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Editor’s key points

† Clinical indicators
measure patient safety
and other aspects of
quality of care.

† Clinical indicators need to
be valid (i.e. accurately
measure aspects of
quality of care) and
usable.

† This study identified a
useful range of indicators
that can identify room for
improvement in
perioperative practice.

† Staff education and ready
access to protocols and
guidelines may improve
compliance.

Background. To improve perioperative patient safety, hospitals are implementing evidence-
based perioperative safety guidelines. To facilitate this process, it is important to provide
insight into current practice. For this purpose, we aimed to develop patient safety indicators.

Methods. The RAND-modified Delphi method was used to develop a set of patient safety
indicators based on the perioperative guidelines. First, a core group of experts
systematically selected recommendations from the guidelines. Then, an expert panel of
representative professionals appraised the recommendations against safety criteria,
prioritized them and reached consensus about 11 patient safety indicators. Measurability,
applicability, improvement potential (based on current practice) and discriminatory capacity
of each indicator were pilot tested in eight hospitals.

Results. Seven structure, two process and two outcome indicators were developed covering
the entire perioperative care process. Most indicators showed good applicability (N¼11),
improvement potential (N¼6) and discriminatory capacity (N¼7). Four indicators were
difficult to measure. Improvement opportunities concerned the use of perioperative stops,
timely administration of antibiotics, availability of protocols on perioperative anticoagulants
and on prospective risk analysis of medical equipment, presence of a surveillance system for
postoperative wound infections, and a morbidity and mortality registration.

Conclusions. Using a systematic, stepwise method 11 patient safety indicators were
developed for internal assessment, monitoring and improvement of the perioperative care
process. There was large variation in guideline adherence between and within hospitals,
identifying opportunities for improvement in the quality of perioperative care.

Keywords: guideline adherence; healthcare quality indicators; patient safety; perioperative
care
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An unsafe perioperative care process is associated with high
rates of incidents and complications.1 – 3 In the United States,
surgical adverse events (AEs) account for almost half (48%)
of all AEs and are preventable in more than half of the cases
(54 to 74%).4 If published complication rates are extrapolated
to a global population (estimated 234 million operations per-
formed annually), surgery leads to 7 million complications
and 1 million deaths every year.5

In the Netherlands about 1.2 million operations are per-
formed annually.6 Research shows that AEs occur in 6–8% of
all hospital patients.7 Two thirds (65%) of hospital AEs are

associated with perioperative care, a trajectory the anesthe-
siologist is closely involved in verifying the safe performance
of care. Of these AEs, 11% result in permanent disabilities or
death, while 41% are considered avoidable.8 The incidence of
anaesthesia-related death is estimated to be 1.4 per 10 000
anaesthetics.9

Analyses by the Dutch Health Care Inspectorate (IGZ)
showed that perioperative care in the Netherlands was
lacking standards in information transfer, clinical documenta-
tion, teamwork and coordination.10 – 12 In response to these
shortcomings, national perioperative guidelines have been
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developed in order to reduce preventable patient harm.13 – 15

These guidelines are based on national and international
literature and guidelines (e.g. WHO Guidelines for Safe
Surgery,16 Universal Protocol for preventing wrong site, wrong
procedure,wrongpersonsurgeryof the JointCommission on Ac-
creditation of Healthcare Organizations (JCAHO)17 and the
guideline Preoperative Tests of the National Institute for
Health and Care Excellence18), and comprise recommendations
foroptimal patient safety during the total perioperative care tra-
jectory with anaesthetic management included and are applic-
able across all surgical specialties. The clinical relevance of
standardization of the perioperative care process has been
shown by Haynes and colleagues19 and De Vries and collea-
gues:20 the number of complications and deaths decreased by
about 30 and 50% respectively.

To improve the implementation of guidelines, we first need
to gain insight into the application of the guidelines in daily
practice by the development and measurement of valid indica-
tors.21 An indicator is a measurable aspect of care, for which
there is evidence that it represents quality on the grounds of
scientific research or consensus among experts.22

In order to support the implementation of the perioperative
safety guidelines, we aimed to develop a set of valid guideline-
based patient safety indicators (PSIs) to assess actual guide-
line adherence. This included testing the indicator-set for
several quality criteria.

Methods
Patient safety indicator development

We performed a RAND-modified Delphi procedure, a systemat-
ic consensus procedure that combines experts’ opinions and
scientific evidence.23 The procedure consisted of 5 steps
(Fig. 1). In phase 1, PSIs for the pre and peroperative care
process were developed and tested. In phase 2, PSIs for the
postoperative care process were added and tested.

Phase 1

Step 1: Extraction of recommendations from the
guidelines First, key recommendations were extracted
from the national pre and peroperative safety guidelines13 14 by
a multidisciplinary core group of experts from 13 medical-,
paramedical-, hospital-, patient- and IT organizations who were
also involved in the guideline development (Supplementary
Appendix S1). The main question was: ‘What are the most
important guideline recommendations, in terms of scientific
evidence or consensus if evidence was not available, that are
relevant to the safety of perioperative care?’

Step 2: Formal rating of the recommendations The
recommendations were subsequently presented to a broader
expert panel of professionals from 28 organizations using a
web-based discussion forum. This expert panel consisted of a
representative diversity of clinical experts representing
all professions involved in the surgical care process (e.g.
anaesthesiologists, surgical and non-surgical specialists and

nurses, as well as representatives of patient, hospital and
IT organizations (Supplementary Appendix S1)). The panel
members individually scored the recommendations on their
relevance to safety, using a 9-point Likert scale that ranged from
1 (hardly relevant) to 9 (extremely relevant). The experts were
encouraged to, if necessary, reformulate the recommendations
or propose new recommendations. In addition, they were asked
to make a personal top-3 list. The results of this step were used
to guide the subsequent face-to-face expert panel meeting.

Processing the results We processed and analyzed the
results of the second step according to the RAND-modified
Delphi procedure.24 Indicators with an overall median rating
of 7, 8, or 9 without disagreement were rated face valid;
indicators rated with an overall median of 1–3 and 4–6 were
rated as invalid and equivocal, respectively. Disagreement
was defined as 30% or more scores in both the bottom (1–3)
and top (7–9) tertile.25 Indicators rated with an overall
median of 8 and 9 were considered face valid and reliable.24

26 27 To ensure sufficient discriminative power, we added a
third criterion: the recommendation should be in the
top-three ranking for at least 20% of the panel members.28 – 30

Step 3: Face-to-face consensus meeting After the
systematic rating of the recommendations, all panel
members were invited to discuss the results with a focus
on those recommendations which (almost) met the three
criteria described above. For example, a recommendation
rated with an overall median of 8 and rated in the top-three
ranking for 18% of the panel members was discussed in the
meeting, even though it did not completely meet the three
criteria.

Step 4: Translation into PSIs The recommendations which
were suitable for converting into indicators were then
merged and translated into a first concept set of PSIs by
defining denominators and numerators for the process and
outcome indicators. The numerator is determined by the
number of patients for which there is adherence to the
indicator and the denominator by the total number of
patients for which the indicator is applicable.21 A structure
indicator is not measured on patient-level and indicates
the presence of organizational preconditions (i.e. human,
physical and financial resources) to provide good and safe
care.22 This process led to a subset of eight indicators
regarding the processes and structures of pre and
peroperative care (Table 1 and Supplementary Appendix S2,
both left column).

Step 5: Pilot test The subset of PSIs for pre and peroperative
care was then pilot tested in one academic and two teaching
hospitals in order to assess the quality criteria (measurability,
applicability, improvement potential and discriminatory
capacity, see Box 1) and the current practice.
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Development of the evidence-based pre and peroperative guidelines
Phase 1

Development of the evidence-based postoperative guideline
Phase 2

Step 1: Extraction of key recommendations from these guidelines by a core group of
experts 

Step 2: Formal rating of the recommendations by an expert panel of professionals
regarding the impact on outcomes of perioperative care and prioritization into a

personal top-3 list

Processing the results with a consensus-tool 

Step 3: Face-to-face consensus meeting of the expert panel 

Step 5: Pilot test of the subset of 8 PSIs with manually collected data

Selection of 8 PSIs for the pre and peroperative care process

Step 1–4: Completing the subset after the development of the final guideline by
repeating the first four steps

Selection of 11 PSIs for the total perioperative care process

Step 5: Pilot test of the preliminary set of 11 PSIs with data from existing continuous
data registers 

Determination of the final set of 11 valid indicators

Step 4: Translation of the recommendations into PSIs by defining numerators and
denominators

Fig 1 Application of a RAND-modified Delphi procedure to develop PSIs for the perioperative care process.
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Table 1 Patient safety indicators for the pre, perand postoperative care path. *The bold printed indicators were added in the second phase, after the
development of the postoperative guideline. †Stop moment IVa ‘pre-time-out before the operation’ was deleted in the second phase because it was
onlyapplicable in casewhere invasive preparatoryactions needed to be carried out outside the OR. *The indicatoron the availabilityof an integrated
multidisciplinary perioperative patient file (indicator 2 in phase 1) was deleted in the second phase due to the complexity of integrating paper and
electronic patient files. }The structure indicator ‘availability of a local protocol on antibiotics and anticoagulants’ (indicator 3 in phase 1), was split
into two separate indicators (indicators 2a and 3 in phase 2) to facilitate scoring

Phase 1 – Subset Phase 2 – Final set

n Description Type of
indicator

n Description Type of
indicator

1 Completion of the total STOP-bundle, % patients
5 separate stop moments in the pre and peroperative
care process:

Process 1 Completion of the total STOP-bundle, % patients
7 separate stop moments in the perioperative care
process:

Process

I. Preoperative risk management – screening the patient
The anaesthesiologist assesses whether the peroperative

risk is deemed acceptable by both the patient,
anaesthesiologist and surgeon, or appropriate
measures are taken to minimize the risk and whether
the patient agrees to the proposed operation,
anaesthetic treatment and potential risks.

II. Planning of the operation
The operation date can only be determined when all
conditions are met, (i.e. agreements regarding
preparation, peroperative details and postoperative
care). If not all conditions are met, this will be
discussed and actions will be taken.

III. Check of the current situation – checking whether all
conditions for safe surgery are met
Following the admission of the patient and before stop
IV (a), it will be verified whether all preoperative
agreements are executed and no changes occurred in
the condition of the patient. The surgeon is
responsibility for this check.

IVa. Pre-time-out before the operation†

In case any invasive actions are needed, a
pre-time-out is performed. The anaesthesiologist and
an assistant, identity the patient, the location/side of
the surgery, the type of surgery, the coagulation status
and anyallergies of the patient. This pre-time-out is not
performed instead of the time-out, but is an additional
stop moment. The anaesthesiologist is responsible for
the performance and recording of this stop moment.

IV. Time-out before the operation
Before the induction of anaesthesia, a structural
consultation takes place between surgeon,
anaesthesiologist and OR staff; discussed are at least:
correct patient, correct surgery, side/location,
coagulation status, antibiotic policy, allergies,
comorbidities, positioning of the patient, presence of
skilled and qualified personnel and appropriate
materials. This consultation should take place in the
operating room, before the start of anaesthesia and in
presence of the patient. The surgeon is responsible for
the performance and recording of this stop moment.

V. Sign-out after the operation
Before the patient leaves the operating room, a
sign-out takes place in the operating room in the
presence of the entire team. At the very least discussed
and recorded are: essential aspects of the procedure
performed, count of the materials and agreements
relating to postoperative care. The surgeon is
responsible for the performance and recording of this
stop moment.

I. Preoperative risk management – screening the patient
II. Planning of the operation
III. Check of the current situation – checking whether all

conditions for safe surgery are met
IV. Time-out before the operation
V. Sign-out after the operation
VI. Discharge from the recovery*

Before the patient leaves the recovery room, the
condition of the patient is checked using
predetermined discharge criteria. The
anaesthesiologist is responsible for the performance
and recording of thisstop moment. The patient can only
be discharged when predetermined criteria are met.

VII. Discharge from the hospital
Before the patient leaves the hospital, the clinical
condition of the patient is checked. The patient can
only be discharged if:- the medical condition of the
patient permits this- care providers at the place of
destination are capable of safe and adequate
treatment. In the patient file is recorded: the decision
to discharge the patient and when and by whom this
decision is taken. The surgeon is responsible for the
performance and recording of this stop moment.

2 Availability of an integrated multidisciplinary
perioperative patient file‡ (2 items)

Structure 2A Availability of a protocol on antibiotics (4 items) Structure

2B Timely administration of antibiotic prophylaxis
(% patients)

Process

Continued
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Box 1 Definitions of the quality criteria

Criterion Definition Score

Measurability Information available
through routine data
registration, collected
with relatively little
effort (preferably not by
hand)28

Good: ≥80% of the
hospitals
Moderate: .20– ,80%
of the hospitals
Poor: ≤20% of the
hospitals

Applicability Applicable to a
considerable proportion
of reviewed patients29 or
all hospitals.
Dichotomous scoring
categories (good/poor).

Good: ≥80% (process
and outcome
indicators) or 100%
(structure indicators)
Poor: ,80% (process
and outcome
indicators) or ,100%
(structure indicators)

Improvement
potential

Room for improvement
of current practice.30 31

Dichotomous scoring
categories (good/poor).

Good: indicator score
,90%
Poor: indicator score
≥90%

Discriminatory
capacity for
comparison

Discriminate practice
performance between
different hospitals.25 29

Dichotomous scoring
categories (good/poor).

Good: .20% range
Poor: ≤20% range

The selected hospitals were chosen because they were
familiar with using perioperative checklists. Each hospital
selected a different specialty (ear-nose-throat (ENT) surgery,
general surgery, neuro/plastic surgery), and subsequently
delivered the results of 56 patients for indicator 1 (STOP-
bundle, which is an aggregated indicator of perioperative
stops to safeguard the care process). For every patient, the
responsible professional scored whether the checklist was
completed. Regarding the structure indicators, the contact
persons in the hospitals were interviewed by phone. To
measure the timely administering of antibiotics, hospital

managers retrieved the data on administration of antibiotic
prophylaxis.

Phase 2

Steps 1–4: Completing the indicator-set During the
development of the third guideline on postoperative care,15

PSIs covering the postoperative trajectory were developed.
This was done by conducting steps 1–4 as in Phase 1. This
resulted in three new PSIs and two stop moments to be added
to the STOP-bundle (Table 1 and Supplementary Appendix S2,
both right column).

Step 5: Pilot test The total set of 11 indicators was then tested
in practice against the availability of routinely collected data in
three academic and two teaching hospitals in the Netherlands.
As well as in the first pilot test, the members of the core group
and expert panel were not involved in the data collection.

Each hospital selected one or more (up to 20) clinical spe-
cialties, such as ENT, surgery and orthopaedics and retrospect-
ively collected the results of at least 20 patients for indicator
1 (STOP-bundle), 2B, 7B and 8B in a period varying from 1–3
months. The contact person in each hospital was invited to
fill out a short questionnaire on the underlying items of the
seven structure indicators (see Supplementary Appendix S2)
on a dichotomous scale (yes/no) and to identify possible ambi-
guities in the formulation of these indicators.

Determination of the final indicator set The core group
discussed the results of the second pilot test and fine-tuned
the indicators where necessary. This resulted in a total set of
11 PSIs for the entire perioperative care process.

Results
Quality criteria of the indicator set

The first pilot test involved 15 to 20 patients per hospital (total:
56 patients in three hospitals), the second pilot test comprised

Table 1 Continued

Phase 1 – Subset Phase 2 – Final set

n Description Type of
indicator

n Description Type of
indicator

3 Availability of a protocol on antibiotics and
anticoagulants} (6 items)

Structure 3 Availability of a protocol on anticoagulants (5 items) Structure

4 Availability of a protocol on responsibilities regarding
maintenance of medical equipment (1 item)

Structure 4 Availability of a protocol on responsibilities regarding
maintenance of medical equipment (2 items)

Structure

5 Availability of a protocol on (performing) prospective risk
analysis of medical equipment (6 items)

Structure 5 Availability of a protocol on (performing) prospective risk
analysis of medical equipment (8 items)

Structure

6 Availability of OR-regulations (5 items) Structure 6 Availability of OR-regulations (7 items) Structure

7 Presence of a surveillance system for postoperative
wound infections (3 items)

Structure 7A Presence of a surveillance system for postoperative
wound infections (3 items)

Structure

7B Postoperative wound infections (in-hospital) (%) Outcome

8 Timely administration of antibiotic prophylaxis
(% patients)

Process 8A Presence of a morbidity and mortality registration
(4 items)

Structure

8B Postoperative mortality (in-hospital) (%) Outcome
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35 to 4500 patients per hospital (total: 5833 patients in five
hospitals).

Apart from the timely administration of antibiotic prophy-
laxis, all indicators were (relatively easily) measurable in the
first pilot test (Table 2). The improvement potential was 0%
for two structure indicators: the availability of a protocol on
antibiotic and anticoagulant use and the availability of a proto-
col on responsibilities regarding the maintenance of medical
equipment. For these indicators low discriminatory capacity
(,20% range) between hospitals was found in both pilot tests.

The second pilot test showed that many data are not
recorded routinely; four indicators were only measurable by
hand searching patient files, including the STOP-bundle, the
timely administration of antibiotics, percentages postoperative
wound infections and mortality. The measurabilityof the indica-
tors varied across hospitals. Three indicators showed poor im-
provement potential (indicator score .90%): the availability of
protocols on antibiotic use and on responsibilities regarding
maintenance of medical equipment and the availability of
OR-regulations. Improvement potential and discriminatory
capacity could only be determined for the structure and
process indicators. Data needed for the outcome indicators
appeared to be too scarcely available to calculate reliable
scores. Applicability was high in all indicators (both pilot tests).

Overall, 4 indicators met all four quality criteria: the avail-
ability of protocols on anticoagulant use and on prospective
risk analysis of medical equipment, having a surveillance
system for postoperative wound infections and having a regis-
tration system for morbidity and mortality.

Current practice

Overall, current practice discloses a large variation in perform-
ance and much room for improvement of perioperative care
(Table 2).

All hospitals in the first pilot test reported to have antibiotic
and anticoagulantprotocols andrecorded the tasks and respon-
sibilities regarding the maintenance of medical equipment.
In one hospital, a prospective risk analysis was not part of the
selectionandacquisitionprocedurefornewmedicalequipment.
OR-regulations on hygiene were available in all three hospitals.
Although these hospitals had a surveillance system for post-
operative wound infections, the systems were still in develop-
ment and not available for all departments. Finally, data on
the timely administration of antibiotic prophylaxis were not
retrievable in all three hospitals. Despite the fact that hospitals
used a digital system for anaesthesia record keeping, data-
bases were not organized in a way that these data could be
extracted.

The indicator score for the total STOP-bundle ranged from
2.8 to 60.0% (mean 20.2%, second pilot test). The separate
stop moments varied between 55.8% (preoperative risk man-
agement) and 91.5% (discharge from the recovery). Variation
in practice performance between the departments of a hos-
pital was sometimes more than 90% (e.g. in one hospital, the
neurology department never applied the time-out, compared
with 91.5% in the orthopaedics department).

In the second pilot test, most structure indicators were ad-
equately met. One hospital scored 100% on all structure indi-
cators. An anticoagulants protocol was not available in two
hospitals. Furthermore, two hospitals did not structurally
perform prospective risk analyses for all medical equipment
and did not provide feedback about postoperative wound
infections to the OR staff and concerning nursing departments.
One hospital in the second pilot test had a suboptimal OR
protocol, in terms of not being developed according to the
current regulations, not approved by the professionals, and
lacking behavioural and discipline recommendations. All hos-
pitals stated having a morbidity and mortality registry, but
this was suboptimal in four hospitals: data were not structural-
ly fed back to the relevant departments and protocols on
the execution of improvement activities were not available.
The timely administration of antibiotic prophylaxis varied
between 50 and 95.7% (mean indicator score 87.8%). It
must, however, be noted that these results apply to only
three of the tested hospitals because of difficulties in retrieving
the data in the other hospitals.

Discussion
We developed and tested a set of 11 representative PSIs, seven
structure, two process and two outcome indicators, to support
the use of perioperative safety guidelines. According to the
PSIs, adherence to these national guidelines varied from poor
to good. The lowest mean adherence was found on the STOP-
bundle. The highest mean adherence involved the protocols
on antibiotic use and on responsibilities regarding mainten-
ance of medical equipment. In total, 6 of the 11 indicators
scored ,90% adherence, indicating room for improvement:
the STOP-bundle, timely administration of antibiotics, proto-
cols on anticoagulant use and on prospective risk analysis of
medical equipment, presence of a surveillance system for post-
operative wound infections and a morbidity and mortality
registration.

Especially compliance to the total STOP-bundle (i.e. check-
ing the adequacy of perioperative care at critical points in
the process) revealed improvement opportunities. It should
be noted, however, that the STOP-bundle is a composite
measure, which means that by missing one stop moment,
the STOP-bundle is incomplete. All but one stop moment
showed performance scores ,90%, indicating that they are
not yet part of the OR routines in the participating hospitals.
Single indicator scores on the time-out (83.5%) and sign-out
performance (73.2%) were, on the other hand, relatively high
compared with the scores found in the (single-centre) WHO
surgical safety checklist study of Van Klei and colleagues32

(time-out 59.2%, sign-out 44.6%). A possible explanation for
the high scores in our study might be the selection of hospitals
that were already using perioperative checklists. Furthermore,
the study results of the first pilot test were based on self-
reports, which may induce socially desirable responses (i.e.
evoking higher guideline adherence).32 33 Additionally, in the
second pilot test, hospitals self selected their departments
for providing the data, which might have caused a selection
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bias. The results are also somewhat weighted towards the best
recruiting hospital, since the number of included patients per
hospital varied widely. Our results on the process indicator
‘timely administration of antibiotics’ (87.8%) are comparable
with others19 (82.6%).

The interpretation of the structure indicator scores needs
some caution because of the dichotomous character (avail-
ability of protocols). Therefore, one cannot be sure that individ-
ual caregivers are aware of the existence and accessibility of
the protocols, neither is there any guarantee that the protocols
are known and followed on an everyday basis. To increase their
sensitivity, one or two items might be added (e.g. on access and
awareness of the protocols). An even stronger measure would
be to observe whether the protocols are actually used by care-
givers in clinical practice.

The availability of these PSIs creates possibilities for hospi-
tals to assess and improve their perioperative patient safety.
Although we are primarily interested in improving the patient
outcomes of perioperative care, the final set of PSIs consists
mainly of indicators regarding the structures and processes
of care. For internal improvement aims, process and structure
indicators are more useful and valuable than outcome indica-
tors.22 Outcome indicators are extremely valuable for external
accountability, but generally have a low prevalence and there-
fore need long observational periods. Structure and pro-
cess indicators are relatively easy to measure, do not require
case-mix adjustment, and are therefore considered better
suited for improvement programs, compared with outcome
indicators.22 Besides, process indicators assess the processes
of care and reveal exactly where changes in care might be ne-
cessary, generating information that is considered essential to
improve the safetyof care, while structure indicators provide us
with the framework to do so.24 34 By this, they offer a concrete
starting point for internal improvement initiatives. In addition,
several studies showed that using stop moments and the
timely administration of antibiotic prophylaxis improve peri-
operative outcome.19 20 32 Adding more indicators on patient
outcome could be considered relevant for benchmarking
between hospitals, since insurers, policy makers, care providers
and consumers are usually more interested in outcome indica-
tors28 30 34 as the ultimate goal is to improve patient outcome.

At present, however, not all information needed to measure
the PSIs is easily accessible, due to incomplete data sources.
Collecting the required information for one third of the in-
dicators, in particular the process and outcome indicators,
appeared to be very time-consuming. Only the more distal
structure indicators met the measurability criterion. In other
studies, 10 to 20% of newly developed indicators dealt with
poor measurability.34 35 Explanations for the poor measurabil-
ity in our study might be the fact that the hospitals were not or
only partly computerized at the time of the pilot and the use of
different data systems in different perioperative care phases.
Our proposed set of PSIs is not yet entirely feasible for structural
data feedback, however, it provides an important first step
towards internal patient safety improvement work, the
actual goal for which the PSIs were developed.

The set was developed to be generic, thus applicable to all
hospitals and patients with all types of elective surgery. In
line with some other studies, good improvement potential
involved indicator scores lower than 90%.27 28 35 36 This
cut-off point is rather arbitrary and from a clinical point of
view, especially safety indicators, any score lower than 100%
may indicate the need for internal improvement.37 Most indi-
cators showed sufficient discriminatory capacity (78%) and
room for improvement (67%). Usually, however, at least 80%
of the indicators should meet the quality criteria.28 34 38 As
our indicators were specifically developed to monitor patient
safety, the core group accepted a lower percentage of indica-
tors fulfilling the quality criteria. From a clinical point of view,
improvement potential of indicators that have a direct
impact on patient outcomes may even be considered superflu-
ous. Little room for improvement does not necessarily mean
that the PSI is less important, quite the opposite may be true;
adherence to the PSI is so important that monitoring should
continue, even in a successful hospital to ensure that adher-
ence continues to be high in the future, as a small decline in
performance may have significant patient impact. Finally, the
discriminatory capacity of an indicator is especially relevant
for external use of indicator scores (e.g. when comparing
hospitals).

Taking these considerations into account, we conclude that
the strength of the current set of PSIs is the solidityof the devel-
opment and test procedure. Our RAND-modified Delphi pro-
cedure resulted in a comprehensive, robust set of PSIs, which
might serve as an example for other countries because the
perioperative guidelines are derived from international litera-
ture and guidelines as well. The PSIs are based on national
evidence-based guidelines for perioperative care, available na-
tional and international literature and expert opinions. In this
way we strove for optimal content validity. Comparable com-
bined RAND-modified Delphi techniques have proven effective
in several indicator-development initiatives.24 35 39 – 41

The PSIs can be used to monitor perioperative care as well as
changes in clinical practice, which make them indispensable
instruments within improvement programs. The strength of
this indicator set lies furthermore in pointing at the suboptimal
situation to apply them (i.e. sobering findings on measurability)
and what needs to be implemented to move hospitals into
a position where safety metrics are continuously recorded
in a reliable way. The PSIs also touch on a very important
subject that has been an ongoing focus of renowned organiza-
tions such as the National Quality Forum,42 the Anesthesia
Quality Institute43 and the Multicenter Perioperative Outcomes
Group,44 whose work is directed at the development of patient
quality and safety indicators (mainly for outcomes or AEs).

Overall, our findings indicate that the organization of peri-
operative care needs improvement to achieve better patient
safety. A considerable amount of data are not adequately
registered, so hospitals should solve their registration pro-
blems. Safety measurements need accurate and consistent
information systems and high quality data. To match the
demands of proper indicator measurement, suitable data
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Table 2 Results of both pilot tests: indicator scores and quality criteria (hospitals: n¼3 in the first pilot test, n¼5 in the second pilot test). *Good¼all hospitals (100%), Moderate¼2 or 1 out of
3 hospitals (33.3%–66.6%), Poor¼0 hospitals (0%). †Good¼all hospitals or 4 out of 5 hospitals (≥80%), Moderate¼3 or 2 out of 5 hospitals (40–60%), Poor¼0 or 1 out of 5 hospitals (0–20%).
‡The STOP-bundle is an aggregated indicator, including all stop moments in the total perioperative care path. }This indicator score is based on data of three hospitals. §This indicator score is based on
data of two hospitals. ?This indicator score is based on data of one hospital. #Percentage ‘yes’ on underlying items. **This indicator score is not provided due to measurability problems. ***In the first
pilot test, the indicators 2a and 3 were combined as one indicator ‘Protocol on antibiotics and anticoagulants’. To facilitate readability, the score of 100% is showed separately. ****This indicator was
added after the first pilot test, based on the postoperative guideline

Indicator Indicator score % (range) Measurability Applicability Improvement
potential (%)

Discriminatory
capacity (range%)

Pilot test 1 Pilot test 2 Pilot test
1*

Pilot test
2†

Pilot
test 1

Pilot
test 2

Pilot test
1

Pilot test
2

Pilot test
1

Pilot test
2

1 STOP-bundle‡ Not measured 20.2} (2.8–60) n.a. Moderate n.a. Good n.a. Good
(79.8)

n.a. Good
(57.2)I. Preoperative risk management 100 55.8} (45.6–94.4)

II. Planning of the operation Not measured 88.1§ (2.8–90.6)
III. Check of the current situation 78.6 61.5} (51.6–95.8)
IV. Time-out 87.5 83.5 (79.2–97.5)
V. Sign-out 85.7 73.2 (67.3–94.4%)
VI. Discharge from the recovery n.a. 91.5§ (91.4–91.7)
VII. Discharge from the hospital n.a. 77.8?

2A Protocol on antibiotics 100# (100–100) 100# (100–100) Good Good Good Good Poor (0) Poor (0) Poor (0) Poor (0)

2B Timely administration of
antibiotic prophylaxis

Not retrievable** 87.8} (50–95.7) Poor Moderate Good Good Unknown Good
(12.2)

Unknown Good
(45.7)

3 Protocol on anticoagulants 100***# (100–100) 50.0# (0–100) Good Good Good Good Poor (0) Good (50) Poor (0) Good
(100)

4 Protocol on responsibilities
regarding maintenance of
medical equipment

100# (100–100) 100# (100–100) Good Good Good Good Poor (0) Poor (0) Poor (0) Poor (0)

5 Protocol on prospective risk
analysis of medical equipment

Unknown 84.4# (50–100) Moderate Good Good Good Unknown Good
(15.6)

Unknown Good (50)

6 OR-regulations 73.3# (60–100) 91.4# (57.1–100) Good Good Good Good Good
(26.7)

Poor (8.6) Good (40) Good
(42.9)

7A Surveillance system for
postoperative wound infections

77.7# (33.3–100) 80.0# (33.3–100) Good Good Good Good Good
(22.3)

Good (20) Good
(66.7)

Good
(66.7)

7B Postoperative wound
infections****

n.a. Not retrievable** n.a. Moderate n.a. Good n.a. Unknown n.a. Unknown

8A A Morbidity and mortality
registration****

n.a. 60.0# (25–100) n.a. Good n.a. Good n.a. Good (40) n.a. Good (75)

8B Postoperative mortality**** n.a. Not retrievable** n.a. Moderate n.a. Good n.a. Unknown n.a. Unknown
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resources should be adapted. Prospective data registration
systems are a prerequisite for monitoring guideline adherence
and effect of improvement interventions. Some hospitals uti-
lized already electronic documentation, but access for the
purpose of data retrieval and analysis was sometimes difficult
to impossible. Any hospital considering to implement electron-
ic data systems need to evaluate the intended use and feasibil-
ity of their system. More research is necessary to further
validate the set for external use and benchmarking between
hospitals or departments.

Supplementary material
Supplementary data are available at British Journal of
Anaesthesia online.

Acknowledgements
We thank all members of the core group and expert panel that
provided input for the development of the PSIs. The authors
also acknowledge the hospitals for their participation.

Authors’ contributions
A.W., M.P., M.B. and J.S. are responsible for the design and co-
ordination of the study with comments of H.C. and Y.E. Y.E.
wrote the first draft of the manuscript and all other authors
revised this critically for important intellectual content. Y.E.
and J.S. are responsible for the data collection and data man-
agement with direct supervision and feedback from A.W.,
H.C., M.P. and M.B. All authors read and approved the final
manuscript.

Declaration of interest
The authors declare that they have no competing interests in
the past five years.

Funding
Netherlands Organization for Health Research and Develop-
ment (ZonMw) [Grant number 171103008].

References
1 Gawande AA, Thomas EJ, Zinner MJ, Brennan TA. The incidence and

nature of surgical adverse events in Colorado and Utah in 1992.
Surgery 1999; 126: 66–75

2 Kable AK, Gibberd RW, Spigelman AD. Adverse events in surgical
patients in Australia. Int J Qual Health Care 2002; 14: 269–76

3 De Vries EN, Ramrattan MA, Smorenburg SM, Gouma DJ,
Boermeester MA. The incidence and nature of in-hospital adverse
events: a systematic review. Qual Saf Health Care 2008; 17: 216–23

4 Jha AK, Prasopa-Plaizier N, Larizgoitia I, Bates DW. Patient safety re-
search: an overview of the global evidence. Qual Saf Health Care
2010; 19: 42–7

5 Walker A, Reshamwalla S, Wilson IH. Surgical safety checklists: do
they improve outcomes? Br J Anaesth 2012; 109: 47–54

6 Damen J, Hagemeijer JW, Van den Broek L, Poldermans D. [Preven-
tion of perioperative cardiac complications in non-cardiac surgery:
an evidence-based guideline]. Neth J Med 2008; 152: 2612–6

7 Langelaan M, Baines RJ, Broekens MA, et al. Monitor Zorggerela-
treerde Schade 2008. Dossieronderzoek in Nederlandse ziekenhui-
zen. [Patient files study in Dutch hospitals]. Amsterdam/Utrecht:
Report of EMGO Instituut & VUmc/NIVEL, 2010

8 Wagner C, Zegers M, de Bruijne MC. Patiëntveiligheid: onbedoelde
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