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Abstract

Introduction: Despite increased focus on patient safety, complication rates in
hospitals have remained unchanged with reports ranging between one out of twenty
patients and one out of four patients, often related to surgery. However, half of the
complications may be prevented throughout the surgical pathway. To inform and
study effects of targeted patient safety interventions requires patient outcome data of
high accuracy. Introduction of the World Health Organization surgical safety

checklists (WHO SSC) has been reported to increase safety, also in our hospital.

Aims: The overall objective for the study was to investigate effects of using safety
checklists on patient outcomes in medicine. Further, to evaluate effects of adding a
validated Norwegian version of the pre- and postoperative parts of the SURPASS
checklists in combination with the established WHO SSC on emergency reoperations,
30-day unplanned readmissions, 30-day mortality and length of hospital stay, in

addition to verified in-hospital complications using a reliable and validated method.

Methods: In the first study, we conducted a systematic literature search in Cochrane
Library, MEDLINE, EMBASE and Web of Science on effects on patient outcomes of
using safety checklists in medicine. Following the PRISMA guidelines ensured
transparency of reporting. The studies were eligible if they quantitatively reported

possible effects of using safety checklists.

In the second study, validation of a Norwegian version of the pre- and postoperative
SURPASS checklists in combination with the established WHO SSC was performed
in one neurosurgical department. Adaptation and validation of the new checklists
were in accordance to guidelines from the WHO included forth- and back translation,
testing the content in clinical practice, focus groups, expert panels, and final approval

of the checklists.

The third study used a prospective observational design to investigate complications

in surgical admissions using two different methods. Utilising the Global Trigger Tool
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(GTT) and the International Classification of Diseases 10" version (ICD-10)
identified and verified in-hospital complications in the same admissions with GTT
appointed as the reference standard. Tests were performed to investigate strength of

method agreement of estimating complications.

In the fourth study, the validated pre- and postoperative SURPASS checklists were
implemented as an add-on to the established WHO SSC using a Stepped Wedge
Cluster Controlled Trial (SWCCT) design in three surgical clusters, each serving as
their own controls (neurosurgery, orthopaedics and gynaecology) in one hospital. One
separate department in the intervention hospital and two external hospitals without
new checklists constituted parallel controls. Effects on verified in-hospital
complications, emergency reoperations, 30-day readmissions, 30-day mortality and
length of hospital stay were investigated over 29 months from November 2012

through March 2015.

Results: Thirty-four studies met the inclusion criteria of the systematic review of the
literature showing improvements in four groups of patient outcomes: morbidity and
mortality; adherence to guidelines; human factors; and adverse events. None of the

included studies reported on checklist use resulting in decreased patient safety (Study

D.

Translation of the pre- and postoperative SURPASS checklists in combination with
the WHO SSC was completed and reached face validity. Testing of the content was
performed for 29 neurosurgical procedures with all checklist users (ward nurse and
physicians, surgeons, anaesthesiologists, operating theatre nurses, post-anaesthetic
care unit nurses, and discharging physicians and nurses). Focus groups revealed that
wording needed to be adapted to clinical practice and that checklist items challenged
existing workflow. The expert panels scored content validity to > 80 %. All the steps
involved adjustments to the checklist content. The final back translated SURPASS

checklist version was approved by the Dutch copyright holder (Study II).



In 700 random surgical admissions complications were identified in 30.3 % (298/700)
using the GTT method. Extracted ICD-10 codes indicating a complication yielded a
rate of 47.4 % (332/700) in the same admissions. However, when excluding ICD-10
codes representing conditions present on admission, in-hospital complications were
verified for 20.1 % (141/700) of the admissions. After the verification procedure,
agreement of complications between findings using both methods increased from

68.3 % to 83.3 % (Study III).

The fourth study compared 3,892 before and 5,117 procedures after the pre- and
postoperative SURPASS checklists implementation in intervention clusters. In
addition, investigations of 9,678 surgical procedures in parallel control hospitals were
performed. Crude analysis of in-hospital complications showed an increase of
complications from 14.7 % to 16.5 % (p=0.025). However, in-hospital complications
decreased in adjusted intention to treat analyses (Odds Ratio (OR): 0.73; 95%
Confidence Interval (CI): 0.54 to 0.98; p = 0.035). Logistic regression on effects of
the SURPASS checklists, show a significant decrease in in-hospital complications
(OR: 0.70; 95% CI: 0.50 to 0.98; p = 0.036) and emergency reoperations (OR: 0.42;
95% CI: 0.23 to 0.76; p = 0.004) with full compliance to the preoperative SURPASS
checklist in adjusted analysis. With obtained full compliance to the postoperative
SURPASS checklists 30-day readmissions were decreased (OR: 0.32; 95% CI: 0.16
to 0.64; p=0.001) in adjusted analysis. Thirty-day mortality and length of hospital
stay remained unchanged. For parallel control hospitals, the in-hospital complications
increased, whereas emergency reoperations, 30-day readmissions and 30-day

mortality were unchanged.

Conclusions The systematic review of the literature concluded that use of safety
checklists may have positive impact on patient outcomes as more clinicians adhere to
standardised guidelines and procedures; improve human factors; and reduce adverse
events, morbidity and mortality. We need more studies with strong study designs
investigating effects of checklists used throughout the surgical pathway. The first

Norwegian version of the pre- and postoperative SURPASS checklists in combination
xi



with the already established WHO SSC was validated following guidelines on
translation and adaptation from the WHO. Using ICD-10 codes to monitor
complications increased accuracy significantly when codes indicating complications
were verified to have emerged in-hospital. Full compliance with the pre- and
postoperative SURPASS checklists were associated with reduced in-hospital
complications, emergency reoperations and 30-day readmissions when added to the

already established intraoperative WHO SSC.
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1. INTRODUCTION

1.1 Background

Surgical procedures may be lifesaving and hinder disabilities . However, compared
to general wards, surgery has been more prone to patient harm % 3. Half of all surgical
complications have been estimated to be preventable 2. However, adverse events rates
remain unchanged despite strong efforts % * 3. Complications have been reported with
a prevalence of 6-25 % %®. Though, in order to rely on patient safety outcome
measures, we need reliable and validated methods to ensure accurate estimates on
large scale data. Whether the International Classification of Diseases, 10" version
(ICD-10) codes reflect accurate measures on in-hospital complications, also when

compared to record review methods, remains to be investigated.

A call for systematic changes in health care * has led to development of several
instruments to increase patient safety. The World Health Organization (WHO)
launched the “Safe Surgery Saves Lives” campaign !, which was followed by the
development of the WHO Surgical Safety Checklist (WHO SSC) for use in operating
theatres °. Early single studies on checklists’ effects on patient outcomes show
variable results 13, thus to perform a systematic review of the literature of safety

checklists’ effects on patient outcomes would gain new knowledge.

Incidents that harm surgical patients may result from communication breakdowns
leading to loss of critical information in care transitions throughout the surgical
pathway %13, To date, only one systematic checklist approach to cover the total
surgical patient pathway with evidence of effects on outcomes exists: the Dutch
SURgical PAtient SAfety System (SURPASS) '®. The original SURPASS reported a
decrease in overall morbidity (from 27.3 % to 16.7%, p<0.001) and mortality (from
1.5% to 0.8, p= 0.003) '°. Further, an Indian SURPASS study reported a reduction in
complications from 66.6% to 51.1%, p=0.024 '”. However, thousands of hospitals



worldwide have implemented the perioperative WHO SSC '® for use in the operating
theatre (OT) including our health region, the Western Norway Regional Health
Authority. Here patient outcomes improved significantly with WHO SSC usage, with
a decrease in complications from 19.9 % to 11.5 %, p<0.001, and reduction of mean

length of stay by 0.8 days °.

A broader understanding of effects of using safety checklists on patient morbidity is
needed, and in particular, to investigate if there is more to gain with implementation
of validated pre- and postoperative SURPASS checklists in combination with the
already established WHO SSC.

1.2 Definitions

1.2.1 Patient safety

The WHO defines patient safety as “the prevention of errors and adverse effects to
patients associated with health care” *°. The Norwegian Knowledge Centre for
Health Services has defined patient safety as “a process where no patients should
experience preventable harm, or risk of being harmed, as a result of provided or
omitted health care *'. Patient safety may also be defined as “a discipline in the
health care sector that applies safety science methods toward the goal of achieving a
trustworthy system of health care delivery’*>. Regardless of definitions it is also
important to acknowledge that understanding of patient safety changes with increased
knowledge on what is deemed preventable 2. In 2004, the WHO launched a global
initiative programme, called “World Alliance for Patient Safety” encouraging
worldwide monitoring and studies investigating adverse events 2*. Improving patient
safety systematically could imply identifying causes and risk factors to adverse
events related to technology, equipment, procedures and human factors and build
barriers (like safety checklists) to prevent errors from happening. This approach is

often called a Safety I approach 2°. A model to analyse causes of accident was



developed by Reason (The Swiss Cheese Model). The model visualised a trajectory
of a latent risk factor through several layers leading to an adverse event 2. The model
has been widely adopted to analyse risk-factors and risk management in healthcare,

also by using safety checklists as instruments to lower risk and improve patient safety

27

The Safety I approach is also widely adopted in aviation and nuclear industry 2. The
concept of Safety I is used as an overriding framework throughout this thesis. In
supplement to the traditional Safety I approach, a Safety II approach seeks to
understand and learn from mechanisms of how things usually go right 8. The Safety
IT approach studies variability, resilience and personnel behaviour. As such, this is

not a subject in our studies reported here.

1.2.2 Medical error

Medical error is defined as “an act of omission or commission in planning or
execution that contributes or could contribute to an unintended result” *°. Medical
errors are often divided in two: “Errors of omission occur as a result of actions not
taken, while errors of commission occur as a result of the wrong action taken” °.

However, not all errors are followed by patient complications. Still, learning from

errors and near misses may increase patient safety.

1.2.3 Adverse events and patient harm

Not all medical errors result in patient harm *. The Institute for Healthcare
Improvement defined adverse events (AEs) as extensions of harm from drug
administration to cause “unintended physical injury resulting from or contributed to
by medical care that requires additional monitoring, treatment or hospitalization, or
that results in death” 3'. Traditionally, this definition is utilised when using the

Global Trigger Tool (GTT) (see 1.3 and 3.6.1 below) to classify presence and



severity of a complication resulting from delivery of active care 32. In this thesis,

adverse events is defined as “any incident that leads to patient harm” %.

1.2.4 Medical complication

A medical complication is defined as an incident with adverse outcome: “an
unintended and undesired occurrence in the healthcare process, which causes harm
to the patient**. A complication may also be defined as “a disease or injury that
develops during the treatment of a pre-existing disorder. The complication frequently

alters the prognosis” 3. In this thesis, adverse events and complications are utilised

interchangeably and refer to an incidence harming the patient.

1.2.5 Safety checklist

Historically, safety checklists were developed in aviation to increase safety, and to
aid human memory in high-risk situations *¢. Following this, high-reliability
organisations such as nuclear power stations, oil industries, engineering and military,
and later, also medicine, have all established their own safety checklists. Checklists
may have different functions and purposes. Whereas some are a list of to-do things,
like following a protocol, others are used to verify that everything is prepared for or
performed *7. Two largely similar definitions are often used in medicine: “A checklist
is typically a list of action items or criteria arranged in a systematic manner,
allowing the user to record the presence/absence of the individual items listed to
ensure that all are considered or completed” 37. A safety checklist can also be defined
“as an additional tool designed to ensure that an operation, procedure, or task is
performed as planned by checking that all of the important preparations have been

completed beforehand” %.



1.3 Quality of data on complications

To make improvements when learning from errors in health care, we need data of
high quality, also to ensure accurate recommendations to improve patient safety.
Investigating accuracy and validity of the data sources requires sound methods to
investigate large datasets *°. There is no agreement as to methodological standards on
how to measure complications *°, and both prospective and retrospective study
designs may be used. Prospective methods may include observational ' and
ethnographic designs ** or mandatory incident reporting systems **. The Clavien-
Dindo tool classifying complications may be used both prospectively and in
retrospect 4. Retrospective review methods for medical records are well established
and regarded as thorough, and present reliable results and high scores on validity *°.
The most frequently used medical record review methods are the Harvard medical
practice method and the GTT #. The Norwegian Directorate for Health requires all
hospitals to report on complications using the GTT method #°. GTT has been
recognised to disclose as much as ten times more complications and have high
sensitivity and specificity compared to voluntary reporting systems 7. The GTT
method is regarded as comprehensive, and was developed for internal monitoring to
improve patient safety 3!. Large-scale studies designed to compare in-hospital
complications may benefit from using less labour-intensive methods, such as
extracting system-level administrative data. The World Health Organisation (WHO)
provides a disease classification system, the International Classification of Diseases
10" version (ICD-10) *%. In Norway it is mandatory to classify diseases in all
specialist patient consultations by using the ICD-10 system and report to the
National Patient Registry #°. ICD-10 codes are also used to identify a wide range of
complications, setting the ground for electronic extraction in large studies '> . In the
Nordic countries, population based registries, with data based on personal
identification numbers, open up possibilities of longitudinal investigations, linking

data from different sources >!: 32,



1.4 Safety checklists in medicine and surgery

Safety checklists in medicine may increase standardisation, and promote health care
personnel to follow established protocols and guidelines 3. One early checklist
intervention study showed that more health care providers followed established
guidelines to reduce catheter related bloodstream infection when having used a
checklist 3. The study was based on results from one ICU, then replicated and
confirmed in 108 ICUs *°. Structured team briefings facilitated by a checklist were
reported to increase teamwork and decrease misunderstandings due to suboptimal
communication *°. In 2008, the WHO initiated the WHO SSC by identifying a simple
set of surgical safety standards summarised in a checklist for use in operating theatres
globally !. At the same time, the SURPASS checklist system was developed and
validated in the Netherlands, with standardised checklists covering safety risks at
transition points throughout the surgical patient pathway, from admission to
discharge . Customised safety checklists have increased patient safety in other fields

of medicine, such as interventional radiology %, and emergency department medicine
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1.5 The WHO SSC

The WHO SSC was developed for global use to increase patient safety and avoid
adverse events by improving teamwork and communication in the operating theatre '.
The WHO SSC is divided in three parts, the first (sign in) performed before induction
of anaesthesia, the second (time out), before skin incision, and the third (sign out),
before the patient leaves the operating theatre ° (Appendices 8.1). The sign in part
involves confirmation on patient identity, marking the operative site, known allergies,
any risk for high blood loss or difficult airways and necessary medication and
equipment prepared for. The time-out part requires introduction of all team members,
new confirmation of patient identity, surgical procedure and site, antibiotic

prophylaxis, and individual patient, procedural and equipment information to share



with the team, display of imaging results. The sign-out part involves naming the
actual procedure performed, counting equipment used, labelling of specimens and
key concerns for recovery. The first study to show effects of implementing the WHO
SSC included eight hospitals in eight countries worldwide from both developing and
industrialised countries '°. The study reported a reduction of morbidity (11.0% to
7.0%, P<0.001) and mortality (1.5% to 0.8%, P=0.003) with use of the WHO SSC.
As in several other nations, the WHO SSC is compulsory to use in all Norwegian
operating theatres. Checklist compliance is monitored by the Norwegian Directorate
of Health . The WHO SSC has become the most frequently safety checklist reported
on, and introduction of the WHO SSC has also been studied nation-wide with
multiple hospitals included, or on national levels ®'. The WHO SSC was associated
with reduced mortality in a 7-day prevalence study of 426 hospitals in 28 European
countries %2. Several systematic reviews on effects of complying with the WHO SSC

63.64 or reductions in both complications and deaths 3%

suggest reduced complications
61,6568 Optimal use of the WHO SSC may increase teamwork and communication,
but may impair teamwork if the team members do not use the checklist as intended ¢°.
Some question if any effects registered may result from a general increased standard
of care, rather than the use of checklists per se °'. Others raise concerns as to
suboptimal study designs, lack of longitudinal reported effects and a risk of

publication bias with emphasis on positive effects only 7% 7!,

1.6 The SURPASS checklists

Development of the Dutch SURPASS checklists started with a systematic review of
investigations on hospital adverse events and their frequencies, distributions and
preventability 7. The review pointed at surgery as the medical area with the most
frequent rates of adverse events, with all surgical transfer-points in need of
improvement to increase safety. A first edition of the SURPASS checklists was
validated by comparing theoretical safety risk factors in the literature to observed

clinical safety risk factors 3’. The checklists were introduced in gastrointestinal,



vascular and orthopaedic surgical procedures, followed by comprehensive interviews
of checklist users with content adjustments before final adaptation: The contents of
the checklist should mirror established protocols to be completed before patient
transfers to the next step in surgical care. The SURPASS checklist system follows the
complete surgical patient pathway: pre- intra- and postoperatively. The individualised
checklists customized for each profession should be completed by the personnel
directly involved in planning, preparing and/or performing the specific surgical
procedures. The check should be performed by the personnel in charge of the
designated assignment as a last task in preparation for the next step in the patient’s

pathway.

Implementing the SURPASS checklists in 3760 patients from six Dutch hospitals
reduced complications per 100 patients from 27.3 % to 16.7%, P<0.001. In-hospital
mortality was reduced from 1.5% to 0.8%, P=0.003. In the study period, the
complication and mortality rates remained unchanged in five control hospitals not
having used the checklists '¢. The original SURPASS checklist content was published
with the effect-results !°. Further investigations on the preventive effects of using the
SURPASS checklist were conducted 72. The first 1000 completed checklists with
added checklist-user information on procedures or tasks that had been solved as a
consequence of using the SURPASS checklists were analysed: The intercepted
incidents had occurred throughout the surgical pathway (54.8% preoperative, 14.2%
intra-operative and 31.0% postoperative) 72. In another sub-study, increased
adherence to a protocol of antibiotic administration improved timeliness of

appropriate antibiotic prophylaxis 73.



1.7 Updated systematic literature review of effects of using
checklists in surgery

We first searched the literature (conducted 25" May, 2012) to systematically describe
effects of implementing safety checklists in medicine (Study I). To gain updated
knowledge for the present thesis, a new systematic search confined to the field of
surgery only, with reports on possible effects of using safety checklists was
conducted anew (15" November, 2018). Both searches were done in collaboration
with a librarian from the University of Bergen. Databases included in the updated

search were MEDLINE (PubMed), EMBASE and Cochrane (reviews and trials).

The reference software system EndNote X9 (Clarivate Analytics,

https://endnote.com) facilitated management of the literature reviewed. A full search

string is provided in Appendices 8.2.

Included in the updated search were full text articles, abstracts, letters, editorials,
original articles, reviews and systematic reviews. Identified were 3,828 publications,
and after exclusion of duplicates, 2,932 titles were screened. No extra hand search of

literature was conducted.

From the screened titles 22 publications were identified as reviews, systematic
reviews and/ or meta-analysis, one of these being our own previous review (Study I).
Nine review studies reported on effects on teamwork, communication and handover
38,64,67,69,74-78 three reviews assessed adherence to protocols and guidelines 3% 770,
four reviews reported on effects on joint understandings of care goals, safety attitudes

or culture 2738777 11 reviews studied effects on complications and mortality 3% 6163

67.71,76,77.80.81 " one review assessed effects on unplanned reoperations %3, whereas six
reviews summarised effects of checklist on perspectives on implementation or
complexity of implementation (including barriers and facilitations) 64 76:7°-82-84 Three
reviews included studies which reported effects of unplanned readmissions to hospital

677184 Very few of the systematic reviews investigated effects of checklists on



length of hospital stay (LOS), 3*7!. Since the reviews summarise findings from

original studies, they were not further included in the present systematic review.

Thus, further inclusion provided studies to be original (excluding reviews, or
systematic reviews), the checklist intervention should be described as the only new
intervention, and reports should be on quantitative outcome effects. The majority of
the titles did not fulfil the inclusion criteria. However, 249 abstracts from original
studies were reviewed, and 117 publications met our inclusion criteria. These
publications reported on a wide range of effects of using checklists in surgery,
including both “softer” outcomes (human factors), such as communication, adherence
to protocols and guidelines, team performance, joint understanding of care goals,
safety attitudes and “hard” patient outcome measures, i.e. complications, mortality,
unplanned reoperations, hospital readmissions, and LOS. However, for the objectives
to be in line with our own present studies in Study III and IV, we narrowed studies to
be included in this updated systematic review to those with “hard” outcomes only.
Following thorough full text reviews of the 117 publications, 40 studies were
included in the final analyses, with quantitative outcomes reported, i.e. complications,

mortality, emergency reoperations, hospital readmissions and LOS.

10
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Figure 1: PRISMA flow chart of the search strategy to an updated systematic review

on effects of using safety checklists in surgery °.

The 40 studies included in this review were published from 2009 to 2019. An
overview of the included studies’ first authors, study country, year of publication,
setting, study participants, type of checklist intervention, study design, outcome

measures reported and main results are presented in table 1.
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One study presented effects of checklists for patients to use themselves %, while 39
studies assessed effects of implementing checklists conducted by health care
personnel. The WHO SSC, which is to be completed by the operating theatre
personnel, was the object for 31 of the studies. SURPASS is the only system of
checklists on all transfer points throughout the surgical pathway having been
investigated, with two studies having reported effects on patient outcomes '®'7. On-
site developed checklists were studied in seven studies, and in a large Canadian study

Urbach and colleagues measured effects of three different checklists ®7.

Thirty-two of the studies were conducted in high-income countries. However, studies
have also been performed in developing countries such as Pakistan, Iran, India,
Uganda and Moldova and two studies included mixed high-income and resource
limited hospitals. Whereas 27 studies were carried out in a single hospital, seven
studies were conducted in settings with two to eight hospitals, and six studies

involved multi-centres (11 to 116 hospitals) %871,

One study used a cross sectional design °2, but most commonly prospective or
retrospective pre/post study designs were used. Two studies were designed as cohort
studies '3, Six studies collected data over longer time periods, from 16 months to
nine years, both retrospectively and prospectively. One study on effects of the WHO
SSC used a Stepped wedge cluster controlled Randomised Controlled Trial study
design . One study used a parallel group design with randomisation to either

checklist intervention or a control group without checklists *.

Favourable patient outcomes were associated with the use of WHO SSC in several

10, 19, 92, 94-104 10, 11, 62, 88, 94, 102, 105, 106
b

studies with reductions in complications , mortality

10, 19, 99, 107

unplanned reoperations , and unplanned readmissions ! %% 198 1,08 198 105,

106 while other studies reported no significant changes after introduction of the WHO

89,93, 106, 109-114 19, 89,91, 93, 95, 97-101, 110-112
b

SSC as to complications

88, 89,92,97,98,101, 111 , readmission 88, 105’ or LOS 93,94, 98, 109.

, mortality

reoperations
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Use of on-site developed checklists were reported to reduce complications 5117,

mortality !'® and unplanned readmissions *. Nevertheless, there were also such

90,119

studies reporting no change in complications or mortality °°.

Compliance to the SURPASS checklists was associated with reduced complications
16.17 'mortality and reoperations '® in Dutch hospital settings. However, use of
SURPASS did not result in change number of reoperations or mortality !7 in the

Indian setting.

Complication data was reported in different ways. In total, four studies, one from
Australia, one from Canada and two from Norway, extracted data using ICD codes '*
89,104,106 Some studies reported to use high quality extracted data on complications

90, 112,113 or a national database '°. Majority of the studies provided

from registries
information on how the complication data reached high quality. Others have reported
to extract complication data revealing information on how the data was quality
checked %% 19117 whereas there was also a report of data extraction without
information on quality checking of complication data !'°. There were also other

studies without reporting of how the quality of complication data was ensured °> %> %,

In conclusion, more studies on patient safety effects of validated checklists
throughout the surgical pathway using strong study designs is warranted, with

emphasis on thorough descriptions of complication data.
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2. OBJECTIVES

The overall objective for the thesis was to investigate effects of using safety
checklists on patient outcomes in medicine, and to evaluate effects of adding a
validated Norwegian version of the pre- and postoperative parts of the SURPASS
checklists to be used together with the established WHO SSC, as to emergency
reoperations, 30-day unplanned readmissions, 30-day mortality, LOS, when also

having verified in-hospital complications using a reliable and validated method.

More specifically, the aims of the study were
Paper I — To review the medical literature on any effects of safety checklists in

medicine.

Paper II — To translate and validate the SURPASS’ five preoperative and three
postoperative checklists in combination with the already established Sign In, Time

Out and Sign Out parts of the WHO SSC for use in Norwegian surgical care.

Paper III — To investigate the accuracy of verifying ICD-10-coded complications
compared to the GTT as a reference standard, by conducting a concurrent validation

of ICD-10-coded complications in surgical admissions.

Paper IV — To investigate clinical efficacy of combined SURPASS and WHO
checklist use in surgical patient pathways on emergency reoperations, 30-day
unplanned readmissions, 30-day mortality, LOS, and verified in-hospital

complications using a Stepped Wedge Cluster Controlled Trial design.
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3. Material and methods

3.1 Study design

Study I was designed as a systematic review of the literature to investigate
publications reporting any effects of using safety checklists in medicine. The
systematic review was an evaluation of an intervention in healthcare and transparency
of reporting was based on the Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) guidelines .

Study II was a validation study of the pre- and post-operative SURPASS checklists in
combination with the already established WHO SSC performed in one department.
Both quantitative and qualitative methods were used to test the feasibility of tailoring

the content and implementing the checklists in the full-scale study (Study IV).

Study III used a prospective observational study design to investigate validity and
reliability of using ICD-10 codes to identify and verify in-hospital complications

compared to the GTT as a reference standard.

Study IV, is a study using the Stepped Wedge Cluster Controlled Trial (SWCCT)
design when implementing the checklists in predefined surgical clusters/ departments.
The study assessed effects of adding the pre- and postoperative SURPASS checklists
to the already established team-based WHO SSC on emergency reoperations, 30-day
unplanned readmissions, 30-day mortality, LOS, and verified in-hospital

complications.

3.2 Ethics

The Study followed recommendations from the Helsinki declaration '?°. Prior to
study start, ethical approval was obtained from the Western Norway Regional Ethical
Research Committee (2012/560/REK West) and the data privacy unit at Health Trust

Forde (Ephorte: 2012/3060) and Health Trust Fonna, Haugesund (Ephorte:
22



2015/2384-1). The studies presented in this thesis were considered to potentially
bring benefit to all kind of surgical patients. Thus, patients of all ages and also any
without the capability to actively give an informed consent were included. The ethical
approval considering the society’s interests and the participants’ integrity were
deemed fulfilled (Section /8 and 35 in the Norwegian Law on Health Research -

“Helseforskningsloven”).

Following ethical approval, the patients (or a legally authorised patient
representative) in the intervention clusters received written information on the study.
The information was in lay Norwegian language and explained the kind of data to be
collected, the aim, voluntary participation, confidentiality, data-handling, and that the
participant could refrain from data sharing with the research projects without any
consequences for provided healthcare. For patients constituting controls, with no new
checklists, data were routinely collected from the hospitals administrative electronic

systems.

The protocol for the studies was registered in ClinicalTrials.com, NCT01872195
prior to study start.

Descriptions of rationale for modification of the original protocol are provided in

Appendices 8.3.
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3.3 Settings, sample and participants

Study I was an electronic search of healthcare databases MEDLINE; Cochrane
Library, Web of Science and EMBASE, and included all medical settings.

In Study II, the first Norwegian version of the pre- and postoperative SURPASS
checklists was validated in 29 neurosurgical procedures at Haukeland University
Hospital (HUH) in Western Norway. Included were neurosurgical personnel using
the checklists, involving ward doctors and nurses, neurosurgeons, anaesthesiologists,
operating theatre nurses and Post Anaesthetic Care Unit (PACU) nurses covering

eight individual SURPASS checklists.

Study III used information from surgical admissions at HUH (neurosurgery,
orthopaedics, gynaecology and thoracic surgery) and Health Trust Ferde (general
surgery, vascular surgery, gastroenterology, urology). The study sample contained
700 surgical admissions, which were randomly selected from 12,966 surgical

procedures.

Study IV involved 18,687 surgical procedures and was carried out in surgical
departments in three hospitals: HUH (neurosurgery, orthopaedics, gynaecology and
thoracic surgery), Health Trust Forde (general surgery, vascular surgery,
gastroenterology, and urology) and Health Trust Fonna, Haugesund (general surgery,
vascular surgery, orthopaedics, ear/nose/throat surgery, and urology). The surgical
procedures representing the study samples were collected before and after the
checklist intervention, and completed after 29 months, with surgical procedures
included in three trial clusters (neurosurgery, orthopaedics, and gynaecology at
HUH). In order to compare study outcome changes over the same period, data from
thoracic surgery (HUH), and surgical procedures at Health Trust Ferde and Health

Trust Fonna with care as usual, were collected to serve as a parallel control group.

HUH is a tertiary university hospital serving 1.1 million inhabitants, Health Trust
Forde and Health Trust Fonna, Haugesund are central community hospitals serving
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110.000 and 180.000 inhabitants, respectively. Geographically, all three hospitals are
in the Western part of Norway and included in the Western Regional Norwegian

Health Authorities.

3.4 Inclusion and exclusion criteria

Whereas Study I was confined to effects of checklists in all fields of medicine, Study
II involved surgical personnel, Study III investigated surgical admissions, and Study
IV encompassed surgical procedures. For Study I, II and IV, safety checklists

developed to increase patient outcomes were the instruments being investigated. The

different studies have distinct inclusion and exclusion criteria:

Study I: The inclusion criteria were studies investigating any effects of utilising
safety checklists, handover protocols and daily goals sheets, perceptions of using
checklists, reporting on quantitative effect outcomes, without restrictions to study

design, time or language.

Study II: Eligible elective neurosurgical procedures performed during three weeks in
June/July 2012 at the neurosurgical department at HUH were included. All the
included personnel used the new SURPASS checklists during the pilot-period.

Study III: Patients from 18 years of age with performed surgery implying a hospital
admission lasting 24 hours or longer were eligible for inclusion. The admissions were

randomly selected from Study IV’s population from HUH and Health Trust Ferde.

Study IV: Emergency and planned operative in-hospital procedures performed within
the predefined departments at HUH, Health Trust Ferde and Health Trust Fonna,
Haugesund were included from November 2012 through March 2015. There were no

restrictions to age, duration of surgery or length of hospital admission.
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Generally in Study II-1V, patients as donors, radiological procedures, gamma-knife
surgery, extracorporeal membrane oxygenation (ECMO) procedures, day case

surgery, and patients declining participation were excluded.

Figure 2. Flowchart for procedures included in Study IV

Procedures enrolled

Fonna n= 5.957 . .
—— Declined to participate n=30
Farde n= 1.391
Bergen n= 11.703
Total n= 19.081 Excluded:
| Na insition time n= 87
Quality check Donor procedure n= 20
Verification of ICD-10codes  |=* Days_urgery n= 4
n=19.051 Duplicate records n= 55
ECMO duringadmission n= 57
Emergency fast track procedures n= 11
Radiological procedure n= 4
Complication code notincluded n=_19
Total n= 247
e
=== | Checklists used in baseline period n=24
checklist compliance Checklists used in pilat period n=93

Availableforanalysis

N=18.687
[ |

Baseline Intervention Parallel control

n=3.892 n=>5117 n=9.678
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3.5 Methods

3.5.1 Outcome measures
Study I: All kind of outcomes measures reported as effects of using safety checklists

using quantitative methods.

Study II: The tailored checklist items were outcome measures reflecting local safety

risk factors.

Study III: The outcome measures were in-hospital complications using two

established detection methods to identify and verify intra-hospital complications.

Study IV: The primary outcome measures were in-hospital complications, emergency
reoperations, unplanned 30-day readmissions, 30-day mortality. A secondary

outcome measure was length of hospital stay.

3.5.2 Ensuring transparency

Study I used the PRISMA statement following its 27-item checklist to ensure
transparency of reporting the findings systematically ®°. This checklist guided the
systematic search, quality assessment and structured targets to report on, e.g.
participants, interventions, comparison, outcomes and study design (PICOS), follow-

up period, study size and sites.

Study II followed recommended WHO guidelines with six recommended steps when
translating and adapting the pre- and postoperative SURPASS checklists in
combination with the WHO SSC to enhance and ensure the validation process '2!.
The process (see Figure 3) contained forward language translation by an external
professional translation-company, followed by the study group ensuring correct
clinical terminology of the translated version. The next steps involved testing the
contents in clinical practice, followed by focus group interviews. Eight focus study
groups involving all the groups of checklist users (surgeons, anaesthesiologists, ward
27



physicians, ward nurses, operating theatre nurses, PACU nurses, discharging
physicians and discharging nurses). The focus groups captured the participants’
reflections regarding checklist items, fidelity and compliance. The checklist items
guided the interviews. Qualitative content analysis !*? was utilised to condense
meaning units, and to identify codes and categories to reflect the checklist users
perspective of content and using the checklist in clinical practice. Further, eight
expert panels with health care providers evaluated appropriateness and relevance of
the checklist content using a four-point content validity index (CVI) '23. All the steps,
until the last step, resulted in text modifications. Finally, the checklists were
translated back to Dutch for approval by the SURPASS developer at Amsterdam
Medical Centre, Amsterdam, the Netherlands.

29 . sfocus . 8
(neurosurgical | | group | [ expert
1 "\procedures/. \_interviews / ‘ . Ppanels /
' | Testing E ' '
Forward ocus Expert Back Approval of
2. . the . ) .
translation groups panels translation final version
content ‘ | | ] ] ]
Modify text 1 Adaptwording 1 CVl-scoring
3. to fit clinical 2 Modify text

practice

2 Checklistitems
challenge excisting
workflow

Figure 3. Validation steps of the Norwegian version of SURPASS.

1. Participants 2. The six validation steps 3. Findings.
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3.6 Assessment of Complications

Imperative when investigating accuracy of in-hospital patient complications is the
possibility to differentiate between complications already present on admission and
those having emerged during hospital stay. For instance, a pulmonary embolism can

both be an admission diagnosis and a complication during hospital stay.

In Study III, two nationally and internationally established methods to identify and
verify complications were utilised to test agreement and investigate accuracy of the
estimation of verified complications in the same surgical admissions. The GTT record
review method was used as a reference standard and compared to verified in-hospital
complications from electronically extracted ICD-10 complication codes for the same
hospital admissions. In Study IV, ten experts (5 surgeons, 3 anaesthesiologists, 1
nurse anaesthetist and 1 intensive care nurse) in the research team were involved in
verifying the ICD-10 codes. One group-educational lesson on how to use the

verification method including discussions on how to classify and reach consensus.

3.6.1 Global Trigger Tool - GTT

The GTT method is a retrospective medical record review instrument that uses 55
trigger words or clues that could indicate the occurrence of an adverse event (AE) 3!
Using the GTT method has demonstrated valid and reliable identification of AEs
compared to voluntary reporting systems or safety indicator reports *7-3°. Since 2011,
it has been mandatory to use the GTT method in all Norwegian hospitals with GTT
teams reviewing a small sample of randomly selected patient records biweekly .
Two nurses perform the review individually before consensus are carried out in
cooperation with a physician. The method allow a maximum of 20 minutes per record
review. With identification of a trigger word, the reviewer extends to verify if one or
more complications have occurred. When verified, the complication is classified

according to 23 complication categories *'. The method includes findings of AEs as a
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result of delivered care, while excluding omission of care. Severity of any verified
complications is scored on a five-point scale, from temporary, to prolonged

hospitalisation, permanent disability, life-supporting treatment and death.

3.6.2 ICD-10 codes indicating complications

The ICD-10 complication codes included in study III and IV were based on major
complications as classified by the American College of Surgeons in the “National
Surgical Quality Program” '?*. In addition, a broader range including minor
complications, as described in previous checklist studies were included '% 1619,
Altogether 154 and 155 (D62 Acute posthemorrhagic anaemia in addition) selected
ICD-10 codes were used to identify potential complications in Study III and IV
respectively. The electronic searches to identify ICD-10 codes indicating a
complication as registered in the discharge letters in patient records were constructed
to identify a three digit code (e.g. I50), without excluding any digits beyond three
(e.g. 150.1). Any code may represent a condition present at hospital admission.
However, any same code may indicate an in-hospital complication. To exemplify, 148
(Atrial fibrillation or atrial flutter) may have been present on admission or have
emerged during hospitalisation. Following a patient record review, the ICD-10 codes
verified to have emerged during hospitalisation, will in this thesis be referred to as
ICD-10 complication codes (Appendices 8.4). The validating methodology used in
Study 111, was also applied to verify all complications in Study I'V.

3.7 Intervention: The pre- and postoperative SURPASS
checklists in combination with WHO SSC

Since the WHO SSC, covering the intraoperative phase, was already established and
mandatory to use in Norway on a national basis *, it was deemed appropriate to add
the pre- and postoperative SURPASS checklists to evaluate any (additional) effects of
having checkpoints throughout the surgical patient pathway: A majority of adverse

events origin in the pre- and postoperative phases of surgical care '2°. Such
30



checkpoints could potentially reduce such AEs even more than just the intraoperative
WHO SSC alone.

The validation of the first Norwegian version of the pre-and postoperative SURPASS
checklists in combination with the WHO SSC was conducted in the neurosurgical
cluster. Experience from the validation process guided adaptation of the checklist
content to the next intervention clusters: orthopaedics and gynaecology.

The five single SURPASS checklists in the preoperative phase are each performed
individually by the ward physician, anaesthesiologist, surgeon, ward nurse and the
operating theatre nurse as a last individual check-up before transfer of information to
another care provider. The intraoperative phase has the team-based checklists,
covered by the WHO SSC, with verbal team-based performance, involving surgeon,
anaesthesiologist, nurse anaesthetist, and operating theatre nurse. The three single
postoperative SURPASS checklists are each performed individually: by a PACU
nurse before discharge from the PACU section; and then by the discharging physician
and nurse each before the patient leaves the hospital. Through this some procedures
are checked by more than one care provider (e.g. operation site marked by surgeon,
checked by ward nurse before transition to operating theatre, and then again checked
when using the intraoperative team-based checklists), others by only one person (e.g.
the urine bladder emptied before entering the operating theatre by the ward nurse).
Other checks to be completed are preoperative presence of instruments, laboratory
tests examined, cessation of anticoagulants, allergies registered, classification of
physical status — American Society of Anaesthesiologists (ASA) performed, cross
typing performed, preoperative nutritional screening, instructions on pre- and
postoperative medications, and information on normal recovery after discharge. The
Norwegian version of the SURPASS checklist contents were adapted to orthopaedic
and gynaecology procedures before being tested in all the involved personnel groups
(ward physician, surgeon, anaesthesiologist, ward nurse, operating theatre nurse,

PACU nurse and discharging doctors and nurses).
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3.8 Implementation of the SURPASS checklists

Four clinical heads of surgery were invited to participate. Out of these, three
consented to engage in the present study. The clinical heads made decisions to
participate in close agreement with their respective clinical managers of daily care.
The implementation strategy was thoroughly planned involving and educating both
clinical managers, and dedicated key personnel appointed by their managers for all
professions in each surgical specialty, using profession specific clinical teachers

throughout.

Before piloting the content in clinical practice, all the personnel groups in the three
intervention clusters (neurosurgery, orthopaedic and gynaecology) received lessons in
groups, at least once per profession. In addition, all ward physicians, junior
physicians and ward nurses were trained individually and comprehensively on how
to use their individual SURPASS checklist electronically (in our standard operation
planning program), since they were not familiar with electronic checklist usage.
Additionally, informative e-mails were distributed and posters were displayed at
visible places in the departments. When piloting the checklist contents, the surgical
personnel critically discussed concerns on contents and potential disruption of
existing workflow with the implementation team. Compliance rates were followed
closely and feedback was regularly displayed and discussed with managers and
checklist users. Personnel were requested to write down comments on contents,
practical obstacles and other barriers to high fidelity use in an assigned notebook.
Throughout the pilot-periods in all the three intervention clusters, study personnel
were visibly available and invited checklist users to discuss openly issues to be
adjusted. Some of the most enthusiastic checklist users were local champions, acting

as supervisors, facilitating the implementation process.

When the intervention clusters switched from control to intervention clusters, the
compliance rates were followed in close collaboration with the respective clinical
managers. The managers received compliance reports for all the personnel groups for

32



their specialty, which for some contributed to friendly competitions. All managers
were asked to declare their compliance goals, with these being transparent for the
other managers in the intervention clusters (departments). Different strategies of
involving their staff involved distributing the checklist compliance rates to their staff

by e-mails, wall posters, and discussed in monthly personnel meetings.

3.9 Data management and quality

Comprehensive extractions and quality checking of patient data from the hospitals
electronic patient record system (DIPS) were performed in close collaboration with
the Information Technology Support Unit of the Western Regional Norwegian Health
Authority.

Compliances to the WHO SSC were entered routinely in the electronic operating
planning systems (ORBIT/DIPS) by operating theatre nurses or anaesthetic care
nurses. In a transition period of 12 months, the new Norwegian SURPASS checklists
were available in both electronic and paper version in neurosurgery. For personnel
performing orthopaedics and gynaecological procedures, compliance with the
checklists was registered electronically, overall. The paper checklists used in the
intervention period were entered manually by a research assistant twice and merged
by a statistician to enable identification of mismatch of the two entering procedures.

Twenty-one mismatches were detected and corrected by the principle researcher.

The ICD-10 codes in Study III and IV had been routinely documented in electronic
patient records, usually at discharge, by physicians in charge of each patient. Trained
secretarial and clinical staff provided quality checks of discharged patients’ records

as per routine to complete coding at department levels.

The outcome measures were coded as bivariate variables with verified in-hospital

complications, emergency reoperation, 30-day hospital readmission or 30-day
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mortality entered as 1, whereas procedures verified without in-hospital complications,
emergency reoperation, 30-day hospital readmission or 30-day mortal outcome were

coded as zero.

Some hospital admissions required multiple surgical procedures. However, the ICD-
10 codes are classified per admission, and one code may only be present once per
admission. All patient outcomes and checklist compliances were linked to specific

surgical procedures (Study III and IV).

If an emergency reoperation was confirmed related to one of these procedures, the
procedure ahead of the reoperation was marked with the value 1 since the reoperation
was regarded as a complication resulting from the procedure ahead. If more than one
emergency reoperation was required per admission, only one (the first) was counted
per admission. Planned reoperations, such as second procedures after external
fixation of a fracture, surgical wound treatments due to primary infections or
decubitus as indications to first surgery, Vacuum Assisted Closure-treatments or
secondary closures of wounds were not considered to be unplanned, and coded as

Z€r0.

Information on mortality was retrieved from the National Registry which is
maintained by the Norwegian Taxation Administration 2, For patients with several
hospital admissions during the study period, 30-day-mortality (in-hospital or after
discharge) was counted from the first surgical procedure during the last hospital

admission.

3.10 Statistical data analysis

Continuous variables in all studies were presented as means with standard deviations
(SD) for normal distributed variables or medians with intra quartile range (IQR)
(Study III & IV) for non-normal distributed variables. To test the strength of

agreement between detection and verification of complications using two different
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methods we utilised Cohen’s Kappa (k) and weighted £ statistics (Study III and IV).
The Kappa statistics were used to determine standard values for agreement: <0.20
(poor), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (good) and 0.81-1.00 (very
good) '?”. Group comparisons (control clusters/intervention clusters) were performed
with Pearson’s exact test with Bonferroni corrections for binary variables or Gosset’s
t-test for continuous variables (Study IV). When determining the association between
the two methods to confirm complications in the same hospital admissions, we used
binary logistic regression (Study III). Sensitivity and specificity was calculated to
measure the ability to detect complications using both methods (GTT and ICD-10)
and reported with 95% confidence intervals (CI) (Study III). In Study IV, binary and
multivariate logistic regression was performed to study the effects on morbidity and
mortality of adding the pre- and postoperative SURPASS checklists to the WHO
SSC. Cox regression was used to evaluate effects of adding SURPASS checklists to
the WHO SSC on length of hospital stay (Study IV). Both binary- and multivariate
regression analysis are reported as odds ratios (ORs) and Cox regression as hazard

ratios (HRs) with 95% confidence intervals (95% CIs).

The statistical analyses were performed using the software SPSS version 24 for
Windows (IBM, Armonk, New York, USA) (Study III & IV). A Venn diagram was
drawn and weighted £ statistics were performed using Stata version 14.0 (StataCorp,
College Station, Texas, USA) (Study III). Power analyses were calculated utilising
the Sample Power 2 in SPSS version 24 (Study III & 1V). A two-tailed p-value of <

0.05 was regarded to be statistical significant.
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4. Summary of results

4.1 Study |

The search strategy identified 7408 studies using the predefined words. After
thorough review, the study group finally reached consensus of 34 studies being
included in the systematic review. Of the included studies, 11 were published before
2010, while 23 were from 2010 to 19" October 2012. The majority were from the
USA and countries in Europe (15 and 16, respectively), two from Canada and only
one from the Middle East; Iran. We identified four different categories of effects:
patient outcome (morbidity and mortality) as reported in seven studies, adherence to
guidelines reported in six studies, human factors (daily goals, communication,
information loss in transfer, safety awareness) as reported in 16 studies, and
reductions of adverse events related to instruments or equipment as reported in five
studies.. LOS was reported to decrease significantly in two studies and remained
unchanged in one study. However, some studies reported outcome measures without
any significant changes at all. The included studies were diverse as to study designs:
three randomised control trials; 20 prospective pre-post designs; three retrospective
pre-post designs; three prospective cohort studies; three post intervention studies; and
two longitudinal studies. None of the included studies reported on effects of using
checklists for longer than a year. The review disclosed a need for stronger study
designs like RCTs, Stepped Wedge Cluster RCTs, and longitudinal designs, to
establish robust evidence when investigating effects. There was only one concept of
safety checklists developed to follow surgical patients throughout the surgical
pathway having been validated and tested for effectiveness on patient outcomes; the

SURPASS checklists.
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4.2 Study Il

The translation of the checklist content involved both worded translation and
allocation of list items to different health care providers in accordance with
Norwegian standards, local work flow and task distributions. When testing the
content in clinical practice, the compliance rates ranged from 31% to 97%, with a
mean of 78% (180/232) for the different checklist users during the test-period. The
test revealed that some texts needed revision and some checkpoints needed
reallocation to other health care providers in order to follow established local
routines. Focus groups were conducted with groups representing each profession with
their own checklists. Findings were summarized in the categories: “Adapt the
wording to fit clinical practice” and “The checklist items challenge existing
workflow”. The expert panels suggested modifications and rewording of some items.
Relevance of the checklist items content using the Content Validity Item (CVI)-
scores ranged from 0.83-1.00 for the different checklists. The last step in the
validation process, after final modifications, was to back-translate the Norwegian
version of combined SURPASS and WHO SSC into Dutch. The back-translated
version was then approved for use in Norwegian surgical care by the SURPASS
copyright holder. The first Norwegian SURPASS checklists were validated to be used
in combination with the already established Norwegian version of WHO SSC. For

checklist content, see Appendices 8.5.

4.3 Study Il

Using the GTT method complications were found in 212/700 admissions, whereas the
ICD-10 method identified complication codes having been used in 332/700
admissions. However, only 141/700 of the registered ICD-10 complications were
verified as having emerged in-hospital. Agreement between the two methods of in-
hospital complications then increased from 68.3 % to 83.3 % when using the verified

ICD-10 complication codes. Further, when testing method sensitivity using the GTT
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method we found that there was also an identified complication when using extracted
ICD-10 codes with a mean of 0.52 (95% CI: 0.47 to 0. 57). Specificity identifying
discharges without GTT complications compared to admissions identified with no
complication using the ICD-10 method found a mean of 0.85 (95% CI: 0.81 to 0.89).
Having performed the verification process of excluding ICD-10 complication codes
present at admission we tested sensitivity of confirmed GTT complication with
verified in-hospital ICD-10 complications and found a mean sensitivity of 0.86 (95%
CI: 0.80 to 0.92), and there was a mean specificity 0.81 (95% CI: 0.78 to 0.84)

accordingly.

When comparing the methods (GTT and ICD-10), some complications were
classified only by one or the other method. The GTT method identified 94 admissions
as having a complication, without a corresponding verified ICD-10 complication
code. On the other hand, 23 admissions with verified ICD-10 complication codes

were not classified as having a complication using the GTT method.

4.4 Study IV

Surgical procedures constituted the main subject for investigation. In total, 18,687
surgical procedures were included as study samples, with 9,009 and 9,678 procedures
in the intervention trial clusters and control hospitals respectively. A total of 7,772
and 8,121 unique patients in trial clusters and control hospitals were included

respectively.

Ensuring the procedure of verifying in-hospital complications using the ICD-10
method (as validated in study I1I) Kappa agreement-tests in 30 surgical procedures
for each surgical cluster was conducted. The inter-rater agreements between the

methodological and surgical experts are shown in Figure 4.
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Figure 4. Level of agreement between surgical- and ICD-10 method experts, 30 procedures (Kappa: 0.0 - 1.0, 95% Confidence Interval)
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In total, 38% (7,094/18,687) of the surgical procedures were identified with an ICD-
10 code indicating a possible in-hospital complication. After verification of
complications to actually having emerged in-hospital, 15.7% (1418/9009) of the
surgical procedures in intervention clusters were found to be associated with one or
more in-hospital complications, compared to 20.6% (1993/9678) in control hospitals.
Investigating the distribution of complications before and after introducing the
SURPASS checklists in the intervention clusters revealed 14.7% (574/3892) before
and 16.5 % after (844/5117), in unadjusted analyses. An intention to treat analysis
showed a 14% increase in complications from baseline to intervention clusters in
unadjusted analysis, p = 0.024. However, when having adjusted for age, sex, ASA
classification, urgency of surgery, type of surgery, type of anaesthesia, time
(month/year) of operation and WHO SSC usage, the in-hospital complications
decreased (27% reduced odds; p = 0.035). When having used multiple regression to
test effects on complications and emergency reoperations of actual full compliance to
the five preoperative SURPASS checklists, a significant reduction was obtained for
both outcomes (30% reduced odds; p = 0.036, and 58% reduced odds; p = 0.004,

respectively) in adjusted analyses. In addition, there was a 68% reduced odds (p =
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0.001) for unplanned 30-day readmissions to hospital when the three postoperative
SURPASS checklists had all been fully completed. There were no changes in LOS or
30-day mortality.

In the same time-span, the control hospitals had a similar general increased rate of
complications, whereas emergency reoperations, unplanned 30-day readmissions and

30-day mortality were unchanged.
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5. Discussion

5.1 METHODOLOGICAL ISSUES

In order to rely on the findings of research, a study needs to be carefully designed and
provide the correct statistical tests in order to reach valid and reliable conclusions 28,
Validity is the degree of whether a study measures what it is supposed to measure ',
differentiating between internal and external validity. Internal validity is seeking to
establish a trustworthy connection between two variables and minimise other
explanations for the results, whereas external validity refers to the ability of
generalising findings to other settings '*°. Threats to validity could be both random
errors caused by imprecision, such as small sample sizes, or systematic errors, related
to bias and confounding factors 2. Reliability implies consistency and stability, and

refers to the likelihood of others to reach the same conclusions if the study is

replicated '%°.

5.1.1 Study design

Study I was a systematic review of literature, Study II was a validation of the
Norwegian pre- and postoperative SURPASS checklists to be used together with the
established WHO SSC using both quantitative and qualitative methods, Study III was
performed with a prospective observational design, and Study IV was a Stepped
Wedge Cluster Controlled Trial design.

The PRISMA statement *° guided the transparency of reporting the reviewed
literature systematically in Study 1. This implies a study protocol with predefined
research questions including criteria for inclusion and exclusion. The report disclosed
search strategy, flowchart, evaluation of quality, and summary of results. Our
intention was to produce a systematic review on effects of using safety checklists in
all fields of medicine and reveal research gaps, if any, to prepare for our future

studies (Study II, I1I, and IV).
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Study II, implied translation and validation of the original Dutch pre- and
postoperative SURPASS checklists into Norwegian 2!, The validation process was
prospective, following recommended steps to ensure linguistic precision and
consistency with the original instrument to avoid systematic measurement bias

130

resulting from the translation process '-°, in order to reflect safety issues throughout

the neurosurgical care pathway properly.

Study III was conducted using a prospective observational research design. The
surgical patient admissions investigated were randomly selected from two out of
three hospitals in the Study IV population. The design is favourable, being
inexpensive and simple, with all data collected following routines as reported by
clinicians in the electronic patient records for all admissions '*°. Since we intended to
investigate agreement between two methods used to identify patient complications
during hospitalisation, without investigating causality, an observational study design

seems appropriate '3!.

Study IV included implementation of the new SURPASS checklists using a SWCCT
design. This design was regarded as favourable for several reasons: Previous

19:132 enabling t allocation of

extensive checklist experience in the research team
checklist instructor-resources to one cluster at a time when implementing eight
different individual checklist users per surgical setting !*3; for ethical reasons, not
having to withdraw the checklists after having implemented them, as in a parallel
study design; and a possibility to adjust for secular time trends, which is not provided
for in a simple pre-and post-study design !**. Challenges using the design may be the
complexity of data extractions from several documentation systems with different
time-steps for each cluster and parallel cluster. However, apart from the new

intervention, all data were routinely documented and systems for computer

extractions were already established.

Due to time restrictions it was regarded unfeasible to randomise the different clusters,

locking up the timing for a switch from control to intervention periods. Still, not
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using a RCT design would increase risk of bias, and should be regarded as a

limitation 34,

However, inclusion of a parallel control group (control hospitals) following the same
outcome measures during the same time-period as the checklist clusters, was deemed
advantageous making it possible to evaluate concurrent secular trends affecting

results .

5.1.2 Validity

In Study I, we did a comprehensive search for relevant studies in databases without
limitations to language or time for publication, to avoid selection bias. To increase
internal validity two independent researchers were blinded to each other’s decisions
when determining inclusion or exclusion of the 7408 studies. Quality of the
individual studies was evaluated using a validated assessment instrument 7 to ensure
both internal (i.e. rigor of method) and external validity (i.e. population included,
checklist intervention and outcomes studied). Reporting on levels of evidence might
have strengthened the study, determining effectiveness of the presented findings 4.
However, this was not included in the quality assessment tool used to facilitate our
review %, and is therefore not provided. Reporting bias was reduced by using the

PRISMA guidelines throughout .

Study II followed recommended validation guidelines from the WHO to secure
external validity, ensure transparency and increase the possibility of replication !2!,
Face validity confirmed health care providers’ subjective perception that the
checklists covered the intended safety aspects in neurosurgery. The checklist content
validity index scores between 0.83 and 1.00 were regarded satisfactory 23, again
guiding adjustments to checklist items contents. In line with recommendations in the
WHO implementation manual '*°, we adjusted the content to fit each surgical

discipline’s work flow. Knowledge from the validation process performed in Study
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11, guided adjustments in later checklist contents for orthopaedic and gynaecology

procedures in Study IV.

In Study 111, statistical power calculations were performed to avoid random errors
caused by too few surgical admissions having been included, which would have
hampered representativeness 2. Using GTT method experts and clinical nurses and
physicians to classify ICD-10 complications with standardised methods and tests of
agreement were regarded a strength. Separating the ICD-10 complication codes
reflecting complications present on admission from the overall complication codes
registered decreased random error and increased accuracy of the remaining
complication codes as representing complications having emerged during hospital
stay. Sensitivity and specificity analyses are used to investigate concurrent validity by
comparing a chosen method to an already validated method 2. The sensitivity of
identifying complications when having used both methods on the same admissions
increased significantly from a mean of 0.52 to 0.86 after verifying the complications
as new during admission. In addition, specificity showing agreement on no
complications using both methods decreased slightly from 0.85 to 0.81. Thus, ICD-10
complication codes reach higher accuracy and validity when first having verified

such codes truly representing complications to have emerged in-hospital.

In Study IV, the clusters each contributed with patient data both before and after the
study intervention serving as their own controls, and thus minimising selection bias
133 Since single surgical procedures were subjects of investigation, it was unlikely
that any subject could have been in both control and intervention groups, hence
within cluster contamination was avoided '*. This strengthened the chance of
comparing homogeneous procedures. Contamination of study clusters caused by
information bias due to personnel working in several disciplines or
sections/departments was largely avoided: The operating theatres and surgical teams
were separately located with their own organizational units and specialised personnel

(neurosurgery, orthopaedic surgery, gynaecology and the parallel control departments
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including thoracic surgery, general surgery, vascular surgery, gastroenterology, and

urology, orthopaedics and ear/nose/throat surgery).

To strengthen internal validity and decrease information bias, healthcare providers
using checklists and patients were not informed on outcome measures. Also, the
physicians verifying ICD-10 complication codes were blinded to checklist-usage.
Collection of routine data from the hospitals administrative system reduced risk of
contaminating the intervention and outcome measures '*°. External validity was
strengthened by having joint method-training involving five surgeons and one
anaesthesiologist from their respective specialties (clusters) and testing agreement
with the method experts from Study III. Thus, verifying the in-hospital complications
was performed in close collaboration between the surgeons and the clinical

researchers.

Bias due to missing outcome data, and threats to both internal and external validity
was considered non-existent, since it only comprised missed ASA classification for
16 surgical procedures in the total population of 18.687 procedures. Statistical power
calculations were performed to strengthen external validity. The high quality of the
dataset ensured reliable variables, increasing accuracy and precision, and thus

decreasing chances of concluding outcomes based on systematic and random errors
128

5.1.3 Reliability
In Study I, following the PRISMA guidelines ° ensured reliability and transparency
throughout the review and reporting on the results enabling other researchers to use

the same search strategy, inclusion and exclusion criteria.

In Study II, WHO guidelines on how to translate and adapt instruments to new
settings were used '?!. The study included transparent description of the processes
involved in translation, testing the content in clinical practice, focus groups, panels of
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experts, back translation and final approval, and openly reporting detailed
adjustments to the checklist content, ensured reliability of the Norwegian version of

the SURPASS checklists.

In order to assess reliability of the extraction method of the ICD-10 complication
codes, used in Study III and IV, one hundred random patient records without any
complication codes were manually reviewed to find if there were complications
described and/or coded without the extraction procedures having been able to identify
them. There were no missing ICD 10-codes and the extraction procedures were

regarded as reliable.

Reliability in Study III was measured using Cohen’s Kappa (x) analysis '?’. In Study
111, classification was performed with a standard instrument using the hospitals’
established GTT expert teams, thus strengthening the reliability of the classifications
43, Tests on agreement were performed between two GTT teams, and three ICD-10
raters, and finally between the GTT and the ICD-10 methods both before and after
having verified in-hospital complications. Comparing different methods to test
agreement is an established approach #!-3%-137-138 ' A gystematic review of 25 patient
record review studies having used both the GTT method and the Harvard Medical
Practice Study to identify complications showed good reliability (x =0.65) *°. None of
the included studies reported on validity. However, in our Study III, validity and
reliability of identifying in-hospital complications were confirmed, thus ICD-10
codes may be utilised in large scale studies (in Norway) providing codes representing

complications having emerged in-hospital are reported separately.

Cohens Kappa tests were repeated in Study IV to measure agreement on having
verified complications as having emerged in-hospital. Altogether 10 raters classified
complications. Involving too many raters may threaten consistency and reliability of
verifying in-hospital complications '*°. However, studies using only one rater have
also shown discrepancies when the rater is introduced to exactly the same situation

more than once ', We did not perform test-retests on agreement (Study III and IV).
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This may be regarded as a limitation '?°. Still, the interrater reliability test results
were revealed among the raters and thoroughly discussed in plenum until a consensus

on classification was reached.

Using a study design with control hospitals increased reliability of our study results,
since we were able to investigate changes of outcome measures in another population

in the same time period.

5.2 DISCUSSION OF RESULTS

5.2.1 Systematic review of effects of safety checklists in medicine
Study I found that safety checklists increased patient safety by reduction of
complications, mortality and increased use of guidelines and protocols, in addition to
have a positive impact on human factors. Effects on LOS were reported with variable
results, associated with checklists. Positive effects on patient outcomes of using
safety checklists has also been reported in other reviews 27> 61, 63-67.69. 74,76, 77,80 Gy dy
I identified few studies using RCT- or longitudinal designs. Other reviews also raise a
call for more robust study designs to test effect of checklist interventions 63 6% 67.70. 71,
88 None of the studies identified in Study I utilised designs with a possibility to adjust
for secular trends, which may confound results. A SWCCT/ or a stepped wedge
cluster controlled RCT design may adjust for time trends, and may be advantageous
in health care settings involving continuous advancements and change '*. During the
last five years, two large studies with a longitudinal °*-°! and one with a pre-post-
design ¥ have shown weak or no effects of checklist use. However, a recent
longitudinal Scottish study including 12,667,926 hospital admissions attributed a
significant 36.6 % relative reduction of mortality to use of the WHO SSC !,
Although implementation processes were not main objects in our study, our review
points to challenges of implementing checklists in clinical practice. Other reviews

also address the complexities of implementing checklists 7% 8134, Both Study I and the

recent updated literature review found that the SURPASS checklists were the only
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system with validated safety checklists throughout the surgical pathway: To our

knowledge, this is still the case.

5.2.2 Validating the pre- and postoperative SURPASS checklists in
combination with the WHO SSC

The WHO SSC was well established in the operating theatres before commencing the
present PhD study. When aiming to increase patient safety, the comprehensive pre-
and postoperative SURPASS checklists were identified as the only validated system
with published effects on patient outcomes and deemed feasible to complement the

existing WHO SSC.

Forward translation of the SURPASS checklists followed by text adjustments and
attributing checkpoints to the responsible healthcare provider in the local context
were accomplished by using the recent WHO’s guideline on translating and
adaptation of instruments from one language to another '2!. When testing the
checklist contents in clinical practice, all health care providers were sufficiently
compliant with checklist use except the operating theatre nurses, probably due to
practical problems and misunderstandings when using a paper-checklist. This was
considered a limitation. Also, a low compliance rate would have been disclosed

earlier with electronic checklist use.

Eight focus groups, one for each individual SURPASS checklist user/profession were
conducted. Having more than one focus group per profession might have revealed
more information '*2. However, the focus groups were one out of six steps in the
validation process. Thus, findings from the focus groups guided further adjustments
to the checklist content. Scoring of checklist content relevance indicated good content
validity (range 0.83 to 1.00) for the eight expert panels 3. Still, some of the checklist
items received a low score. This feedback provided valuable information on

modifying the content.
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A limitation of using expert panels may be that feedback is based on subjective views
of the panel experts '*4. Seven or more raters are advised upon to prevent over
emphasising results from single raters '*°, However, here six experts in each panel
(except for the operating theatre nurses) for this complex construct reached a high
content validity score, which may have gained representativeness 43, Altogether, we
regarded this as sufficient due to acceptable scoring results. Using a native Dutch
person, with excellent English language skills, and years of experience as an
anaesthesiologist in Norwegian hospitals was considered a major strength in the back
translation process, in accordance with the WHO guidelines '?!. This reduced any
translation flaws due to unfamiliarity and insensitivity with nuances in the language
in surgical settings '46. Final approval of the checklist content from the original
developer was the last step in the validation process and important to ensure the

meaning and intent of the original Dutch SURPASS checklists 4.

Although having instructed the personnel that the checklists should be validated in
order to become the first general Norwegian SURPASS versions, involving only
personnel providing neurosurgical procedures, may be regarded a limitation.
However, development and validation of the original SURPASS checklists were
performed with gastroenterology, vascular and orthopaedic procedures in one hospital
in the Netherlands *’. The Norwegian version of the SURPASS checklists in
combination with the WHO SSC was found reliable and valid. Experience from the
validation process in Study II was regarded valuable for adapting the checklist

content to new settings in study I'V.

5.2.3 Accuracy of ICD-10 complication codes

Generally, in order to study effects on outcomes (errors or survival) from any
checklist use, outcomes must somehow be registered and counted. Most studies take
use of already registered diagnostic and procedure coding for various medical or

administrative purposes. Such coding was never intended to be used in quality
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improvement, and neither to describe complications in sufficient details. Hence using
these extracted codes “unfiltered” introduces a large bias in studies reporting on
various complications as outcome measures. Many methods could theoretically be
used to overcome this, but most would require an enormous parallel registration with
impact on available resources. Since GTT has been used extensively to document
complications during hospital stay 7*it was a deemed useful to conduct a comparative
study between ICD-10 coding and GTT use. To our knowledge there are few
comparable publications having done this. In our study, we found that using extracted
ICD-10 codes overestimated the number of in-hospital complications by 55 per cent
when compared to using verified in-hospital codes only. After manually verifying
ICD-10 codes not present at admission, there was a significantly increased agreement
between ICD-codes and GTT investigation in identifying complications. Monitoring
complications using ICD-10 complication codes without verifying and separating out
complications as having emerged in-hospital, may inform inaccurately. This could
further lead to implementation of interventions with limited ability to actually
improve in-hospital patient safety 3. Hence, ICD-10 complication codes may be used
to register in-hospital complications, providing a verification procedure is done
(Study III). Again, this method was used for accurate in-hospital complication

measures in Study V.

Even if our study used one of the largest samples of ICD-10 codes for complications,
we still have found missing codes, like D62 Acute Postoperative Haemorrhage that
should have been included. This may explain that some of the GTT complications
registered were not picked up by the ICD-10 method, and could possibly have

increased classification agreement between the two methods.

Overall, we had a moderate agreement between the GTT and the ICD-10 methods
after the verification procedure. Study III shows that 94/212 (44.3 %) (GTT) and
23/141 (16.3 %) (ICD-10 codes) complications were not classified with both
methods. There are also generic differences in what describes a complication when

using the two methods. The GTT classifier (in the expert team) takes the patient view,
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hence, if the patient experiences an undesired condition it may be evaluated as a
complication. The ICD-10 classifier (discharging physician) takes the viewpoint of
the care provider and may have other classification criteria than GTT in similar

situations not qualifying for an ICD-10 code.

On the other hand, the GTT method does not include errors of omission, whereas this

may be reflected in an ICD-10 code.

Our study did not perform a grading of preventability, and this may be regarded as a
limitation 3!. Although such classification is subjective and complex, it may point to
relevant areas and inform on necessary adjustments to improve patient safety. Several
studies report using tools to classify preventability '47-'4°, Sweden and Finland include
preventability scoring when using the GTT method !*°. However, grades of
preventability may differ between surgical specialities and where in the surgical
pathway the complication originated '#’. Preventability grading may increase safety

awareness and foster a culture of safety learning, as reported by others .

5.2.4 Effects on patient outcome of adding the SURPASS
checklists to the WHO SSC

The WHO SSC has been implemented in thousands of hospitals worldwide %, and
WHO SSC use has resulted in reducing complications by 42% on average in the
present hospital '°. To our knowledge, there are no other studies who have further
added validated checklists for the total patient pathway (such as the SURPASS to the
WHO SSC) to evaluate possible additional patient benefits. We have demonstrated
reductions in in-hospital complications, emergency re-operations and 30-day
readmissions. Our study has several strengths, including use of validated SURPASS
checklists (in combination with the WHO SSC), facilitation of implementation and
analyses by using a prospective SWCCT design, use of external controls, and a

longitudinal data collection of 29-months.
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De Vries et al. (2010) showed effects from the SURPASS checklist system on
gastrointestinal, vascular, renal and endocrine surgical procedures '°. A small Indian
SURPASS study described effects in elective and emergency procedures, not
disclosing the surgical procedures included !”. Our study demonstrated effects of
adding the pre- and postoperative SURPASS checklists to the already established
WHO SSC in neurosurgical, orthopaedic and gynaecological procedures. The Dutch
and Norwegian studies have relatively comparable health care systems, whereas the

Indian study has a great diversity in health care facilities.

Our study showed that in-hospital complications decreased significantly, with full use
of the preoperative SURPASS checklists in a fully adjusted analysis, OR 0.70,
P=0.036, even with the WHO SSC already in place. This is in line with the original
Dutch SURPASS study by de Vries et al. (2010), reporting a total portion of patients
with one or more complications decreasing from 15.4 to 10.6 per 100 patients
(P<0.001) '6. The Indian SURPASS study by Mehta et al. 2018, also found a
decreased complication rate from 66.7 to 51.1 % (P=0.008) in elective cases and 77.2

to 67.5 % (P=0.024) for emergency cases !’

The effects of WHO SSC use on complications have been studied in numerous

studies (24 original studies included in the updated review (table 1, page 13).

Several systematic reviews report favourable reductions in complications from
checklist use 3% 6476, 77.80.81 ‘However, findings of no effects on complications in
some of the included studies were also reported, and therefore concluded on there

being variable results as to complication outcomes .

Four meta-analyses with syntheses on effects of checklist use on complications in
surgery concluded on significant reductions ®'- 6656 Borchard et al. (2012) had
included different surgical safety checklists. Bergs et al. (2014) and Gillespie et al.
(2014), concentrated on effects of WHO SSC use and had included the same four

studies, but with extra studies each, not captured by the other. In the largest meta-
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analysis so far, Abbot et al. (2018) also confirmed a protective effect on

complications from using the WHO SSC.

In our study, emergency reoperations were significantly reduced (OR 0.42, P=0.004)
when all the preoperative SURPASS checklists had been used, confirming de Vries et
al.’s (2010) findings of reductions in reoperations from 3.7 % to 2.5 %, P=0.005 '°.
The Indian SURPASS study did not find any changes in reoperations !7.

Our updated review (table 1, page 13) found several original studies reporting
reductions in reoperations with WHO SSC use ' 1987197 byt also studies reporting
no such effects 8% 9% 9799, 10L 111 A[] studies, except one '%7, reported on reoperations

as a sub-analysis, and not as a main outcome.

One meta-analysis included two original studies investigating effects on unplanned

reoperations, finding pooled results to be non-significant .

We found a reduction in unplanned readmissions within 30-days (OR 0.32, P=0.001)
with full compliance to the postoperative SURPASS checklists. The original Dutch
and the Indian SURPASS studies did not report on unplanned readmissions, so ours is
the first to investigate effects of SURPASS checklists use on this. While several

87,91, 98, 108

WHO SSC studies have shown a reduction in readmissions , other such

studies showed no such change 3% 195,

One study was designed to measure effects on readmissions only, from having used a
locally developed checklist for the patients to use ® and found a reduction of
readmission to hospital from 28% to 20%, p=0.04 in patients with ileostomy surgery.
To our knowledge, this is the only publication showing effects of using patient
checklists. Whether such checklists also may have an effect on other safety outcomes

still needs further investigation.

67,71,84 ;

Three systematic reviews included altogether four original studies on changes

in readmission rates. The original studies presented variable conclusions, two
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showing reductions in readmissions to hospital, and two without significant changes.

However, it was not possible to perform a synthesis of results due to heterogeneity.

In our study, we also investigated length of hospital stay (LOS). There was an
increased risk of being discharged earlier when comparing admissions throughout the
study period, but without association to SURPASS checklists compliance (5.8 to 5.6
days, p=0.425). Our National Government’s increased focus on early discharge from
hospital in the “Cooperation Reform” (“Samhandlings-reformen”) may have
influenced these findings. Neither de Vries et al. (2010) nor Mehta et al. (2018)
investigated effects of the SURPASS checklists on LOS.

WHO SSC use has been studied, both with findings of significant reductions '%87- 8

105,106 and no change in LOS after checklist introduction %3 %4 98109,

One review from de Jager et al. (2016), reported variable effects on LOS with WHO
SSC use. None of the identified meta-analyses reported on LOS.

Our study could not confirm that there was an association between compliance to
SURPASS checklists and reduced mortality. De Vries et al (2010), in their
conclusion, reported that using the SURPASS checklists was associated with a
decreased in-hospital mortality from 1.5 to 0.8, p=0.003 per 100 patients '°. Mehta et
al. (2018), found no change in mortality after SURPASS introduction 7.

WHO SSC use has been studied for effects on mortality with findings of significant

reductions in a great number of studies % '!: 62 88,94, 102,105,106, 141, 151 "G¢j]] several

other studies reported no such mortality effects of WHO SSC use %8789 91,93,95,97-100,

110-112

An Israeli cross-sectional study having included 380 patients before and 380 patients
after implementing the WHO SSC, showed an increase in mortality from 0.8% to
2.7%, p=0.049 °2. At the outset they describe a power analysis on how to detect post-

operative fever as a surrogate for mortality. The authors did not provide clear
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explanations to the increased mortality. Although these findings should not be
ignored, a stronger study design with power calculations to detect mortality seems to

be more appropriate.

Other studies reporting on effects of different kinds of checklists, reported no

associations to mortality with checklist use %% 101 118,

Five systematic reviews summarised that safety checklist use reduced mortality,
although having identified studies without such effects 3% 76:77:80.81 De Jager et al.
(2016) reported that the included studies were too heterogeneous to make effect
evaluations, concluding that more rigorous studies are needed to evaluate effects on

mortality 7.

In 2012 and 2014 two meta-analyses reported significant reductions on mortality
from checklist use ®>%. This was contrasted in 2014 in a separate meta-analysis with
a conclusion of no effects %, and then again contradicted in 2017 and 2018 with two

meta-analyses showing protective effects on mortality from checklist use ®!-¢7,

Reflections on issues regarding our findings from implementing the pre- and

postoperative SURPASS checklists:

- First, due to resources available, the pilot periods for the different clusters varied
from 3 weeks to 12 months. Spending time on building ownership and adaptations to
the new checklists and tailoring checklist content to all personnel groups (operating
theatre nurses, surgeons, anaesthesiologists, ward nurses and PACU nurses) involved
in each surgical specialty (neurosurgery, orthopaedics and gynaecology), is in line
with advices in the literature 152, Strong involvement from the implementation/
research team in the tailoring process ensured the original SURPASS checklist
content. Regular compliance reports were provided and discussed with department

managers.
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Indeed, implementation of a complex intervention in complex settings requires
appropriate and supportive implementation resources and thorough consideration of

time needed for implementation 133153,
- Second, actual and sustainable compliance to checklists.

Compliance rates in our study varied greatly. Compliance to checklist use was also a
major concern in de Vries et al.’s (2010) study with inclusion of 26% of the patients
in the post implementation group for their analysis (having required a median 80%

checklist compliance) '°.

For analysis in the present study, we included all full compliant checklists (all items
used) and analysed proportions of checklists used as to possible effects. However,
generally, low compliance rates may underestimate effects of the checklist

intervention and this must be taken into account.

Several studies have used aggregated data, without being able to link actual checklist
compliance to patient outcome. Our high quality dataset here strengthens the
reliability of our findings. However, although some of the managers here performed
local investigations on their own personnel’s attitudes towards completion of the new
SURPASS checklists, this was not facilitated on a systematic level for all personnel
groups. To get a better understanding of facilitators and barriers to checklist

compliance requires further studies.

Incentives or internal orders making compliance to checklists compulsory, may result
in sky-high compliance rates being reported, still without effects on patient safety to
show for 87-%°, We endorse strong involvement from top-level managers. Still,
sufficient implementation resources, education and follow-up on checklist fidelity are
emphasised '°>. However, high compliance rates per se do not necessarily mean

increased patient safety 136 157,

- Third, understanding of underlying processes.
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Complexity in health care is great, with systems prone to human performance
deficiencies. Safety checklists may aid human memory and capacity to prevent

patient harm on a system level '3

. Our study provides detailed descriptions
specifying different outcomes likely to be influenced by compliance to different parts
of the SURPASS checklists. This is regarded as an enhancement compared to
previous SURPASS reports. Exactly which processes that may have been improved
by using the SURPASS checklists are not known. However, in a secondary follow up
analysis of compliance to the WHO SSC, more information as to care processes and
patient outcomes have been revealed '%. Here, there were increased use of forced air
warming blankets and more timeliness of antibiotic administrations, which in turn
could be linked to less blood transfusions and less surgical infections. Inclusion of

process measures to increase understanding of effects is recommended ' 154,

It may be difficult to study isolated effects of checklist use due to confounding
factors. Health care reforms focusing on increasing quality and hospital values have
shown to reduce readmission rates '*°. In Norway, national interventions to be
regarded as possible confounding factors may be the national Patient Safety
Campaign (2011-2013), and the Patient Safety Program (2014-2018) %, both
commenced within the time-frame of the study. Using the SWCCT design facilitated
the ability to statistically adjust for time of the year; hence, secular changes, such as
the national programs, were adjusted for statistically. In addition, every cluster acted

as their own control at different points of time in the stepped wedge design '¢°.
- Fourth, understanding actual effects.

There was an overall increase in complications during the study period, both in
intervention clusters and control hospitals. Intention to treat analysis showed
increased complications in unadjusted analyses. Analysing effects of preoperative
SURPASS checklist compliance on complications in unadjusted analyses did not
reveal significant changes, whereas, adjusted analyses showed a significant reduction

of complications. Since the pattern of increased complications was present also in the

57



control hospitals, this may reflect increased focus on coding practices '®!. Although,
we have not studied coding practices per se, clinicians and directors involved in our

study have confirmed an increased attention towards practice of coding.

Our study did not find changes in LOS or mortality associated with checklist
compliance. Whether LOSs for this particular patient population has reached a
potential minimum, without probability of further significant reductions, remains

unclear.

Several studies showing no mortality effects have not reported sample size power
calculations and/ or were underpowered to show possible effects 7> 8% 93,98, 100, 101, 110-
112 or had performed calculations on one primary outcome, but still reported on other

outcomes requiring larger sample sizes °> 7.

However, large scale studies also report no effects of checklist interventions. O’Leary
et al. (2016) reflected that a possible explanation of no change in their study was that
the population they investigated was quite healthy at the outset (children), or that
there might be a “ceiling effect” in populations with low baseline outcome measures
89 A recent sufficiently powered retrospective study by Haynes et al. (2017), reported
reductions in mortality related to WHO SSC compliance, but no effects on the rate of
reoperations %%. The study design did not make it possible to investigate underlying
processes to explain findings. However, the authors suggest that secular trends during
period of the study could have been a confounding factor. Due to the SWCCT design
of our study and use of logistic regression in our analyses, we were able to adjust for

such secular trends, and we regarded this as a strength to our study.

We had low rates of mortality in our intervention clusters, both before and after the
intervention. Mortality in high-risk surgery has been reported to decline over time 6.
If a “ceiling effect” on mortality had already been reached in this population is
unclear. However, surgical specialties with higher baseline mortality rates due to

more comorbidities, may have more to gain. This remains to be investigated.
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In general, depending on the outcome measure and population under investigation a

thorough planning of design and sample power calculations is advised.
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6. CONCLUSIONS AND IMPLICATIONS

6.1 Conclusions

Patient safety is strengthened with the use of safety checklists. Using
checklists in medicine facilitates better compliance to practice guidelines,
improves on human factors, such as understanding of daily goals,
communication, teamwork and information transfer, and reduces adverse
events, complications, and mortality. (Study I)

The first Norwegian version of the pre- and postoperative SURPASS
checklists were validated in combination with the already existing WHO SSC
following six steps as recommended in WHO guidelines. (Study II)

Using two methods to detect complications revealed more information than
one method alone. Comparing findings from the record review method GTT
with the ICD-10 complication code method disclosed a stronger complication
agreement when ICD-10 codes representing complications present on
admission were excluded. ICD-10 complication codes may present reliable,
valid and accurate complication measures to inform on in-hospital
complications, provided the codes are verified as reflecting complications
having emerged in-hospital. (Study I1I)

Patient safety improves even more when adding the pre- and postoperative
SURPASS checklists to the already established WHO SSC. Adjusted analyses
show that full compliance to the preoperative SUPRASS checklists decreased
in-hospital complications and emergency reoperations, and full compliance to
the post-operative SUPRASS checklists decreased unplanned 30-day
readmissions to hospital significantly. Full use of the pre- and postoperative
SURPASS checklists in combination with the already established WHO SSC

results in better on patient outcomes. (Study IV)

60



6.2 Implications for clinical practice

e We recommend the pre- and postoperative SURPASS checklists to be added
to the WHO SSC for all surgical specialties.

e The pre- and postoperative SURPASS checklists should be tailored to every
new setting (department, speciality) in order to increase involvement and sense
of ownership to the checklists implementation.

e Ensuring transfer of information from one care provider to the next is
imperative in surgery and requires close teamwork.

e Guidelines and protocols must be thoroughly implemented before introducing
a check-item to be completed on a checklist.

e When deciding on targeted patient safety interventions, concurrent use of the
GTT and verified ICD-10 complication codes may yield valuable information
targeting local and national patient safety interventions.

e Checklist systems may also be suitable for other than patients in surgery e.g. in
interventional radiology and medicine. The postoperative checklists, with
adaptations, may be of value to all hospitalised patients before discharge.

¢ Continuous focus on how to use the checklists correctly and updating the

content rigorously to prevent checklist burnout is necessary.
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6.3 Implications for further research

e Although use of the SURPASS checklists has been shown to significantly
increase patient safety, only three studies have investigated effects of
implementing the SURPASS checklists so far. We need more high quality
studies with strong study designs, proper sample size calculations, and
rigorous reporting to make replications possible.

e All studies on in-hospital complications using ICD-10 codes should use a
verification procedure for complications having emerged in-hospital.

e In-depth understanding of facilitators and barriers to SURASS checklist
compliance are warranted.

e Investigate underlying care processes to understand effects of the SURPASS

checklist.

¢ Investigate long-term sustainability and high fidelity of checklist compliance.

e Investigate degree of preventability of complications to tailor patient safety

instruments and checklists.

e Few studies have investigated effects of checklists on unplanned readmissions

to hospital, thus, more studies are needed.
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8. APPENDICES

8.1 Modified WHO SSC

Preparation
Before induction of anaesthesia

Time-out
Before starting the operation

Termination
Before the team leaves the operating room

Has the patient confirmed?
Identity
Operation site
Type of procedure

Is the operation site marked?
Yes
Not applicable

Has anaesthesia been checked and
medication controlled?
Yes

Does the patient have:

Known allergy?
Yes
No

Difficult airways / risk of aspiration?
Yes, and equipment/ assistance is available
No

Risk of >500 mL blood loss

(>7 mL/kg in children?)
Yes, and adequate intravenous access and
fluid is available
No

Risk of hypothermia?
Yes, and actions are planned or implemented
No

Are the required diagnostic images
available?

Yes

Not applicable

[The checklist is not comprehensive and it may be modified to fi

logt

Has everyone in the team been presented by name and
function?
Yes

The surgeon, anaesthesia professional and surgical nurse
have orally confirmed:

The patient’s name?

Planned procedure, operation site, and body side?

Is the patient correctly positioned?

Are any critical events expected?

Surgeon:
What is the expected blood loss?
Avre there any risk factors that the team should be aware of?
Is any special equipment or additional diagnostic procedure
needed?
What is the expected duration of the operation?

Anaesthesiologist and nurse:
What is the patient's ASA classification?
Are there any special risk factors related to anaesthesia that the
team should be aware of?

Surgical nurse:
Is instrument sterility confirmed (including indicators)?
Avre there challenges associated with use of the equipment?

The team reviews orally:
Which procedure has been performed?

Is the number of instruments, dressings/drapes
and needles correct (or not applicable)?

Are biological samples correctly labeled,
including the patient’s identity?

Have there been problems with the equipment
that should be reported?

What is important for postoperative treatment of
this patient?

Remarks/ findings:

Which procedure has been performed?:

Have prophylactic measures been taken against infections?
Not applicable
Antibiotic prophylaxis completed within the last 60 minutes?
Have measures been implemented to keep the patient warm?
Hair removal completed?
Blood sugar check completed?

Is thrombosis prophylaxis required?
Yes
No
fil practice. National Unit for Patient Safety, Draft 17 July 2009

Date, patient name and national identifying
number.
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The effects of safety checklists in medicine:

a systematic review
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'Department of Anaesthesia and Intensive Care, Haukeland University Hospital, Bergen, Norway and *Betanien University College, Bergen,
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Background: Safety checklists have become an established
safety tool in medicine. Despite studies showing decreased mor-
tality and complications, the effects and feasibility of checklists
have been questioned. This systematic review summarises the
medical literature aiming to show the effects of safety checklists
with a number of outcomes.

Methods: The Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) statement was used. All
studies in which safety checklists were used as an additional tool
designed to assure that an operation or task was performed as
planned were included.

Results: The initial search extracted 7408 hits. Twenty-nine
articles met the inclusion criteria. Five additional studies were
identified by a cross-referencing search. Four groups were made
according to outcome measures. One group (1 =7) had ‘hard’
outcome measures, such as mortality and morbidity. The
remaining studies, reporting ‘softer” process-related measures,
were divided into three categories: adherence to guidelines

(n=6), human factors (1 = 16), and reduction of adverse events
(n=5). The main findings were improved communication,
reduced adverse events, better adherence to standard operating
procedures, and reduced morbidity and mortality. None of the
included studies reported decreased patient safety or quality
after introducing safety checklists.

Conclusion: Safety checklists appear to be effective tools for
improving patient safety in various clinical settings by strength-
ening compliance with guidelines, improving human factors,
reducing the incidence of adverse events, and decreasing mor-
tality and morbidity. None of the included studies reported
negative effects on safety.

Accepted for publication 4 September 2013

© 2013 The Acta Anaesthesiologica Scandinavica Foundation.
Published by John Wiley & Sons Ltd

HE extreme complexity of modern medicine has

led to an increased risk of harming the patient.'
The incidence of such harm is quite variable;
however, 5-10% of hospitalised patients worldwide
are exposed to some form of adverse events.? In
retrospect, a substantial proportion of these inci-
dents have been judged to be preventable, owing
to potentially controllable contributing factors.>*
Reducing the incidence of adverse events involves
many stakeholders and requires a systemic
approach to patient safety issues.” Safety checklists
have been used for decades in other high-risk indus-
tries and have demonstrated to be effective tools in
ensuring safe operations.®”

The systematic use of safety checklists in medi-
cine has rapidly increased since the publication of
results from the World Health Organization (WHO)
Surgical Safety Checklist trials and the Surgical
Patient Safety System (SURPASS), which halved the
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post-operative mortality in eight hospitals world-
wide and in six hospitals in the Netherlands, respec-
tively.*” Despite these two major projects, there is
still scepticism towards safety checklist use in medi-
cine. The external validity of the results has also
been questioned.'*?

The purpose of this review was to summarise the
medical literature aiming to show the effects of
safety checklists with various outcomes.

Methods
Definitions
Safety checklists. There is no uniform definition
regarding what a safety checklist is in the medical
literature.” Safety checklists differ from protocols,

algorithms, and guidelines in that such tools often
describe a procedure in detail, more like a cake
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recipe.' In this review, we defined a safety checklist
as an additional tool designed to ensure that an
operation, procedure, or task is performed as
planned by checking that all of the important prepa-
rations have been completed beforehand.

Effects. All quantitative measures were included,
such as process-related events, adherence to best
practice or local protocols, incidence of communica-
tion errors, number of missing or malfunctioning
equipment, incidence of so-called risk-sensitive
events, timing of antibiotic prophylaxis, and patient
outcome measures, such as incidence of complica-
tions (including morbidity and mortality).

Inclusion and exclusion criteria
In addition to safety checklists, daily goals sheets,
round checklists, and handover protocols (if
designed as a safety checklist) were included. All
times and all languages were included. All studies
with quantitative outcome measures, regardless of
study design, were also included. Studies in which
the informants’ self-perceived experiences were
measured quantitatively and studies in which data
were obtained from questionnaires with quantita-
tive outcome measures were likewise included.
Studies in which the checklists introduced new
methods, procedures, or actions were excluded
because our aim was to evaluate the isolated effects
of safety checklists, not the possible effects of new
clinical measures. Case reports, editorials, letters,
commentaries, reviews, overviews, and conference
abstracts were also excluded. Furthermore, studies
were excluded if the intervention concurrently con-
sisted of a bundle of actions (e.g. ‘ventilator
bundles’) such that the sole effect of the safety
checklist could not be isolated, or if the study was
performed in a simulation setting. Titles containing
the word ‘checklist’ as used in ‘screening checklists’,
‘diagnostic checklists’, ‘development behaviour
checklist’, and ‘evaluation checklist’, as well as
studies containing the word ‘safety’ as used in
‘health workers own safety’, ‘radiation safety’, and
‘food safety’, were excluded. Titles that obviously
did not match the review’s aim were also excluded.

Search strategy
The reporting of the reviewed literature ensured
transparency, following the Preferred Reporting
Items for Systematic Review and Meta-Analysis
(PRISMA) statement.'®

We used relevant subject headings and text words
covering ‘checklists’, ‘safety’, ‘quality control’, ‘risk

6

management’, and ‘medical error’ adapted to the
different databases (the corresponding author can
be contacted for further information and search
strategy details). The search was performed in 25
May 2012 in MEDLINE (Ovid: 1946-present),
Cochrane Library (Reviews: 2005-present; Other
Reviews: 1994—present; Trials: 1898—present), Web
of Science [Science Citation Index Expanded (SCI-
EXPANDED): 1945—present; Social Sciences Citation
Index (SSCI): 1956—present; Arts & Humanities Cita-
tion Index (A&HCI): 1975-present] and Excerpta
Medica Database (EMBASE) (Ovid: 1980-present).
In EMBASE and MEDLINE, we limited the search to
humans. The search was developed by OT and AS,
and performed in cooperation with the Bergen Uni-
versity library.

An additional cross-referencing search was com-
pleted in 19 October 2012.

Study selection

Two of the authors (OT and AS) independently
screened all identified titles to include or exclude
each individual paper. If in doubt, the abstract was
retrieved. If still in doubt, the whole article was
reviewed. The full text articles were independently
reviewed, and disagreement regarding inclusion or
exclusion was resolved in consensus with all
authors.

Study quality

Based on the Meta-Analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines,
Quality of Reporting of Meta-analyses (QUORUM)
statement, and Consolidated Criteria for Reporting
Qualitative Research (COREQ) checklist, Nagpal
etal. have developed a set of quality assessment
criteria that were deemed suitable for the heteroge-
neity in design of the included articles."® Accord-
ingly, the studies were assessed using a three-point
ordinal scale from 0 to 2 (0 = criteria not met, 1 = cri-
teria partially met, 2 = criteria definitely met) for
nine items, adding to a maximum score of 18. The
quality assessment was performed independently
by OT and AS. Disagreement of >3 points was
resolved in consensus with all authors. Seven
studies were discussed to reach consensus.

Results

Search results

The initial search extracted 7408 hits after duplica-
tion check. Of these, 7294 titles and abstracts were
excluded; 114 received a full text review, of which 29



Studies identified by initial search

n=7T408

Exclusion based

on irrelevant title

or abstract
n="7294

Potentially full
text articles from

Potentially relevant full text
retrieved from main search

cross-referencing n=114
search
n-2 Exclusion based
— on full text review
n=_85

Studies finally Included studies from main

identified by search

cross-referencing n=29

search n=5

— |

Total studies included in the
systematic review
n=34

Fig. 1. Search strategy.

articles finally met the inclusion criteria. Twenty-
two additional studies were identified by a cross-
referencing search. OT and AS had different
opinions on the inclusion of six studies. A total of
five of these studies were included after all authors
reached a consensus. Therefore, a total of 34 articles
were included in the systematic review (Fig. 1).

To provide an overview of the variety of articles,
four categories were decided upon according to the
reported outcome measures. Group 1 (n=7) had
‘hard’ patient outcome measures, such as mortality
and complications. The remaining studies with
‘softer’ outcome measures were divided into three
categories: Group 2 (1 = 6), adherence to guidelines;
Group 3 (n=16), human factors; and Group 4
(n =5), reduction of adverse events.

Effects of safety checklists

All of the included studies reported increased
patient quality or safety after the implementation of
safety checklists.

In the patient outcome group (Table1), four
studies reported statistically significant reductions
in post-intervention mortality.>*'7'® Three of these
had used the WHO surgical safety checklist,*’*® one
had used the SURPASS checklist.’ Six studies in all
showed a significant decrease in post-operative
complications. 82171921

Effects of safety checklists in medicine

The other three groups, 27 (79%) of the included
studies, have ‘softer’ process-related measures. In
Table2, some examples were improvement in
compliance with antibiotic prophylaxis use*?*
timing of deep venous thrombosis prophylaxis,®
compliance with deep venous thrombosis prophy-
laxis guidelines,® and adherence to practice
guidelines”(Table 2).

The 16 studies in Table 3 had a variety of primary
and secondary outcome measures, such as improve-
ment in communication®** team performance,®
understanding of daily goals > information
flow,” ™ perception of safety,*"** and safety attitudes
and behaviours.*” The studies in Table 4 aimed to
identify or reduce the incidence of adverse
events. M

Type of checklist, setting, and date

Of the 34 studies included in this review, 11
reported on effects of the WHO Safe Surgery Check-
list, and three reported on effects of the SURPASS
checklist. Some of the WHO Safe Surgery Checklists
were locally adapted to be more suitable for each
study site. In addition, the effects of 20 locally devel-
oped safety checklists were identified.

Twenty-two (65%) of the included studies have
been performed in operating rooms (ORs). The
SURPASS checklist is the most overriding system,
covering a large part of the entire surgical pathway
(from the ward through the OR and post-operative
care, and back to the ward). Other checklists focus
mainly on specific tasks or procedures, such as the
pre-induction phase in anaesthesia or completeness
of equipment in laparoscopic surgery.

The included studies were published from 2003 to
2012. Twenty-three (68%) of the included studies
were published after the first publication of the
WHO Safe Surgery Checklist in The New England
Journal in 2009.

Study design

The included studies had a large variability in
design. In some of the studies, the design was not
specified in the article, but these were classified
based on the information given in the text. In other
studies, the authors of the articles classified the
same study designs differently. In these studies, AS
and OT reclassified the designs in order to present
the studies in a comparable format.

Discussion

The initial search yielded 7408 hits. This high
number was likely caused by the various definitions

7



. Thomassen et al.

"oljeJ SPPO ‘4O ‘[eAl8Ul 8UBPKUOD ‘| ‘@ouedIUbIS [BONISHIE]S ‘4 ‘HUN 81D BAISUsUl ‘N ‘woos Bupesado ‘HO

(86°0-€£°0

‘10 %S6 :G8°0 = onel Apmis zLoz
SPPO) ‘%582 01 %EL'E uonuanieuI-isod [exndsoy yong | SPUBHaUISN
wouy paonpal Apuesiiubls pue -aid 1SIpjPdYD uonuanidul-isod |G LL ayl
121940 sem Ajrepow [eydsoy-u X anpoedsoney  Alejes [eoifing OHM  uonuaAisiul-8id 298y L dO o VM 3] UeA
(k000 >d)
sjsipoayo Buisn uaym %zg'g
0} SOSED |0JjU0D [BILIO)SIY |endsoy ueouswy | 2102
10} %9°€Z Woiy paonpal Apnis 1sIpORYD |0JU0D [BOLIOISIY 602 vsn
81/21 91OM SJUBAS BSIOAPE |[BISAQ X Hoyoo annoadsold  Aleyes [ealbing OHM uonuanIdl €/ HO 02V1 sslig
Apmis [eydsoy ueiues| | L1102
(€0°0=d) %01 0} %6'22 uonuaniajui-isod 1SI98YD uonuanslul-isod 0G| uel|
81/El wou} suoneoldwod ul aulpeqg X pue -aid aapoadsold  A1ejeg [ealbing OHM uonuanidul-aid i | HO & IN uBLRYSY
“yleep J0o ‘wsijoquia
Areuownd ‘efeyliowaey
Jeunsajuionsed ul
ooualaylp ueolubis oN
(8000=d)
sAep Jorejpuan 0001 Jod 42°8
0} L2l woly ejuownaud Apnis |endsoy ueouswy | 0102
pajeloosse-Iole|uan uonuaniaul-isod 1sIpjoayd uonuanisuli-isod 025 vsn
8L/LL Ul 9sea109p v X X pue -aid aAnodadsoid spuno. Ayenp uonuaniul-aid /76 nol oM @sognQ
(1000 > =4) swened
001 Jed (6°LL 0} 9'G|
‘10 %S6) %L 9k 0} (L'82
01 6'S2 ‘10 %S6) %E L2
woJj paonpai suoleoldwod
Ire19AQ *(€00°0 =d) ('} 18I98Y0 sleydsoy [04u0d G 0L02
0} 2°0 ‘IO %S6) %80 0} (02 Apnis (SSvddns) suonuaaBul yoIng 9 SpueliayieN
0} 2'L ‘1D %G6) %S| Woly uonuanisul-isod walshg Alejes uonuanisul-isod ozge  Aemuyyed ayl
81/91  pasealosp Ayepow [eydsoy-uj X X pue -aid 8A)joadsold wenvd [eabdns uonuanaul-aid 09.€ [eolbing (N3 SeUA op
(L000>=d)
%L L1 O} %81
woJj paonpai suoleo)dwo) apImpliom
(29000 =d) Apris slepdsoy g ‘sauunod g 0log
%V L 0} %L'E WIO} uonuaAsjul-isod 1SIMo8YD uonusAssuI-isod 806 vsn
8l/LL  pesealosp Ajepow [endsoy-uj X X pue -aid aAoadsold  Aleyes [ealbing OHM uonuanial-aid Zy8 4O 91 Jesiopm
"(L00°0 >d) %0°L 0}
%0’ L1 Wouy |19} suonesldwod apImpliom
(€000=d) Apris sleydsoy g ‘saLunoo g 6002
%8°0 01 %G| wol} uonuenisjui-isod 1SIM98Y4D uonuansyul-isod GG6E vsn
81//L  pasealoap Ayjenow [eudsoy-u| X X pue -aid aAnoadsold  Alajes [ealbing OHM uonuaniayul-aid €8/ ¥T6) .9V seukeH
Jeap
2100s suoneoldwo)  Aurenop (1sIptoeyo Jo edAy) Anunon
Ayrenp s)nsal urep salnseaw swooINQ ubisep Apnis uonuaAIBlu| (sjuaned) syuedpiued Bumes Joyiny

SuoNeol|dwod pue Ajjepow :8wWodINo Jusled

‘suoljeo)dwod pue Ajjepow uo 1sioayd Alojes Jo syeyg

L2190



Effects of safety checklists in medicine

‘leAIBIUl 2USPIU0D ‘|0 ‘8ourdlIubIS [BOISIIEIS ‘4 ‘UOHEBIASP piepuels ‘gS ‘waishg Alojes usied [eoIBing ‘SSYJHNS ‘Hun 81ed aAisusiul ‘nND| ‘woos Bupelado ‘HO

(9¥0°0=d) saullepind (31LA) Apmis [endsoy ysybuz | 1102
%6°/6 01 %|"€6 WO} pasealoul wisI|oquiaoquIoIy} uonuansiul-}sod 1S9y Alejes uonuanisiu-isod /g pue|buz
81/6 saulepIinb 31 A 01 eoueldwo)  snouaa yum aoueldwo) pue -aid aAioadsold 1ea16inS OHM uonuanisiul-aid €62 4O 0zd UBInIL
sauljepinb juawieal) Apnis
(100>d) %9°/8 paldaooe 0} Buipioooe uonuanidul-}sod s|eydsoy ueipeue) ¢ 1102
0] %9°// WOJ} pasealou] uoisioul (dv) sixejAydoud pue -aid 1SIj98Y2 uonuanidul-isod €82 epeue)
81/91 0} Joud y | ulyum paisisiuiupe dy onoiquue jo Buiwi | aAloadsoliey Buyenq wea uonuanisyul-ald 65z HO 21 prebury
‘pawiopad alom sise}
[eonsnels oN “(dnoib jou0d auy (5dSH) sauleping [endsoy ysu| | 1102
10 %GG 'SA) HSJD 0} 8dUBIBYPE aonoeld [eo1bing |el} pa|jouod 1SIpjoayYd sjuaned |01jU0d €6 puejay|
81/9 paNqIux® %16 ‘dnodb isipiodyo ey uj pooy 0} sdusleypy pesiwopuey puno. piepy suened Apnis p¢ piep 1zd uolya
(w00=d) %L
0} %1"gL woly |8} uoisioul-jsod
[un 4y @A1edal jou pip jey}
sjuaned Jo JaquinN (£10°0 =d)
(6'1e=@as) uw 6’62 01 (1'2€ =aAs) Apnis
ulW 6'€g WOl pasealoul uopuansiul-}sod [endsoy yoinQ | 0Lozg
uoISIOoul pue uoNelisIulWpe (dv) sixejfydoud pue -aid 1SID98Yd uonuanidul-isod €0f SpuepayieN eyl
:1%4° dV usamieq [eAlsjul swi| ooiqiue jo Bulwi] anijoadsoliey SSvVddNns uonuansul-a1d 69€ dH0 2zN3 S8UA 8p
(L0 =d) skep (@o2)
1'G 0} sAep |'9 woly pasealosp 40D sAep Jsjayieo |esusd
(100°0>d) pue (1) Arewsjey
%GE 0] %9| WO} pasealoul asn |\ L 0} paliajsuel)
(10070 > o) swened |e jo ‘(Ld) Adessy) [eaisAyd
%2y 0} %/ WO} pasealoul esn 1d Jo asn (d.LAQ) Apmis [eydsoy ueouswy | 6002
(800 =d) sAep ' 0} sixe|Aydolid sisoquiosyy uonuaniaul-}sod uonuaniaul-}sod €69 vsn
gL/l sAep g'| woij paonpas 41AQ O} dwil snouaA desp o0} awi] pue -aid aAloadsold 1SIp19BY2 NI uonuanisul-aid gg9 nol O seuwAg
(1000 >d) %166 uolsioul alojeq y |
0} %G9 WOJ} pasealoul dy PaAiadal uiyum (dy) sixejfydoad Apnis |endsoy ueouawy | 8002
ey syuaned jo abejusolad onoiqnue Buiaieoal uofuanidiul-}sod 1sIpodYd uopnuanidiul-isod 61Le vsn
81/8 ay} ‘uolejuswa|dwl ISIYO8YD JayY sjuaned jo JaqunN  pue -aid aAnoadsoid no awi| uonuanisul-aid o HO Qv Biequesoy
Jeap
2100s (is1108Y0 Jo adAy) Aunop
Aurenp s)nsaJ urep sainseaw awooInNQ ubisep Apnis uonuaniaiu]  (syuened) sjuedpiyed  Bumes Joyiny

saulepIinB o} aousleypy

‘sauljepinb 0} 8oualaype uo Sisioayd A1ojes Jo s1ayg

¢aqrL



. Thomassen et al.

[endsoy

'S0 pebueyoun (1000 > d) ueoLBWY |
(g0=ag) Lv 01 (90=as) 0% (so) uonuaIel
wouy suelisAyd 1oy pue ‘(L00°0 >d) Keis jo yibug) Apnis -1sod /8¢
(9°0=as) ¥ 01 (8°0=as) pue sjeob areo uonuansul-isod uonuaniaul 8002
2’ wouy sasinu 1o} sjeob aseo yuaned yuened Ajrep pue -aud 199ys -a.d 611 vsn
81/91 jo Buipueisiapun paroidwi S8100S Ues|\ jo Buipueisiapun aAnoadsold s|eob Ajieq slaquiaw yeis nold oS lemieby
(S0°0>d)
$9°€ 0} L£'€ WOol} pasealoul
9100S UBBW ‘SIa)IOM Jels NDId dui [eydsoy
Buowe yiom wes) jo uondeosad Jeneg ueouBWY |
'SHIYS JUBIaHIP UO s8sInu uonuanal
U99M}aQ UoIEDIUNWWOD paAoiduwl Apnis -1sod gz
papodas sasinu jo 2,g/ ‘suelisAyd uofuanIBul ‘uonuaIalul 1002
puUB S8sINU UBaM}SQ UOIBOIUNWWOD uolEdIUNWWOD -1sod pue -aid 199yUs -a.d 9g vSn
81/cl panoidwi papodal sasinu Jo %G8 Jo uondadiad annoadsoid s|eob Ajreq sasInNN nold eI\ sddiyg
“(ueoyiubis jou) (6271 F 10
%G6) UIW $°6 0} (9'L F [D %G6)
ujw 8°'Q| WOoJ) paodnpal sem uolyeinp
Janopuey ueaw ay] "(jueoiiubis jou)
Janopuey Jad (55°0 F 1D %G6) L0'L
0} (P11 F 1O %S6) 60°Z Wolj peonpal
SUOISSIWO UONeWIO)Ul JO Jaquinu uesjy Janopuey [eudsoy ysijbu3 |
(L000>d) jo uoneinp Apris uonuaAIBul
Janopuey Jad (1270 F 1D %S56) G1'E O} ‘suolssiwo uonuaABjul |ooojoud -1sod /g NOl 0} 1002
(P2 L F1D %S6) 2P'S Woi) paseasosp uolew.ojul -)sod pue -aid Janopuey uonuanidyul-ald gg Janopuey puejbug
8L/LL S101J9 [BOIUYDS} JO JaquINu UBa|N ‘s10JJ8 [B21UYdD] anoadsoid [eoibins-1sod slanopueH fiebing "X ejodyojen
(200=4d)
skep g 0} °9 WoJy pasealoap SO
(L0°0 =d) sueioishyd
10} (8¥°0=aS) Lt 0} (060 = AS)
'€ Woly pue (£0°0 =4) sesinu
10} (£8°0=as) € 0} (£,80=0QS) 9°€
W0l pasealoul S8109S UONedIuNWWoD)
"(€0°0 =d) sueraisAyd 1oy (2€°0 = as) (som [endsoy
6% 01 (L9°0 =AS) 9t Wwoly pue Keys jo yibus) ueolawWy |
‘(L00°0 =d) sesinu 1o} (6€°0 = AS) ‘uoljedjuNWWod pequossp 9002
81 0} (20’1 = AS) 6 WOl pasealoul ‘aled Jo sjeob Apnis 199ys)Iom JoU slaquinN vSn
8L/0L s0109s s[eob Ajrep Buipuelsiepun Buipuelsiepun leuipnybuo] sjeob Ajieg sloquiaw Jeis NOl gl UByuiseseN
‘pawiopad
S]S9) [Bolshels ou ‘sisAjeue aniduosaqg
‘shep |lendsoy
1"} 0} skep g'g wouy pasesldsp SO (som) ueoLBWY |
'sasinu pue Aeys jo yibus) paquosap €002
S)uapISal Yo J0} %G6 O} %0 | WOolj ‘sjeob Ajlep Apnis poyoo wio} Jou sIaqWINN vsn
81/9 paseauoul sjeob Ajrep jo Buipuelsiepun Buipueisiepun aAoadsold s|eob Ajieq sloquiaw yeis nol 4od 1SOAOUOIH
(1s1poRY0 Jea)
2100s sainseawl jo adAy) (syuened) Aiunop
Ajend sjnsal uiepy awooIN0 ubisep Apnis uonuanIau| sjuedioied Bumes Joyiny

S10j0e} uBwWnH

'S10}0B} UBWINY UO S}SIoayd Ajajes Jo sjosyg

€919V

10



Effects of safety checklists in medicine

8L/01

8L/El

119443

8l/6

8l/cl

19043

8L/SL

(9200 =d)
HO 9y} Ul Siaquiswl Wesa} Jaylo Yim
Jeljiwey} 810w }d} %0S ‘UOIEIIUNWWOD
1epeq panigoiad Jels (e JO %9'69
*S|04}U0D
0] pasedwod dnoib uonuanidiul 8y}
ul (S0°0 > d) pasealoul os|e ainpasoid
ay} Jele mainal pue (1000 > d)
pasealoul ainpadold 8y} 810}8q
UOIJBUIPJOOD pUB UOHEDIUNWWOD
Wea} uo Sainseaw XIS JO Al

(€100 =d)
(95°0=as) L0¥ 0} (€9°'0=as)
16'€ WOI} 8I00S DYS UedW pasealou|
‘Jusiyed 8y} INOCE UOBWIO)UI
Japeq panieolad %8z pue ‘Buinjos
wa|qoid Janaq pangalad 4,98 ‘Buiesy
wesa} Jabuoss e panieasad yels
ay} JO %G9 ‘PIONPOIIUI SEM }SI[¥O8Y0
1IN0 Wi} 8y} Jaye Jeak | ‘[elanQ

(100°0 > d) @wi} JoAopuey ueaw Jo
uononpal %9z (€00°0 =d) Alrep sway
2’1 ueaw 0} Ajrep sway {'¢ ueaw
woJy uoiewloyul Buissiw ul supeq
(L0000 >d)
%9°€ O} %1°0g WOly paonpal
SeM ‘SI8plOo sSnousAeiUl/dAD/saqN]
‘uole|llUBA/UoIIINU ‘SauldIpaWw
/s8inyno/sonolqiue ‘synsal 1se}
Jo Aiojeloge| Inoge uolewlojul
Se Yons ‘sso| uolewlojul [eanu)

(1000>d) (€5°1L @S) Le'L o1 (0z'€
as) S6°¢ Wol) pasealdap sain|ie}
Uol}EDIUNWIWOD JO Jaquinu ueaw ay|

do u
Auelwey pue
uoleoIUNWWOD

sinoineyaq
paje|ai-Alajes

0109s (DVS)
alleuuonsanp

apnimy Alejes

syoadse Ajajes
Jo uondediad

awi} Janopuey
Buunp pue
sylys ueroisAyd
usamaq
uolyewlioul

JO ssO7

uolewlIoUl
|20 JO SSO07

ainpaooid

|eaibins

Jad sain|iey

UoNEOIUNWWOD
Jo JaquinN

Apnis

uonuanIaUl

-1sod pue -aud
aAoadsold

[eu} pajjo13uod

Aenins

uonuaiaul-lsod

pue -aid
aAnoadsold

Apnis
UonUBAIBUI-ISOd

Aenins

uonuanidul-}sod

pue -aud
aAoadsold

Apnis poyoo
aAnoadsoid

Apnis

uonuanisiul-lsod

pue -aid
aAnoadsoid

1sIpoRYD

Kojes

eoibing
OHM

1sIpo8yd
suoabins
ayL

1SIp09UQ

JSETEN

eaibing
OHM

1SIpjoaY0
N0 awil|

11080
OWVNIP

1Ip0aY0
Jopuey N

[exdsoy
USIHOOS BUQ
uonualsul
-1sod 9t
uonuanisiul-aid €6
sloquiaw yeis

[endsoy
uesuBWY |
S|0JJU0D €2

suonuanIBul g
salwo}091sA08|0Yd

oldoososede]
apImpliom
s|endsoy

g ‘seLunod g
uonuandul

-1sod /52

uonuanIal
-aid 182
sloquiaw yeis

s|eydsoy
ysipams g
slaquisw
yels Lee
[endsoy ssims |
uoluanIaul
-1sod g6t
uonuaAlsul
-e1d 61G
Suoisses
JanopueH
[endsoy
ueouswy |
paquosep
Jou slaquinN
swiea)
Nol eaibins
pue ewnel]
[exdsoy
uelpeue) |
uonuaAlsul
-1sod 98
‘uoiuaAIBul
-a.4d 98
sainpasoid
[eoibing

d0

d0

d0

d0

a3

nol

d0

102
MN ‘pueNods
ol SUIESY

LL0g
vsn
evdl PUBIED

1102
vsn
1,8V seuken

0l0c
uepemg
2,71 UOSS|IN

0L02

puBleZIMS

N
J8|yoms-1ebipny

6002
vsn
eed UBIS

8002
epeue)
&1 Prebur

11



. Thomassen et al.

‘leAlaiul

90UBPIUO0I ‘| ‘@ouedlIUBIS [BONSIIEIS ‘d ‘UONBIASP piepuE)s ‘S ‘woos Bunesado ‘YO ‘uswpedap Aousbiowse ‘g3 un a1ed aAisualul dujelpaed ‘NDld SHun a1ed aAisualul ‘ND)|

(100 =d) %¥8 0} %8.
woJj pasealoul Buueys uonewloul [ejo]

‘yodal eisayisaeue ay) 1o} Apueoyiubis

abueyo jou pip Inq (€0°0 =d) [exdsoy
uodas Alebins a8y} ul 99| 0} %92 ueolaWy |
WwoJlj pasealoap UolewIoul passIiy uonewoul uonuanIal
(1000 >d) passiw Apmis -1sod 0g
%89 0] %0 WOJ} pasealoul pue apispaq uofuaIBul ‘uonuanIBlul z2Loe
awl} swes ay} 1e apispaq ay} slaquiawl -1sod pue |00030.1d -a.d 0g vSn
81/01 1e slaquiaw wea] |je jo adussaid ay| wes} Jo slequinN -aid annoadsoid JanopueH syjopuey jusied NI 01 HO sVIN dlno11ed
*(Jueoniubis jou) 8sos HO
By} Ul lomwes) Japeg (9700 =d)
as0. Alpigiowo9 Jo abpajmouy
{10070 > d) @soJ Aiebuns 1001100
{(€0°0 =) ueaw wol} pasealoul
uonyeayuapl uaiyed 1081109 A1ebing Mlomwes} lendsoy uewiay) |
(100°0>d) pue spiepuels uopuanieul-}sod
paseaioul 4O 8y} ul ylomwes) Jepag ‘Ajnoas Apnis 1sIpo8YD pue -aid |/
(1000 > d) Pasealoul JUSSUOD USHIIM JO uonen[eas uofuanIBul Aoyes Aiabins pue 2Lozg
juaned Jo uoedllaA {8000 =d) Ssloquiaw jels -1sod pue -aid [eolbing BISayjsaeUR Auewian
81/6  pasealoul O Ul Aleljiwe ‘eisayisaeuy Jo syadse Ajejes annoadsoid OHM — slaquiaw yJeis HO 4V Jawyog
‘(yueoyiubis
j0u) suoabins 1oy pue ‘(L00°0 >d)
sesinu Buenoul 10} {($900°0 =d) [exdsoy ysiuuiy |
sisibojoisayiseeue 10} paroidul slaquiawl uonuaniayul-isod
uonesdunNwwod ‘(1000 >d) usyo wes} usamiaq 4R
alow Ayuapl Jusied paylaA siaquiaw UOo[}ESIUNWWOD Apnis 1SI98YD ‘uonuanIayul
wea} YO IV (100°0 > d) selbig|e pue sanss| uonuanisiul-lsod Kojeg -a1d 882 LL02
pue ‘uoneoipaw ‘Alolsly [esipawl Jo pajejai-Alajes pue -aid |eaibing sainpasoid puejuiq
81L/91 ssaualeme pasealou| sibojoisayisseuy JO ssaualemy annoadsoid OHM [eaibing 4o 2o OlWIOH
(1000 >d)
‘%2’ 0} %/ e Wwolj suoabins
1o} pue ‘(1000 >d) ‘%9°2¥ O} %022
woJj sisibojoisayisaeUE 10} pasealoul s[endsoy ysiuuiq
SjuaAd [eoNO a|qissod jnoge uonuanIdul
suoabins pue sjsibojoisayiseeue SJUBAS [BDNIID Apnis 1SI98YD -1sod /48
usamjaq suoissnasiq (S0°0 > d) JO uoIsSnasIp uonuanIaul Kojes ‘uonuanalul 1102
%02 0} %8 WOl |[9) UOIedIUNWIWOD ‘sain|iey -1sod pue -aid [eolbing -aid 106 puejuiq
glL/el pajre} yum suonesado jo uoodoid ey uoledIUNWWOD annoadsoid OHM suofesadQ Ho eMISH elexel
(1s1prodyo Teap
81008 sainseaw Jo adAy) (syuaned) Auno)
Ayrenp synsal ulepy awooINQ ubBisep Apnis uonuaAIB| sjuedioied Bumes Joyiny

'SI0}0B} UBWINY UO SISIO8Y0 Alojes Jo s1oay3

panunuoy ¢ d|qeL

12



Effects of safety checklists in medicine

“aoueollubIS [BONSHEIS 4 ‘W00l Buleiado ‘YO ‘HuN 8led aAIsusiul ouelpard ‘NDd ‘HUN S1BD BAISUSIUI [BJRUOBU ‘NDIN ‘[BAISIUI 8OUSPHUOD ‘1D

(1000>=d)

|lendsoy ueouawy |
syaned

plem oujeipaed

%0} O} %66 WO} 1sIpioaYd [eoifins ourelpaed [esouah 414
118} swa|qoid Jajsuel) swajqo.d Jajsuel) Apnis Jajsuel} Buinjoaul siajsuel) ‘ABojoipe. vSn
81/6  [eudsoy-eiul Jo sjuspiou|  [e}dsoy-enul JO JoquInN [euipnybuo] [endsoy-eiu| [endsoy-enui €06 ‘a3 ‘NOId ‘NIIN )0 ewekexeN
-aseyd aaielsado
-1sod ay} Buunp
pa.1ind20 (0G'91 O}
0L'Gh 1D %S6) %0°+E
pue ‘Ajpanelado-aid
peyeulBbuo (921
01 /791 1D %S6
‘%8%S) siueploul
jo Aolew ayy sjuaploul
"SISIMO8YD JO %901 Jo Buiwy pue ainjeu cloe
ul paydaoiaiul alem SE ||lom SB ‘sjuaploul Apnis s|endsoy yoing 9 Aemyred spueliayiaN 8yl
81/81 sjuaploul aiow Jo duQ  Ajejes juaned Jo JaquinN  UOHUSAISBIUIIISOd  ISIOBYD SSYJHNS  SIsIPoayo [ealbins g1€9 |eolbing 9N SaUA op
‘suofjesado 1sI]pjo8Yd 0Log
10 %/ | Ul sway dnyes oneyiseeue-aid Apnis uoponpul |endsoy ueibamioN | KemioN
81L/01 Buissiw aiow 1o BUQ ul sway Buissiyy  UonUBAIBUI-}SOH BIsayjsaeue-aid suonesado gog H0 O UaSsBWOY |
'solsnels aanduoseq [feydsoy yoing |
%Lt O} %.8 S1sIMo8yd
woJj paonpal Ssem yum bumes Ho S1
sBumes 4O payelbaul (3sy) (1s1po8Y0 |00} ‘Bumes 4O pejesbajul
pue peseq-ueyo yjoq SJUBA® BAIISUSS-YSU D3yd/0id Gl ‘Bumes-4o 0lLoe
ul 3sY IS99y auyy psjejal -juswinisul [euy ay1) ¥sIposyd peseqg-ueyo g SpuelIayieN ayL
8L/eL Jo uoneluswaldw Jeayy pue -jJuswdinbg pasiwopuey annelado-ald  salnpeooid oidoosolede HoO NS Muizng
[exdsoy yoing |
(€000 =d) Apris S|0JjU00 OE
Y%LV O} %.8 uoliusaisul uolusaisul 0g 800¢
WioJ pasealoap aln|ie} ainpaooid Jad ainjie} -}sod pue 1S1I408y0 salwo}oa)sAos|oyo SpuelIayleN ayL
8L/LL wawdinba jo sjuapiou| wawdinba jo sjuspiou]  -aid aAnoadsoid annelado-aid oldoososede] HO ;9D NUOPSEEBPIOA
(1s1p108Y0 leap
9100s jo adAy) Aunop
Ajenp s)nsai urep saInseaw awooNQ ubisep Apnis uofuaIdl| (syuened) syuedpiued Bumes Joyiny

SJUBAS BSIOAPE JO UOONPaY

"SJUBA® BSJ9APE JO UONONPaI 8y} UO SISIoayo Alejes Jo sjoeyg

¥ a19vL

13



. Thomassen et al.

and understandings of the terms ‘safety” and ‘check-
list”. Given the definition of safety checklist as
adopted in this review, 7294 articles were excluded
because of the wording of the title and/or the
abstract. If the inclusion criteria were expanded with
no limitations as to whether a checklist’s introduc-
tion also included new actions or procedures, the
number of articles would have increased. However,
then, it would have been difficult to evaluate
checklist effects per se, which was our primary aim.
We also believe that the inclusion of all studies with
a quantitative design, not only randomised con-
trolled trials (RCTs), should increase transferability
to clinical quality improvement.*’

Negative effects of safety checklist
None of the included studies reported decreased
patient quality or safety after the implementation of
safety checklists. It is possible that studies showing
no or negative effects have been performed but not
published. Underreporting of such research is well
documented.” Studies with results supporting a
hypothesis have a 50% higher likelihood of being
published than studies with negative or neutral out-
comes.” Such biased reporting can lead to overesti-
mation of the benefits of any treatments or measures.
We did not identify any quantitative studies
focusing on workflow or time use before and after
the implementation of safety checklists; however,
we know from qualitative research and reports that
checklists influence workflow and can be either wel-
comed or seen as a hurdle.”™ Interestingly, a
high WHO checklist compliance rate is not neces-
sarily equal to having a strong influence on the
patient safety culture as reported by personnel in the
ORs.”®

Outcome and process-related measures

The studies in Table 1 have ‘hard” outcome meas-
ures. The measures of the studies in Tables 2—4 are
not directly associated with decreased mortality or
morbidity. Process-related measures, such as
changes in communication, leadership, coordina-
tion, situational awareness, and shared mental
models, are aspects of human factors that are rel-
evant to patient safety and have been shown to
improve medical management®” One of the
included ‘hard’ outcome measure studies’ also
measured the incidence of adverse events on the
same material in another study;* it provided insight
that the prevention of adverse events, a ‘soft’
measure, caused a reduction in mortality.

14

Study quality

Guidelines regarding quality assessment in system-
atic reviews are mostly developed to evaluate
RCTs.® Currently, no quality assessment tool is
regarded as a ‘gold standard’ for observational
studies.” Although the studies included in this
review vary widely in study design, settings,
number of participants, and outcome measures,
they have all been assessed using the same quality
assessment tool.'® However, not all of the nine
assessment criteria could be applied to any of the
studies included because of study design (e.g.
power calculation not being applicable to descrip-
tive statistics). This may also imply a false low total
score simply because one or several of the criteria
were unsuitable.

Long-term effects

All of the articles that have been included in this
review report on relatively short-term effects of
safety checklists. The maximum retrospective
follow-up reported after checklist use was 18
months,®  while the maximum prospective
follow-up after checklist implementation was 13
months.” It remains unclear whether any effects will
persist when checklists are well established in daily
workflow. A newly published paper reports positive
effects 2 years after implementation of the WHO
safety checklist® Additional studies are needed to
determine whether a safety checklist is a feasible and
effective safety strategy in the long run. Long-term
implementation success has been achieved in other
high-reliability organisations.®" These organisations
have successfully created a sustainable safety check-
list culture by focusing on checklist acceptance
among all stakeholders, regular simulation training,
checklist design, and the importance of validation
and revision.”

Study settings
Complicated procedures and operations are per-
formed in most medical specialities in a variety of
locations, hospitaly and pre-hospitaly. The settings
for the included studies are ORs, intensive care
units, patient surgical pathways, wards, and emer-
gency departments. The feasibility and the effect of
safety checklists in other specialities remain to be
investigated. It also remains to investigate whether
an extension of the checklist concept following the
surgical pathways gives the same effects outside the
Netherlands.

Nearly all of the included studies have been
performed in high-income countries. Low peri-



operative mortality and low complication rates
require a high number of patients and extensive
resources in order to demonstrate significant results,
if any (study power). In hospitals that have higher
mortality and complication rates at the outset, such
studies would demand fewer study subjects or
patients to demonstrate any effect.

Safety checklist implementation

Why do all healthcare workers not embrace the idea
of safety checklists? Most certainly, the implementa-
tion of checklists is not simply a matter of handing
them out and demanding that personnel to follow
them.®® Such implementation requires a thorough
plan and that all stakeholders be engaged in the
process.®” While this review has not focused on the
implementation process, several studies in this
review do include findings describing the processes
and cultural challenges that arise during the imple-
mentation of safety checklists.***%

While some claim that checklists are not cost-
effective,” others state that checklists represent a
cost-saving strategy.®® None of the included studies
in this review have presented the costs of the inter-
vention. More likely, the costs of checklist develop-
ment and implementation are lower in a clinical
setting than in the context of many other new inter-
ventions or medications.

Quality improvement research: bias and effect
Checklists have been criticised because it is difficult
to establish causal links between them and their
effects on outcomes.” Some have also raised ques-
tions whether the demonstrated effects are real, or
suggest that they might instead be results due to the
so-called Hawthorne phenomenon.” In traditional
biomedical research, as in an RCT, the aim is to
study the effect of a single intervention while mini-
mising every possible bias by keeping all other
factors similar. In quality improvement research, the
aim is usually to implement and measure the effect
of an intervention in a real and ‘messy’ clinical
setting, which by definition is filled with bias.
Acknowledging this, we have chosen to include all
quantitative study designs, not only RCTs, even
though many coexisting factors may have influ-
enced the observed effects.

The WHO encourages local adaption of the Safe
Surgery Checklist and an implementation process
that is sensitive to local circumstances. Then, iso-
lated effects of the safety checklist itself will differ
because the implementation process may vary from

Effects of safety checklists in medicine

place to place. However, a checklist must reflect
local needs in order to be both feasible and
effective.”

Strengths and limitations

During the first step of this study, 7294 articles were
excluded. One limitation to this review is that some
studies might have been overlooked during this first
step because their titles did not capture our atten-
tion to be included. A reduction of a large number of
articles from the initial search to only a few finally
included studies in well-known in literature
reviews.””? The fact that only five studies were
added as a result of cross-referencing and the use of
other sources reflects high levels of sensitivity and
precision during the process, and should indicate
the study’s strength. Another study limitation is
caused by variations of the quality of the included
studies (and therefore scores from 6 to 18 out of 18
points). Although some regard the inclusion of
studies with a variety of settings and designs as a
limitation, others consider it a strength.”

Conclusion

This systematic review found that safety checklists
are effective safety tools in various clinical settings.
Their use has reduced mortality and morbidity. In
addition, safety checklists strengthen compliance
with guidelines, improve human factors, and reduce
the incidence of adverse events. None of the
included studies reported that safety checklists have
any negative effects on patient safety issues.
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ABSTRACT

Introduction Surgical safety checklists may contribute
to reduction of complications and mortality. The WHO’s
Surgical Safety Checklist (WHO SSC) could prevent
incidents in operating theatres, but errors also occur
before and after surgery. The SURgical PAtient Safety
System (SURPASS) is designed to intercept errors with use
of checklists throughout the surgical pathway.

Objective We aimed to validate a Norwegian version of
the SURPASS’ preoperative and postoperative checklists
for use in combination with the already established Sign
In, Time Out and Sign Out parts of the WHO SSC.
Methods and materials The validation of the SURPASS
checklists content followed WHOs recommended
guidelines. The process consisted of six steps: forward
translation; testing the content; focus groups; expert
panels; back translation; and approval of the final version.
Qualitative content analysis was used to identify codes and
categories for adaption of the SURPASS checklist items
throughout Norwegian surgical care. Content validity index
(CVI) was used by expert panels to score the relevance

of each checklist item. The study was carried out in a
neurosurgical ward in a large tertiary teaching hospital in
Norway.

Results Testing the preoperative and postoperative
SURPASS checklists was performed in 29 neurosurgical
procedures. This involved all professional groups in the
entire surgical patient care pathway. Eight clinical focus
groups revealed two main categories: ‘Adapt the wording
to fit clinical practice’ and ‘The checklist items challenge
existing workflow’. Interprofessional scoring of the
content validity of the checklists reached >80% for all the
SURPASS checklists.

Conclusions The first version of the SURPASS checklists
combined with the WHO SSC was validated for use in
Norwegian surgical care with face validity confirmed and
CVI >0.80%.

Trial registration number NCT01872195.

INTRODUCTION

Surgical complications are a global concern.
A review of closed healthcare claim cases
including complications showed that it would

t 78

be possible to prevent 50% of the cases.! A
common problem which is known to compli-
cations is poor communication.? Tools such
as safety checklists have been introduced to
enhance teamwork, communication and
reduce patient safety risks.” Use of checklists
has been shown to reduce surgical complica-
tions and mortality.** WHO’s Surgical Safety
Checklist (WHO SSC) was introduced in the
operating theatres (OTs) in two Norwegian
hospitals in 2009-2010.° However, the in-hos-
pital surgical pathway is comprehensive and
consists of multidisciplinary involvement and
interactions in OTs and in the admission
phase, preoperative phase, postanaesthesia
care unit (PACU) and postoperative ward
care.” Transfers through different depart-
ments with loss of information throughout
the clinical pathway may be a threat to patient
safety.® Complications are known to occur
also in the preoperative and postoperative
phases of surgery.” Many risk factors have
been described, such as failing to identify
allergies,'” lack of antibiotic prescriptions'!
and follow-up on venous thromboembo-
lism risk and prophylaxis.'”” To our knowl-
edge, there is only one validated checklist
concept that systematically cover the total
surgical pathway with personal checklists for
the involved key personnel used through all
critical transfer points in the care process:
the Dutch SURgical PAtient Safety System
(SURPASS) checklists."

The SURPASS consists of 11 checklists
covering the total surgical flow, from admis-
sion to discharge. Introduction of the
SURPASS checklists in six Dutch hospitals
reduced complications from 27.3 (95% CI
25.9 to 28.7) to 16.7 (95% CI 15.6 to 17.9).
The mortality was reduced from 1.5% (95%
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CI 1.2 to 2.0) to 0.8% (95% CI 0.6 to 1.1).” The WHO
SSC has been implemented in all hospitals in Norway as
part of the Norwegian patient safety programme ‘In Safe
Hands’."* Due to mandatory use of the WHO SSC, it was
not possible to introduce all parts of the more compre-
hensive SURPASS system. Nevertheless, it seemed to be
feasible to introduce the preoperative and postoperative
SURPASS checklists in combination with the WHO SSC
in clinical practice. Thus, this needed further investiga-
tion. We aimed to translate the SURPASS’ five preoper-
ative and three postoperative checklists and validate the
SURPASS version in combination with the already estab-
lished Sign In, Time Out and Sign Out parts of the WHO
SSC for use in Norwegian surgical care.

METHODS AND MATERIALS

Translation and validation of the SURPASS checklists
content into Norwegian flow of surgical care followed
the WHO guidelines,”’ recommended for translation
and adaption of instruments. The process consisted of six
steps: (1) forward translation; (2) testing the content; (3)
focus groups; (4) expert panel; (5) back translation and
(6) approval of the final version.

The study was carried out in a neurosurgical unit in
a large tertiary teaching hospital in Norway, referral for
1.1 million inhabitants, performing all common neuro-
surgical procedures both in children and adults.

WHO Surgical Safety ChecklistSSC

The established WHO SSC consists of three checklists to
be performed within the OT at three definite moments
in surgery: before induction of anaesthesia, before inci-
sion and at the end of sur%ery.16 The checklist was in 2009
translated to Norwegian'’ by clinical experts including
surgeons, anaesthesiologists, nurse anaesthetists, OT
nurses and quality improvement officers. It was back trans-
lated to English by native English-speaking personnel and
became the official Norwegian version.'® The WHO SSC
was implemented in five surgical departments, including
neurosurgery. Effects of using the checklists have been
validated through previous published work.” 719 Further
implementation of the WHO SSC at the remaining
surgical departments followed WHO'’s implementation
guide with adaptation to local use.”’ *!

The SURPASS checklists

The SURPASS checklists consist of five preoperative, three
intraoperative and three postoperative checklists. The
preoperative and postoperative checklists are individual-
ised to fit the healthcare providers’ professional responsi-
bility. The original version of the SURPASS checklists'” was
developed in three steps: (1) literature studies on human
processes and adverse events after surgical procedures,
(2) observations of safety risk events in clinical practice
throughout the perioperative care and (3) practical and
effectiveness evaluation of the checklists. The content was
validated by observing safety deviations in clinical practice
in comparison with checklist items."® This process was to

ensure that practice and theory corresponded. The orig-
inal preoperative and postoperative phases of SURPASS
consisted of 63 checklist items. In addition, two items on
the preoperative checklist for surgeons were to be used in
case of local anaesthesia without anaesthesiologist.

In contrary to the WHO SSC, which are performed by
the surgical team, the preoperative and postoperative
SURPASS checklists are personalised and completed by
individual health professionals in charge of specific care
details through the surgical care pathway. We chose to
add specifically the preoperative and postoperative parts
of the SURPASS checklists to the already established intra-
operative WHO SSC in our hospital and combine them in
one comprehensive perioperative checklist.

Forward translation

An English translation of the content was provided from
the SURPASS copyright holders’ in addition to the orig-
inal Dutch version. Translation of the checklist content
into Norwegian was first carried out by professional
translators (Semantix AS, Stavanger, Norway). Then, the
translated and the English versions of the checklists were
reviewed by three clinical experienced researchers (AS,
ASH and ES). Cross-cultural adaptation of surgical work-
flow and logistics in checkpoints from Dutch to Norwe-
gian standards were ensured in close collaboration with
surgeons and healthcare personnel from the neurosur-
gical department testing the checklists. This also investi-
gated the face validity and feasibility. Three items were
left out from the original Dutch preoperative ward nurse
checklist due to lack of local existing protocols and proce-
dures at the time of investigations: screenings for decub-
itus; risk of patient falls; and delirium. All three screening
protocols were under development and scheduled to be
introduced at a later stage. One item for the discharging
nurse concerning home regimen explained to patient
was left out due to being covered in standard discharging
procedures. Two new procedures were implemented that
contribute to two new checklist items on the preoperative
ward nurse checklist: body temperature controlled 1 hour
before entrance to the OT (not in the original version)
and patient identification tags on both wrists (in the orig-
inal version: name tags and barcode on both wrists). One
of the original checklists assigned to an anaesthesiologist
or intensivist when transferring the patient from PACU
or intensive care unit to hospital wards was changed and
assigned to the PACU nurse.

Testing the content

Before testing the checklists, all groups of healthcare
professionals received at least one educational session.
The personnel involved in neurosurgery were ward
doctors (neurosurgical resident/consultant in neurosur-
gery/finalyear student resident), ward nurses (registered
nurses (RNs)), neurosurgeons, anaesthesiologists, OT
nurses (RNs with graduate certificate in operating room
processes), PACU nurses (RNs or graduate certificate in
intensive care) and discharging doctors (neurosurgical
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resident/consultant in neurosurgery/final year student
resident) and nurses (ward nurse and RNs). All personnel
involved received information by email and informative
posters that were displayed in the department. Training
followed the principles of Conley and colleagues,” by
explaining why the checklists were tested and showing
how to use the different checklists. The implementation
team consisted of key clinical personnel, the research
group and the middle level of management for the
involved groups. Paper version checklists were used
individually by personnel at each preparatory step of
the surgical pathway. All the checklists had user instruc-
tions attached. The lists were designed to check whether
all necessary procedures had been completed, hence
different from a to-do list.”® During the test period, it was
mandatory to use the preoperative parts of the checklists.
In agreement with the department head, consequences of
not completing the checklists resulted in delayed surgery.

During the test period, the checklist users were asked to
write feedback notes on a daily basis regarding wording
of the checklist items. This was to determine whether
the wording was precise and to get an understanding of
optimal time-points for completion of the checklists.

The implementation team was available to clarify
doubts and follow-ups throughout the test period. All the
surgeons were asked individually on their experiences of
using the preoperative and discharging checklists.

Focus groups

After testing the checklists in clinical settings, we needed
more systematic information regarding the checklist
users’ perspective on usage and existing workflow in rela-
tion to checklist compliance.?* Eight focus groups were
carried out by two moderators. We planned to perform
interviews in small focus groups (two to five partici-
pants) with a strategic sample of healthcare professionals.
Respondents being potential users of the SURPASS check-
lists, including surgeons, anesthesiologists, ward doctors,
ward nurses, OT nurses and PACU nurses with mixed
length of experiences, were selected. The interviews
were scheduled to last up to 60 min. Trained interviewers
and moderators (AS, HVW, ASH and ES) conducted the
focus group interviews. The interviews were carried out in
hospital settings close to the wards and OTs to minimise
use of time away from clinical work. The checklist items
formed the interview guide. Data from the interviews
were noted as condensed meaning units on a paper form.
The participants reported their clinical experience, sex
and profession. We used qualitative content analysis to
identify codes and categories to assess the items adaption
to the existing work flow.”

Expert panels

Each item on the checklists were subsequently tested by
expert panels for all the eight new SURPASS checklists
using the content validity index (CVI).*® To score the
CVI, we used eight panels with experts. The experts were
instructed to score the content from a general surgical

angle—covering all the surgical areas, not merely neuro-
surgery. The CVI scoring was performed to test relevance
and comprehensiveness of precise and clear wording of
the checkpoints.”” The experts rated each checkpoint
item on a fourpoint scale: l=notrelevant, 2=some-
whatrelevant, 3=quiterelevant and 4=highlyrelevant.”®
Item content validity scores (I-CVI) were used to guide
revision of wording or questions of deleting items or text.
To reveal the total content validity score of the check-
list or scale (S-CVI), the proportion of experts who have
scored 3 or 4 were calculated.”

Back-translation and final approval of the SURPASS
checklists

Following a forward translation, testing of the content in
clinical practice, focus groups and validation by expert
panels, the checklists were back-translated from Norwe-
gian to Dutch by a native Dutch speaker. The back-trans-
lated checklists, including both the SURPASS parts and
the WHO SSC were presented to the Dutch SURPASS
copyright holder for approval.

RESULTS

Forward translation

The content of the original SURPASS checklists has previ-
ously been published.” After forward translation of the
checklist content, managers and the different clinical
professionals ensured that the different checklist contents
were assigned to the responsible healthcare professional
following Norwegian standards and legislation. The item
‘obtaining written consent’ is not required by Norwegian
legislation; thus, this checklist item was left out. Adjust-
ments and cross-cultural adaptations to local workflows
needed to be performed: for example, ward doctors in the
Netherlands are to check on: relevant imaging present;
in Norway, the surgeons assess the images and the OT
nurses check for the presence of the images in the OT.
Also for Dutch ward doctors: relevant laboratory checks,
including cross-typing; in Norway, ward nurses check for
cross-typing, while the surgeons and anaesthesiologists
control the laboratory results. All healthcare professional
groups engaged in neurosurgery each confirmed face
validity and feasibility of their respective checklist items
before the checklists were tested in clinical practice.

Testing the content

We tested the checklists in 29 neurosurgical procedures
performed over 3weeks in June and July 2012. In each
surgical procedure, 11 checklists were used, which
includes: the five new preoperative SURPASS checklists,
the established three parts of WHO SSC and the three
new postoperative SURPASS checklists. All the healthcare
professional groups engaged in neurosurgery were repre-
sented. Compliance rates to the different checklists are
presented in figure 1. The SURPASS checklists used here
included 64 checklist items, in addition to two items on
the preoperative checklist for surgeons to be used in case
of local anaesthesia without an anaesthesiologist involved.
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Figure 1 Compliance to the preoperative and postoperative
SURPASS checklists according to professional background
when testing the content in 29 neurosurgical procedures,
June-July 2012, in one Norwegian hospital. PACU,
postanaesthesia care unit.

The test revealed that some items had to be moved to
other professional groups due to differences in national
and local work assignments and work flow, and some
items needed to be reformulated for clarity, specificity
and simplicity.

Focus groups

The focus groups involved professionals having been
assigned the five preoperative and three postopera-
tive SURPASS checklists, with 2-5 professionals in each
group. All the interviews, except one, had both an
interviewer and a moderator. Two interviews had one
healthcare provider involved, all together 25 different

Professions Condensed meaning unit

&

professionals participated. The participants had a wide
range of working experience, from 6 months to 35 years,
with 52% being females. Three identified codes ‘change
of wording’; ‘responsibility’ and ‘organisation (of when
to do the checklist)’ constituted the main categories
of ‘Adapt the wording to fit clinical practice’ and ‘The
checklist items challenge existing workflow” (figure 2).

Expert panels

Following careful text adjustments after testing the check-
lists in clinical practice, and adjusting items according to
the suggestion from focus groups, the next step in the
validation process was the CVIscoring. The expert panels’
characteristics are shown in table 1.

Altogether 35 different healthcare personnel scored
CVIs. Six surgeons and six ward nurses scored on both
the preoperative and discharging checklist. The scorings
on I-CVI and S-CVI are represented in table 2.

Examples of items having a low score (1 and 2): for
surgeons: preoperative marking of the incision site; and
preoperative hair removal. For ward nurses: marking of
the incision site.

Back translation of the Norwegian validated version

Following careful adjustments after validation, the
Norwegian version of the preoperative and postoperative
parts of the SURPASS checklists finally consisted of 60
checklist items distributed on five preoperative and three
postoperative checklists. In addition, one item was to be
performed preoperatively by surgeons in case of local
anaesthesia without an anaesthesiologist involved. All the

Surgeon [Suggest to move item on anaesthesiologist's requests on special

requests or further medical investigations

Checking an item does not mean that it has been performed (could be
OT nurse incorrectticked off inthe operating planning system by an ancillary

staff and not by the surgeon)

patients shall care for their wounds and removal of stiches after
discharge. Suggest changing the wording or that this is performed by 2

Uncertainty ifthere is a written procedure on instructions on how
Discharging nurse
nurse function (coordinator) and not by an individual nurse

Ward nurse Fine, for night shift nurse to perform

Unclear wording, need to explain what medical information isand
perhaps make sub-points on complications, comorbidity i.e.

Codes Categories
/—\
]\l Responsibility
The checklist
items
challenge
existing
Organisation 7| workflow
(of when to do
the checklist)
N

Surgeon

(
Anaesthesiologist [
(

Suggest change wording, possible duplicates another checklist-item

PACU nurse

[ Change wording and rank of the points, and add pain

Adapt the

Change wording to

Discharging doctor [ patients

Unclear wordingthat needs to be more specified. Relevant for all

fit clinical
practice

wording

Ward doctor {WOrding isunclear on medical information. Suggest adding previous

medical history and what is reason for this stay

N7

Figure 2 Qualitative content analyses to understand eight focus groups’ perspectives on the tested preoperative and
postoperative SURPASS checklist content for neurosurgical procedures in one Norwegian hospital. OT, operating theatre;

PACU, postanaesthesia care unit.
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Table 1 Characteristics of neurosurgical personnel scoring content validity index (CVI) of the preoperative and postoperative
SURPASS checklists after testing, focus groups and adjustments according to feedback in the SURPASS validation study in a

tertiary teaching hospital, in Norway, 2012

Worked in the Worked as

Sex, female/ Age, mean years profession, Worked as a junior, a specialist,
Profession (n) male (range) mean years mean years mean years
Operating theatre nurse (5) 5/0 56 (48-61) 26 - 19
Ward doctor (6) 3/3 33.8 (29-39) 6.8 3.5 -
Surgeon (6) 0/6 48 (31-62) 20.3 3 (n=2) 24 (n=4)
Anaesthesiologist (6) 1/5 42 (31-64) 14 2 (n=1) 13.8 (n=5)
Ward nurse (6) 5/1 31.5 (26-39) 8.3 8.1 -
PACU nurse (6) 4/2 39.3 (33-54) 15.1 - 6.4
Discharging doctor (6) 0/6 48 (31-62) 20.3 - 15.6
Discharging nurse (6) 5/1 31.5 (26-39) 8.3 - 8.1

PACU, postanaesthesia care unit; SURPASS, SURgical PAtient Safety System.

original checklist items excluding the three ward nursing
screenings and obtained consent were included in the
Norwegian version. The content of the tested checklists
and the corresponding content having been back trans-
lated are shown in online supplementary digital content
1. The back-translated checklists, including both the
SURPASS parts and the WHO SSC, were approved by the
Dutch SURPASS copyright holder.

DISCUSSION

The English version of SURPASS’ five preoperative and
three postoperative checklists were validated together
with the established three parts of WHO SSC in a neuro-
surgical department in a tertiary hospital in Norway. The
validation process consisted of six steps, including forward
translation, testing the content, focus groups, expert
panels, back translation and approval of the final version.
There was a general positive attitude towards using
checklists, although critique, reluctance and questions

regarding the checklists themselves and on safety-effects
were also raised. Checklist scepticism has also been docu-
mented for years in other healthcare settings.” -2

Before testing the content and the flow of checklists,
there was a close collaboration with management and
health personnel within each profession for all checklist
parts. The Dutch and Norwegian standards of health-
care are very similar, but some differences in healthcare
providers’ responsibilities were disclosed. To overcome
this, some items were assigned to other professions’
checklists. From the literature and our previous experi-
ence on implementation of the WHO SSC, we observe
that including key stakeholders at an early stage for
buy-in and to increase ownership in the process is recom-
mended.”™ Face validity and feasibility were confirmed
before testing the content in clinical practice.

Testing the checklists in clinical practice revealed that
there were still challenges concerning wording and the
existing workflow. Several studies have identified that

Table 2 The item content validity index (I-CVI) and scale content validity index (S-CVI) scores by the neurosurgical experts
evaluating the preoperative and postoperative SURPASS checklists after testing, focus groups and adjustments according to
feedback in the SURPASS validation study in a tertiary teaching hospital, in Norway, 2012

Checklist items Items rated Items rated Calculating the
Experts (n) rated 1or2* 3 or 4t mean |-CVI S-CVviI
Operating theatre nurse (5) 5) 0 25 25/25 1.00
Ward doctor (6) 5 3 27 27/30 0.90
Surgeon (6) 9 9 45 45/54 0.83
Anaesthesiologist (6) 7 4 38 38/42 0.90
Ward nurse (6) 13 11 67 67/78 0.86
PACU nurse (6) 6 1 35 35/36 0.97
Discharge doctor (6) 10 10 50 50/60 0.83
Discharge nurse (6) 5 4 26 26/30 0.87

*1=not relevant; 2=somewhat relevant.
13=quite relevant; 4=highlyrelevant.

PACU, postanaesthesia care unit; SURPASS, SURgical PAtient Safety System.
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change of workflow following checklist implementa-
tion may represent a barrier to engage the healthcare
providers.” ™ Although many of the clinicians found a
paper checklist most convenient for testing the content,
there were logistic challenges that resulted in low compli-
ance rates for the OT nurses. Some of the personnel were
enthusiastic about systematically having a last check-up
before transferring the patient. Some were engaged to
give the test period a fair chance to succeed and were
open-minded. Others were open on concerns, that is,
another thing to spend time on in an already time-con-
straint environment. The managers were engaged and
pointed out dedicated staff to follow up the test period.
The implementation team involved and engaged the
personnel thoroughly, on both group and individual
levels and monitored the process closely. The WHO SSC
was implemented in this hospital in 2009. It is mandatory
to use, and it has a good compliance rate. However, discus-
sions on issues regarding the WHO SSC were important,
but the main focus was on testing the new SURPASS
checklists.

To get a further insight into the challenges with the
existing workflow and identify wording to be improved,
we conducted focus group interviews. The focus groups
had several suggestions for rephrasing list contents to
adapt the wording and item content into clinical practice
and workflow.

All the expert panels were instructed to score the CVI
from a general surgical perspective. Still, the ‘low rele-
vance’ scorings of specific checklist items were explained
as not being important for the expert panel’s surgical
discipline. However, these items could be judged as highly
relevant checkpoints for other surgical departments and
should be tailored to these settings accordingly. Thus,
despite a low score, these items were not removed from
the checklists being back translated due to generalisation
to other specialities. However, the items were removed
from neurosurgery checklists as a local adjustment. All the
eight checklist scores had a CVI >0.80. A 90% agreement
on CVI is regarded satisfactory with some authors,”” while
others urge to have total agreement by all the experts if
five or fewer experts.” However, if six or more experts are
scoring, the I-CVI is regarded as valid when 80% reach
agreement.” * All the checklists reached an acceptable
CVI score.

We recommend local adaptation and testing the
content in new settings to disclose and terminate barriers
before implementation of additional surgical checklists.

Strengths and limitations

A strength of this study is the inclusion of interprofes-
sional key stakeholders in the early process of adjusting
the content to Norwegian work assignments and flows.
Another is the continuous process of testing the check-
lists in practice with all health professional groups repre-
sented. Generally, the similarities between Dutch and
Norwegian surgical safety standards increased likelihood
that the checklist contents followed existing workflow

and procedures. Still, three items were not included on
this checklist version due to lack of protocols and work
processes corresponding to these items. All new proto-
cols and work processes should of course be imple-
mented properly before the checklists are introduced.
Prior to checklist implementation, a thorough evalua-
tion of context, assessing corresponding work processes
and procedures to checklist items has also been recom-
mended in the literature.”

It may be a possible limitation that the Norwegian
version of the SURPASS checklists was validated in one
department only. However, the original SURPASS check-
lists was developed through a great variety of surgical
procedures and settings, to make adaptation of the
checklists to other hospital departments feasible.”® Use
of highly experienced and expert personnel when testing
the checklists may be seen as a strength. Advices as to
adaption and tailoring the content to the setting were
followed.”!

CONCLUSION

The SURPASS’ preoperative and postoperative check-
lists were successfully validated for use in Norwegian
surgical care with high face validity and content validity
(CVI>80%) and in combination with the WHO operative
checklist. Adding new checklists in combination with the
already established Sign In, Time Out and Sign Out parts
of the WHO SSC was feasible in neurosurgery.
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Background: The ICD-10 codes are used globally for comparison of diagnoses and complications, and
are an important tool for the development of patient safety, healthcare policies and the health economy.
The aim of this study was to investigate the accuracy of verified complication rates in surgical admissions
identified by ICD-10 codes and to validate these estimates against complications identified using the
established Global Trigger Tool (GTT) methodology.

Methods: This was a prospective observational study of a sample of surgical admissions in two Norwegian
hospitals. Complications were identified and classified by two expert GTT teams who reviewed patients’
medical records. Three trained reviewers verified ICD-10 codes indicating a complication present on
admission or emerging in hospital.

Results: A total of 700 admissions were drawn randomly from 12 966 procedures. Some 519 possible
complications were identified in 332 of 700 admissions (47-4 per cent) from ICD-10 codes. Verification
of the ICD-10 codes against information from patients’ medical records confirmed 298 as in-hospital
complications in 141 of 700 admissions (20-1 per cent). Using GTT methodology, 331 complications
were found in 212 of 700 admissions (30-3 per cent). Agreement between the two methods reached 83-3
per cent after verification of ICD-10 codes. The odds ratio for identifying complications using the GTT
increased from 5-85 (95 per cent c.i. 4-06 to 8-44) to 25-38 (15-41 to 41-79) when ICD-10 complication
codes were verified against patients’ medical records.

Conclusion: Verified ICD-10 codes strengthen the accuracy of complication rates. Use of non-verified
complication codes from administrative systems significantly overestimates in-hospital surgical compli-

cation rates.
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Introduction

The Institute of Medicine’s seminal report' on medical
errors initiated safety awareness and implementation of
preventive patient safety strategies. Patient harm remains
a challenge in healthcare and up to 35 per cent of patients
are exposed to complications during their hospital stay?. A
majority of identified complications (over 65 per cent) are
attributed to surgical care? 7.

A number of methods have been used to detect adverse
events, patient harm or complications. These include
prospective observation of unfolding care processes®, the

© 2018 The Authors. BfS published by John Wiley & Sons Ltd on behalf of BJS Society Ltd.

7, incident

Clavien-Dindo classification of complications
reporting®, and retrospective review of patient records,
such as the Harvard method’ and the Global Trigger
Tool (GTT) developed by the Institute for Healthcare
Improvement (IHI)!’. Under-reporting of complications
in incident reporting systems remains a challenge!!. Full
record review is thought to identify most complications,
with the GTT method revealing ten times more complica-
tions than other methods'?>. The GTT involves searching
for ‘trigger’ words that can indicate a complication (such
as decubitus, intubation, naloxone), tracking changes over
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time!?, and studying the effect of new interventions to
improve patient safety'*. The GTT is labour-intensive,
and therefore mostly recommended for internal use. A
less resource-demanding alternative is to use electronically
extracted disease and complication codes from hospital
administrative data that have already been entered into
hospital databases!*-16.

ICD-9 and ICD-10 have been used by more than 100
countries, and contributed to more than 20000 scientific
publications'’. In Norway, it has been mandatory to use the
ICD-10 system since 1999. Discharging physicians have to
code diseases and complications that are detected in patient
records and hospital administrative systems. The codes are
frequently also used for reimbursement. Comparing data
on complications across nations based on ICD-10 codes
is common, but, owing to variation in coding practices
and poor quality of registered data, caution in interpreting
patterns and comparisons is advised'®.

Surgical complications often have a significant per-
sonal, family, economic and thus wider societal impact.
Reliable knowledge of codes indicating complications,
and methods to apply them, are warranted. Concerns
have been raised regarding the reliability and validity
of different diagnostic codes, such as those for venous
thromboembolism'?, stroke?®?!, sepsis??, infections®* and
myocardial infarction®*.

Consistent knowledge of surgical complications may
inform and could influence healthcare policies and facili-
tate future safety targets. The aim of the present study was
to investigate the accuracy of using ICD-10-coded surgical
complications compared with the GTT as a reference
standard, by conducting a concurrent validation study of
ICD-10-coded complications. The ICD-10 classification
system and the GT'T method were chosen as they are well
established nationally and globally. The hypothesis was that
ICD-10 codes identifying complications, as currently used,
overestimate actual procedure-related complications, espe-
cially as those present on admission are not distinguished
from complications that arise during the hospital stay.

Methods

This observational study with prospective data collection
investigated perioperative complications in two Norwe-
gian hospitals: one tertiary teaching hospital (referral
for 1-1 million inhabitants) and one community hospital
(referral for 110000 inhabitants). A sample of surgical
admissions was drawn randomly from a larger group com-
prising various surgical procedures. Adult surgical patients
(aged at least 18 years) admitted for hospital care (lasting at
least 24 h) between November 2012 and March 2015 were
included from the two hospitals. Exclusion criteria were:

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.
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rehabilitation admissions, ambulatory patients, donor
surgery and patients who declined to participate in the
study. The study was approved by the Western Norway
Regional Ethical Research Committee (2012/560/REK
West) and the data privacy unit at the central commu-
nity hospital (Ref: 2012/3060). The study protocol was
registered in Clinical Trials.gov (NCT01872195).

Global Trigger Tool

The GTT was used to identify complications in patients’
medical records. GTT-identified complications are cov-
ered by the IHIs definition of an adverse event: ‘an
unintended physical injury resulting from or contributed
to by medical care that requires additional monitoring,
treatment or hospitalization, or has a fatal outcome’®’.
The GTT method involves a two-stage review process
performed by nurses and physicians. Reviewers searched
for ‘trigger’ words that may or may not indicate patient
harm. The Norwegian GTT protocol based on the THI
guidelines was followed"?. Two GTT teams investigated
patient records to identify any word from 55 predefined
trigger words that could indicate patient harm. A positive
trigger word led the two teams to classify the occurrence of
complications from a list of 23 categories. Both teams con-
sisted of registered nurses with clinical experience ranging
from 7 to 35 years, and experience with use of the GT'T
ranging from beginner to 5years. One team included a
senior anaesthetist and the other a surgeon. The members
of the two teams received a joint 2-h educational session
delivered by two doctors experienced in use of the GTT.
According to the GTT protocol, the teams reviewed
medical summaries, medication logs, laboratory results,
prescriptions, surgical procedural records, anaesthesia
records, nursing registrations, discharge records, ICD-10
codes and other relevant documentation.

Severity of complications identified by the GT'T was clas-
sified according to the international GTT template that is
used routinely by Norwegian hospitals (not only as part of
the present study): E, temporary harm — additional mon-
itoring or treatment needed; F, temporary harm — initial
or extended hospital stay; G, permanent harm; H,
life-supporting treatment needed; and I, death”’. In admis-
sions with several GTT-identified complications describ-
ing the same injury, the complication contributing to the
injury was allocated a severity level. An example is postop-
erative bleeding resulting in reoperation: this was analysed
as one complication (bleeding) with one severity level (F).

ICD-10 complication codes

Primary outcomes were complications during in-hospital
care. A complication was defined as an adverse outcome:
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‘an unintended and undesired occurrence in the healthcare
process, which causes harm to the patient’?®. The ICD-10
codes indicating complications were identified by using
complications as classified by the American College of Sur-
geons’ National Surgical Quality Improvement Program?’
and studies investigating surgical complications?®~30.
Based on previous research publications on checklists
and surgical complications, 154 ICD-10 complication
codes were included in this study (Zable SI, supporting
information).

The codes investigated were extracted electroni-
cally from patient medical records using the hospital
administrative data systems for routinely collected data.
All patient records with any identified ICD-10 compli-
cation code were reviewed to verify whether the ICD-10
complication code was already linked to the patient’s
condition at the time of admission or arose during the
hospital stay. A complication resulting from a previous
admission rather than the present one was not included
as a complication in the admission analysed in the present
study. Three clinical researchers (an intensive care nurse, a
nurse anaesthetist and a senior intensivist), different from
the GTT teams, independently reviewed the patient’s
medical records and verified the codes as indicative of a
complication already being present on admission, or one
that emerged during the hospital stay and/or at discharge.
Admissions with one or two complications were classified
by a single reviewer. All admissions with three or more
complications were discussed between all three reviewers,
and consensus was obtained to ensure agreement in num-
ber and types of complications. The ICD-10 complication
code reviewers and the GTT record review teams were
blinded to each other’s reviews.

Reliability and validity

Reliability was assessed for both teams classifying com-
plications using the GTT method in the same 20 random
medical records. After classification, agreement on the
presence of a complication, numbers of complications and
levels of severity was tested. In addition, three clinical
researchers, with no involvement in the GTT classifica-
tion, reviewed the same discharge ICD-10 codes in 30
new random medical records. The agreement on patients
having a complication or not during the hospital stay and
number of complications was tested.

In the second phase, concurrent validity’! was studied,
comparing complications using the two different meth-
ods: GTT (reference standard) and ICD-10 complication
codes. Validation here refers to agreement in identify-
ing complications in the same admissions using the two
different methods’.

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.

Statistical analysis

Sample size calculations were based on the assumption
that 14 per cent of the study population would acquire
a complication in hospital according to ICD-10 codes,
based on available evidence?®3. Because patient record
review is expected to reveal more complications'?, it was
further assumed that, if an ICD-10 complication code
were attributed to an admission, the risk of identifying
a complication according to the GTT (patient harm of
category E, F, G, H, I) would be twice the risk had no such
code been present. Based on these assumptions, to obtain
90 per cent power and a significance level of 5 per cent,
inclusion of at least 636 patient admissions was required.

A Venn diagram was used to illustrate associations
between surgical complications identified by ICD-10 codes
and GTT reviews. Cohen’s x and weighted « statistics were
used to test reliability, with assessment of the strength of
agreement among the ICD-10 code reviewers and between
the GTT teams by means of inter-rater reliability tests®.
Standard classification of k coefficient values was used: less
than 0-20, poor agreement; 0-21-0-40, fair; 0-41-0-60,
moderate; 0-61-0-80, good; and 0-81-1-00, very good*3.

Logistic regression was used to analyse the relationship
between complications identified using a verified ICD-10
code compared with complications identified by the GTT
review of patients’ records; the results are reported as
odds ratios (ORs) with 95 per cent confidence intervals.
P<0-050 was considered statistically significant. Data
were analysed using SPSS® version 24 for Windows®
(IBM, Armonk, New York, USA). Weighted « analysis was
performed using Stata® version 14.0, and Venn diagrams
were drawn using the Stata procedure pvenn (StataCorp,
College Station, Texas, USA).

Results

A study sample of 700 surgical admissions in 695 patients
was drawn randomly from a larger group of 12 966 surgical
procedures. Some 87-4 per cent were from the tertiary
hospital and 12-6 per cent from the community hospital.
Surgical procedures in the community hospital included
gastrointestinal surgery (such as appendicectomy and
colonic resection) and urology (for example prostatec-
tomy and ureteric stent). Those in the tertiary hospital
included neurosurgery (such as disc herniation surgery,
excision of intracranial lesion, evacuation of haematoma,
external drainage), gynaecology (hysterectomy, oophorec-
tomy, vaginal fistula repair, perineorrhaphy), orthopaedics
(osteosynthesis or reposition of fractured limbs, hip or
knee replacements, external fixation, malleolus surgery)
and thoracic surgery (ascending aorta vascular prosthesis,
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Table 1 Characteristics of 700 surgical patient admissions in two
hospitals in western Norway from November 2012 to March
2015

No. of patients

(n=700)

Age (years)

18-64 417 (59-6)

> 65 283 (40-4)
Sex

M 309 (44-1)

F 391 (55.9)
Duration of hospital stay (days)

1 72 (10-3)

2-7 350 (50-0)

8-14 199 (28-4)

>15 79 (11-3)
Incision time (min)

<30 83 (11-9)

31-60 125 (17-9)

61-180 392 (56-0)

> 181 100 (14-3)
ASA fitness grade

| 115 (16-4)

Il 305 (43-6)

1] 249 (35-6)

\% 30 (4-3)

Vv 1(0-1)
Urgency of surgery

Elective 395 (56-4)

Emergency 305 (43-6)
Surgical specialty

Neurosurgery 129 (18-4)

Orthopaedics 223 (31-9)

Gynaecology 111 (15:9)

Thoracic 149 (21-3)

General 88 (12-6)
Hospital type

Tertiary 612 (87-4)

Central 88 (12-6)

Values in parentheses are percentages.

cardiopulmonary bypass, aortic valve replacement, circu-
latory anastomosis). Patient characteristics are shown in
Table 1. Mean(s.d.) age was 58-3(18-1) (range 18-99) years.
In total, the data set represented 5350 days of admission,
with a median of 5-8 (i.q.r. 3-1-8-8) and mean(s.d.) of
7-6(8-3) days per stay.

Complications detected by the Global Trigger
Tool method

Using the GTT method, a total of 331 (range 1-7) com-
plications were identified in 212 of 700 admissions (30-3
per cent). Seventy-seven admissions were identified with
more than one complication describing an injury. The dis-
tribution of the GTT complications is shown in Table 2. A
majority were classified as temporary: Ein 111 of 331 (33-5
per cent) and F in 200 (60-4 per cent). Thirteen (4-0 per
cent) were regarded as representing permanent harm and
classified as G. None were classified as H (life-supporting
treatment needed) and complications in seven patients (2-1

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.
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Table 2 Complications classified according to the Global Trigger
Tool in 23 categories for the 212 of 700 patient admissions with
patient harm in two hospitals in western Norway from
November 2012 to March 2015

One or more
GTT complications*
Other surgical complicationst 86 (26-0)
Surgical-site infection 35 (10-6)
Urinary tract infection 34 (10-3)
Low respiratory infection 30 (9-1)
Other infection 26 (7-9)
Postoperative 24 (7-3)
bleeding/haematoma
Postoperative respiratory 23 (6:9)
complication
Reoperation 20 (6:0)
Ventilator-associated pneumonia 10 (3:0)
Organ failure 10 (3-0)
Medication-related (including 9(2:7)
blood and fluid therapy)
Deteriorating chronic condition 6(1-8)
Bleeding 5(1-5)
Thrombosis/emboli 3(0:9)
Decubitus 2(0-6)
Other 2 (0-6)
Allergy 1(0-3)
Fracture 1(0-3)
Central venous line infection 1(0-3)
Medical technical equipment 1(0-3)
failure
Postpartum/obstetric 1(0-3)
complication
Wrong surgical site 1(0-3)
Fall 0(0)
Total no. of complications 331 (100)

Values in parentheses are percentage of total number of complications.
*Among 212 patient admissions. TDrop foot, rupture of dura, pleural
fluid, necrosis, vision disturbances, infarction, atrial fibrillation, other.
GTT, Global Trigger Tool.

per cent) were classified as I (death). Infection-related
complications constituted 41-1 per cent and 26-0 per cent
were classified as other surgical complications.

ICD-10 complication code classification

Electronic extraction of ICD-10 codes identified 519
complication codes in 332 patient records of the 700
admissions (complication rate 47-4 per cent). After exclud-
ing codes representing complications already present
on admission, 141 of 700 admissions (20-1 per cent)
with a total of 298 complications were found to occur
in hospital. The number of complications per hospital
stay ranged from one to six. The distribution of the
ICD-10 complication codes is summarized in Table 3.
After verifying the complications, the order of fre-
quency of complication types changed from cardiac,
fall, respiratory and infections to cardiac, respiratory,
infections and other. Of note, all 96 codes for patient falls
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Table 3 Distribution of complications in 332 surgical admissions
identified using ICD-10 complication codes, and distribution of
verified complications in 141 surgical admissions from patients’
records in two western Norwegian hospitals from November
2012 to March 2015

Extracted Verified
ICD-10 codes ICD-10 codes
(=332 (=141
admissions) admissions)
Respiratory 79 (152 55 (18-5)
Pneumonia 21 (4-0) 20 (6:7)
Respiratory, other 58 (11-2) 35 (11.7)
Cardiac 151 (29-1) 95 (31.9)
Cardiac arrhythmia 65 (12-5) 49 (16-4)
Congestive heart failure 17 (3-3) 11 37)
Cardiac, other 69 (13-3) 35 (11-7)
Infections 65 (12:5) 47 (15-8)
Sepsis 13 (2-5) 9(3-0)
Surgical site 20 (39 13 (4-4)
Urinary tract 24 (4-6) 20 (6:7)
Infections, other 8 (1-5) 5(1-7)
Surgical wound rupture 5(1-0) 4(1-3)
Nervous system 13 (2-5) 11 3:7)
Delirium, somnolence, other 3(0-6) 2(0-7)
Cerebral infarction 10 (1-9) 9 (3-0)
Bleeding 17 (3-3) 15 (5-0)
Embolism 5(1-0) 2(07)
Nutrition 28 (5-4) 23 (7-7)
Malnutrition, other 12 (2-3) 11 3-7)
nutritional deficiencies
Other disorders of fluid, 16 (3-1) 12 (4-0)
electrolyte and acid-base
balance
Anaesthesia 3(0-6) 3(1-0)
Mechanical implantation 16 (3-1) 7 (2-3)
Fall 96 (18:5) 0(0)
Other complications 41 (7-9) 36 (12-1)
Total no. of complications 519 (100) 298 (100)

Values in parentheses are percentage of total number of complications.
Detailed list of included ICD-10 complication codes can be found in
Table S1 (supporting information).

were found to represent falls occurring before, and not
during, the hospital stay.

Reliability analysis

Analysis of agreement in classifying complications in 20
random medical records using the GTT method revealed
that the two teams reached 85 per cent agreement in terms
of the presence of a complication, 65 per cent regard-
ing numbers of complications and 75 per cent on the
levels of severity. The k values for inter-rating agree-
ment between the teams were 0-700, 0-504 (weighted) and
0-688 (weighted) respectively. Three clinical researchers
reviewed the same discharge ICD-10 codes in 30 random
medical records. Agreement was 91 per cent in terms of
patients having a complication or not during the hospi-
tal stay, and 77 per cent for agreement on actual number
of complications. Accordingly, the k values for inter-rater
reliability were 0-816 and 0-731 respectively.

Validating complications by ICD-10 versus Global
Trigger Tool

To investigate concurrent validity, it was determined
whether admissions with ICD-10 complications were the
same admissions as those identified as having one or more
complications by the GTT methodology. The similarity
between the two classification methods increased from
68-3 per cent before clinical verification of the ICD-10
complication codes to 83-3 per cent after excluding
ICD-10 codes representing complications already present
on admission (Fig. I).

Logistic regression was used to quantify the importance
of clinically verifying ICD-10 complication codes rather

n=161

Agreement 68-3%
k=0-353

n=317

n=465

Complications with GTT (n=212)
ICD-10 extracted (n=332)
Total population (n=700)

a Extracted ICD-10 codes

Complications with GTT (n=212)
ICD-10 verified (n=141)
Total population (n=700)

b Verified ICD-10 codes

Fig. 1 Agreement between methods of identifying admissions with complications versus no complications: a using ICD-10 codes
extracted from administrative data and b using ICD-10 codes verified from patients’ records. GTT, Global Trigger Tool

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.
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than using them without verification. Admissions with
unverified ICD-10 codes (332) were at increased odds
of also having a GTT-identified complication (OR 5-85,
95 per cent confidence interval 4-06 to 8-44), whereas
admissions with verified ICD-10 codes (141) increased the
odds substantially (OR 25-38, 15-41 to 41-79). Ninety-four
admissions with complications according to GTT method-
ology did not have an ICD-10 code reflecting a complica-
tion (Fig. I).

Discussion

This study found that complications during the hospital
stay were overestimated when crude ICD-10 codes were
used in surgical admissions. By excluding codes represent-
ing conditions already present on admission, the complica-
tion rate decreased from 47-4 to 20-1 per cent. This pro-
vides quantifiable evidence of the detrimental impact of
coding practices on the ability of ICD-10 codes to indicate
a true complication in patient care. Based on the present
findings, it does not appear feasible to detect and disclose all
complications and level of severity using a single method. A
substantial decrease in complications was found with accu-
rate ICD-10-verified complication codes compared with
ICD-10 codes present on admission. These findings sup-
port the hypothesis of the study. The GTT method is
designed to inform about local complications and patient
safety initiatives over longer periods of time'?, whereas the
ICD-10 (if used accurately) may be used both locally and
in large epidemiological studies to inform on larger patient
safety interventions.

The complication rate obtained using the GTT in the
present study was 30-3 per cent of all admissions. This is at
the upper end of the range reported in studies included in a
recent systematic review’. That review, however, included
studies across both medical and surgical specialties. Focus-
ing solely on surgical patient populations, as in the present
study, would be expected to result in higher rates than in
mixed patient populations’. Regarding level of severity, the
majority of complications identified by the GTT (939 per
cent) were found to be associated with temporary harm.
Similar findings regarding severity have been documented
elsewhere*%.

In the present study, the agreement between the ICD-10
and GTT methods increased from 68-3 to 83-3 per cent
following clinical researchers’ verification of the ICD cod-
ing. Other studies”*3¢ have investigated complications
using different detection methods. The high rates of agree-
ment here might be explained by avoidance of use of
complications reported voluntarily by healthcare person-
nel as a comparator. There is evidence for under-reporting

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
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of complications in voluntary reporting systems'?, which
would likely lead to lower agreement between methods.
The present analysis included a large number of compli-
cation codes (154 in total), which might have increased the
number of complications identified, thus offering a broader
perspective on surgical complication analyses. Moreover, a
large number of clinically reviewed patient records were
included, which is likely to have increased the number
of complications found and analysed by this methodology
compared with smaller studies®.

A total of 94 admissions with GTT-identified complica-
tions were not identified by ICD-10 codes. There may be
several reasons for this discrepancy. In a busy clinical prac-
tice, physicians may fail to use correct ICD-10 codes owing
to lack of training in the use of such codes and/or time
constraints, as pointed out in a national report’’. The find-
ing also demonstrates differences in methodology between
the two systems for identifying complications. The GTT
method may include complications before admission if they
are linked to medical treatment'®, whereas the ICD-10
codes should consider only complications that emerge
in hospital to be ‘true’ complications. The present find-
ings have significant practical implications. If hospitals are
to work on preventing or addressing patient safety risks,
reliable knowledge of risk factors will be needed. Deriv-
ing such knowledge and developing patient safety pro-
grammes based solely on administratively collected com-
plication data does not represent an effective strategy, based
on the present findings. More accurate evidence concern-
ing in-hospital complications is needed to tailor surgical
patient safety interventions. Examples from this study sug-
gest that a focus on respiratory and cardiac complications,
infections and nutrition is needed. It was also shown here
that all patient falls occurred before admission. These find-
ings are important as ICD-10 coding is widely used to
report on complications, carry out research, and to inform
healthcare policies and hospital funding!”. Yet few stud-
ies have reported similar procedures for clinical verifica-
tion of ICD-10-coded patient-level data®’. Such studies
are urgently required to inform decision-making and fund-
ing. On a practical level, an electronic ‘flag’ built into
ICD-10 classification systems can be recommended, so that
the coder can identify a ‘complication’ already present on
admission. Such a flagging option is available in the USA,
Canada and Australia®®. This improves coding accuracy
without the requirement for significant financial invest-
ment or training, thereby enhancing the value of inexpen-
sive complication reports based on routinely collected data.

Prospective recording of complications on a severity
scale, using a validated system such as the Clavien—Dindo
classification’, would be ideal. This would probably lead to
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the availability of more accurate and clinician-reported data
in prospective databases of postoperative morbidity, which
could offer a better picture of surgical care quality. How-
ever, this would have training and resource implications if
introduced as standard practice, and this is not currently
done routinely in Norwegian hospitals.

The present study has limitations. Only surgical patients
were included, so the results cannot be extrapolated
directly to the larger cohort of medical admissions. Sec-
ond, a standard Norwegian version of the GTT protocol
was used and not a trigger protocol especially designed for
surgical patients, known as the Surgical Trigger Toolkit.
This was because the expert GTT teams had already
been trained to use the standard version; in addition,
there is no validated Norwegian version of the Surgical
Trigger Toolkit available. However, the GTT actually
covers all but two of the trigger words available in the
Surgical Trigger Toolkit and hence the coverage is very
similar. Third, the preventability of the identified com-
plications was not investigated. Classifying preventability
is not included as part of national GTT team training
in Norway, nor is it recommended as a part of the GT'T
protocol'®. Further research should analyse preventability
in a similarly structured manner®3’. Furthermore, when
studying in-hospital complications, those related to previ-
ous admissions had to be excluded. This may have led to
under-reporting of complications, mainly owing to coding
practices being related to each hospital admission and not
to each patient throughout the healthcare pathway. Finally,
as a result of natural differences between the ICD-10 and
GTT systems, it may be questioned whether admissions
identified by both methods actually had the same (type of)
complications. Simply put, although an admission might
have been identified as complicated by both tools, the
type of complication identified by one of the two systems
may have differed from that identified by the other. This
would not affect overall complication rates, but could
affect the types of complication found and consequently
the hospital’s targets for improvement.

The study also has strengths, including: bringing
together two methods for assessing surgical safety; the
overall high level of expertise among the reviewers; the
inclusion of two separate hospitals; and the good reliabil-
ity of the analyses. Regarding reliability, the inter-rater
reliability analysis is a methodological strength. The GT'T
teams showed good agreement for detection and severity
of complications, and moderate agreement regarding the
number of complications present. The two GTT teams
had expert members from both hospitals (with knowledge
of local reporting practices). The inter-rater agreement
among the ICD-10 reviewers was even stronger. This is a

© 2018 The Authors. B7S published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.

prerequisite for studies reporting data that require clinical
judgement and the seniority of the reviewers ensured this.
The accuracy of ICD-10 complication codes is improved
when in-hospital complications are verified with record
reviews. Crude data with unverified ICD-10 codes signifi-
cantly overestimate surgical complications within hospitals
because complications present on admission are included.
This can represent a severe bias for national and interna-
tional comparisons of quality and safety of surgical care.
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