2014; 0:1–8. doi: 10.1136/bmjqs-2013-002772

18. Sendlhofer G, Kober B, Leitgeb K. director. The SSC; 2015. Available: https://www.youtube.com/
watch?v=ERJO6p5DyH4

19. Burns KEA, Duffett M, Kho ME, Meade MO, Adhikari NKJ, Sinuff T, et al. A guide for the design and
conduct of self-administered surveys of clinicians. Can Med J 2008; 179(3): 245–252. doi: 10.1503/
cmaj.080372

20. Bliss LA, Ross-Richardson CB, Sanzari LJ, Shapiro DS, Lukianoff AE, Bernstein BA. Thirty-day out-
comes support implementation of a surgical safety checklist. J Am Coll Surg 2012; 215(6): 766–776.
doi: 10.1016/j.jamcollsurg.2012.07.015 PMID: 22951032

21. Pugel AE, Simianu VV, Flum DR, Dellinger EP. Use of the surgical safety checklist to improve commu-
nication and reduce complications. J Infect Public Health 2015; doi: 10.1016/j.jiph.2015.01.001

22. Sendlhofer G, Kamolz LP. Get in touch with safety in health. Safety in Health 2015; 1:1 doi: 10.1186/
2056-5917-1-1

23. Anthes E. The trouble with checklists: an easy method that promised to save lives in hospitals world-
wide may not be so simple after all. Nature 2015; 523: 516–518.

24. Russ SJ, Sevdalis N, Moorthy K, Mayer EK, Rout S, Caris J, et al. A qualitative evaluation of the barriers
and facilitators toward implementation of theWHO surgical safety checklist across hospitals in
England: lessons from the “surgical checklist implementation project”. Annals of Surgery 2015; 261
(1):81–91. doi: 10.1097/SLA.0000000000000793 PMID: 25072435

25. Rakoff D, Akella K, Guruvegowda Ch, Chhajwani S, Seshadari S, Sola S. Imporved compliance and
comprehension of a surgical safety checklist with customized versus standard training: a randomized
trial. J Patient Safety 2015.

Surgical Safety Checklist Use

PLOS ONE | DOI:10.1371/journal.pone.0149212 February 29, 2016 11 / 11

http://dx.doi.org/10.1097/SLA.0000000000000716
http://www.ncbi.nlm.nih.gov/pubmed/24824415
http://dx.doi.org/10.3238/arztebl.2012.0695
http://www.ncbi.nlm.nih.gov/pubmed/23264813
http://dx.doi.org/10.1016/j.jamcollsurg.2011.01.052
http://www.ncbi.nlm.nih.gov/pubmed/21398154
http://dx.doi.org/10.1186/1748-5908-8-70
http://www.ncbi.nlm.nih.gov/pubmed/23786847
http://dx.doi.org/10.1093/bja/aev063
http://dx.doi.org/10.1371/journal.pone.0101915
http://www.ncbi.nlm.nih.gov/pubmed/25036453
http://dx.doi.org/10.1136/bmjqs-2013-002772
https://www.youtube.com/watch?v=ERJO6p5DyH4
https://www.youtube.com/watch?v=ERJO6p5DyH4
http://dx.doi.org/10.1503/cmaj.080372
http://dx.doi.org/10.1503/cmaj.080372
http://dx.doi.org/10.1016/j.jamcollsurg.2012.07.015
http://www.ncbi.nlm.nih.gov/pubmed/22951032
http://dx.doi.org/10.1016/j.jiph.2015.01.001
http://dx.doi.org/10.1186/2056-5917-1-1
http://dx.doi.org/10.1186/2056-5917-1-1
http://dx.doi.org/10.1097/SLA.0000000000000793
http://www.ncbi.nlm.nih.gov/pubmed/25072435

