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S U M M A R Y

Background: Observing hand hygiene compliance (HHC) among non-sterile healthcare
workers (HCWs) in the operating theatre (OT) is challenging as there are no tailored
protocols or observation tools.
Aim: To develop and test a hand hygiene protocol tailored to non-sterile HCWs in the OT.
Methods: In this prospective observational study, nine hospitals in the RotterdamRijnmond region provided input on a draft protocol on hand hygiene in the OT, resulting
in a new consensus protocol for the region. An observation tool based on the protocol was
developed and tested. HHC rates with 95% confidence intervals (CI) were calculated by
type of hospital and type of HCW.
Findings: The protocol has three sections: (1) written general hand hygiene rules; (2)
written hand hygiene rules specific for anaesthesia and surgery; and (3) visual representation of the OT, divided into four hand hygiene areas. Hand hygiene should be applied
when changing area. Average HHC of 48.0% (95% CI 45.2e61.2%) was observed in OTs across
all hospitals. HHC was highest in the two specialized hospitals (64.0%, 95% CI 30.6e89.8%;
76.7%, 95% CI 62.8e84.5%) and lowest in the academic teaching hospital (23.1%, 95% CI 0.0
e45.8%). In terms of type of HCW, HHC was lowest among anaesthesiologists (31.6%, 95% CI
19.2e62.4%) and highest among OT assistants (57.4%, 95% CI 50.1e78.2%).
Conclusion: This uniform way of observing HHC in the OT enables evaluation of the
effectiveness of interventions in the OT and facilitates friendly competition. In the
Rotterdam-Rijnmond region, HHC in the OT was below 50%; this needs to be addressed,
particularly in teaching hospitals and among physicians.
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Introduction
It is well known that hand hygiene is one of the most
important measures to reduce healthcare-associated infections [1e3]. Studies investigating hand hygiene compliance
(HHC) are most frequently conducted on nursing wards in
hospitals [4]. However, HHC in other departments (e.g. operating theatres (OTs), outpatient clinics) and in other healthcare settings (e.g. nursing homes, patients’ homes) also needs
improvement [5e8]. Regarding HHC in the OT, Paul et al.
reported HHC of 1.4% pre-implementation and 37.9% 60 days
post-implementation of an intervention in a universityaffiliated hospital in the USA [9]. In comparison, baseline
HHC of 10% was observed at a university hospital in Aachen,
HHC of 40.8% was reported in a university hospital in Germany,
and overall HHC of 18% was reported in a large academic centre
in Virginia [7,10,11].
Furthermore, regardless of the department or healthcare
setting, hand hygiene observations are often performed using
the World Health Organization’s (WHO) Five Moments for Hand
Hygiene [1,2,12]. These Five Moments are the gold standard
and are, generally, easy to apply on clinical wards where there
is a clear distinction between the patient zone and the
healthcare zone [12]. The patient zone includes everything
that is attached to the patient or belongs to a specific patient,
while everything that is not patient specific is referred to as the
healthcare zone. Healthcare workers (HCWs) should apply
hand hygiene when changing from the patient zone to the
healthcare zone, and vice versa.
However, the Five Moments are also used in other settings
where it is more difficult to distinguish between the patient
zone and the healthcare zone. This distinction is, for example,
less clear for HCWs in the OT. This is because HCWs (e.g. surgeons, anaesthesiologists, anaesthesiology assistants, OT
assistants) work closely together in the OT, and use and touch
many different machines and equipment (e.g. instrument
table, sterile covered part of the patient, anaesthesia device,
patient’s bed). Furthermore, some of these machines and
equipment are sterile and some are not. Identifying hand
hygiene moments in the OT is therefore more difficult as this
depends on the type of HCW and what the HCW touches during
a procedure.
Previous studies have described different methods to
observe HHC in the OT as consensus-based protocols have not
been published to date in the international literature. Most
studies still use WHO’s Five Moments [5,7,10,11,13], but in
some studies, HHC has been investigated using survey data on
self-reported compliance, completed by OT personnel [6,14].
Jeanes et al. recorded a consultant anaesthetist during normal
work routines in the OT, while other studies observed HHC in

the OT as part of a general infection prevention and control
(IPC) observation [15e17].
Nonetheless, adequate hand hygiene in the OT by nonsterile HCWs and surgeons (performing non-sterile
actions) is of utmost importance to prevent postoperative
wound infections. Considering that patients undergoing
surgery are vulnerable to infection, exposure to infection
risks in the OT should be kept as low as possible [10,18]. As
no specific hand hygiene protocols for this group of HCWs
in the OT are available to date, the authors conducted a
study to develop and test a hand hygiene protocol tailored
to this setting.

Methods
This prospective observational study was performed
between May 2019 and March 2020, before the coronavirus
disease 2019 (COVID-19) pandemic had substantial effects in
the Netherlands. The study was performed in the RotterdamRijnmond region in the Netherlands, which consists of 15
municipalities with 1.2 million inhabitants. In the region, there
is one academic teaching hospital, two non-academic teaching
hospitals, four general hospitals, and two hospitals for care of
specific categories of patients (i.e. ophthalmology and
rehabilitation).

Phase one: development protocol (May 2019eAugust
2019)
A draft protocol ‘hand hygiene in the OT’ was formulated by
a project team consisting of an IPC specialist, an anaesthesiology assistant and also chair of the regional OT network, a
quality officer, a senior researcher and a junior researcher. In
one face-to-face meeting and via e-mail correspondence, this
project team reached consensus on necessary adaptations of a
pre-existing protocol, which was self-developed by one of the
participating hospitals in the region. The draft protocol was
subsequently approved by the members (i.e. team leaders
from OTs) of the regional OT network of the Cooperating
Rijnmond Hospitals [in Dutch, ‘stichting Samenwerkende
Rijnmond Ziekenhuizen’ (SRZ)].
This draft protocol was sent to all the hospitals in the
Rotterdam-Rijnmond region for feedback, by sending an e-mail
to all 500 members of the Association for Hygiene & Infection
Prevention in Healthcare [in Dutch, ‘vereniging voor hygiene &
infectiepreventie in de gezondheidszorg’ (VHIG)]. The VHIG is
the professional association for IPC specialists working in various fields of health care, including hospitals, nursing homes,
private clinics and public health care [19]. IPC specialists of five
hospitals provided feedback within the deadline of 2 weeks via
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track changes or remarks in the Word file. The draft protocol
was adjusted according to their suggestions, and was converted
into a shared consensus policy document for use in the
Rotterdam-Rijnmond region. Based on the protocol, an observation tool was developed to observe HHC in the OT in a uniform way.
A pilot study with the observation tool was performed at the
Erasmus MC University Medical Centre Rotterdam to achieve
optimal clarity of the descriptions and indications for hand
hygiene observations in the OT. During this pilot study, hand
hygiene was observed during four different occasions. During
the first occasion, the observer attended four procedures and
observed three different specialisms, where the observer
focused solely on the hand hygiene of the anaesthetic staff. On
the other three occasions, the observer attended four procedures and observed four different specialisms, this time
focusing solely on the hand hygiene of OT assistants performing
non-sterile actions. After the pilot period, no further adjustments were made.

Phase two: hand hygiene observation in the operating
theatre (January 2020eFebruary 2020)
The hand hygiene observations were performed in the
OTs of six hospitals. The Rotterdam-Rijnmond region consists of nine hospitals, but the planned observation could
not be performed in three hospitals due to the COVID-19
pandemic, which affected the Netherlands from February
2020.
The hand hygiene observations were performed by means
of an observation carousel, where OT personnel from one
hospital in the region performed the observation in another
hospital in the region. In this way, data were collected by
independent observers. The observed non-sterile HCWs were
surgeons (i.e. performing non-sterile actions such as leaving
the operating complex or removing personal protective
equipment), anaesthesiologists, anaesthesiology assistants
and OT assistants. Furthermore, the manager of the OT was

Box 1
General hand hygiene rules in the operating complex.
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aware of the observation date, but the members of the OT
team were not.
Before a HCW could perform the hand hygiene observation
in another hospital, they had to study the new OT protocol, and
take and pass an exam. In this exam, 20 cases and different
moments to perform or not to perform hand hygiene were
discussed (Table S1, see online supplementary material). HCWs
passed the exam when they answered 80% of the questions
correctly.

Data analysis
Hand hygiene moments were observed during different
procedures and with the involvement of different specialisms,
where a distinction was made by professional category. HHC
was calculated by dividing the number of correct hand
hygiene moments by the total number of observed hand
hygiene moments. HHC rates with 95% confidence interval (CI)
were calculated by type of hospital (i.e. academic teaching
hospital, non-academic teaching hospital, general hospital
and specialized hospital) and professional category [i.e.
physicians (surgeons, anaesthesiologists) and nurses (anaesthesiology assistants, OT assistants)]. All analyses were performed using SPSS Statistics Version 28 (IBM Corp., Armonk,
NY, USA).

Results
Phase one: development protocol
The new protocol has three sections: (1) written general
hand hygiene rules in the operating complex (Box 1); (2) written hand hygiene rules specific for anaesthesia and surgery
(Box 2); and (3) a visual representation of the OT, divided into
four hand hygiene areas (Box 3, Figure 1). Hand hygiene should
be applied when changing from one area to another. The
complete protocol is shown in Table S2 (see online supplementary material).
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Box 2
Specific hand hygiene rules for anaesthesia and surgery. OT, operating theatre; PACU, post-anaesthesia care unit; IC, intensive care.

The required conditions for performing correct hand
hygiene are that hand alcohol dispensers and doors in the
operating complex are operated with the elbow, and that there
is sufficient soap and hand alcohol present to perform hand
hygiene. Every hospital is free to choose the soap and hand
alcohol brands they prefer.

Phase two: hand hygiene observation in the operating
theatre
In total, 861 hand hygiene moments were observed during
20 procedures in six hospitals, with a median of 41 (range
15e121) hand hygiene moments per procedure. Average HHC in
OTs across all hospitals was 48.0% (95% CI 45.2e61.2%) (Table I).

HHC was highest in the two specialized hospitals (64.0%, 95% CI
30.6e89.8%; 76.7%, 95% CI 62.8e84.5%) and lowest in the
academic teaching hospital (23.1%, 95% CI 0.0e45.8%)
(Table I). Of the four types of non-sterile HCWs observed in the
OTs, average HHC was lowest among anaesthesiologists (31.6%,
95% CI 19.2e62.4%) and highest among OT assistants (57.4%,
95% CI 50.1e78.2%) (Table II). Wide variation in HHC was also
found by type of procedure, ranging from 22.9% in the case of a
scaphoid fracture to 97.4% during a breast reduction with liposuction. These data can be found in Table S3 (see online
supplementary material), and will not be discussed further in
this article as too many different specialisms were observed,
which resulted in groups that were too small to draw meaningful conclusions.
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Box 3
Four hand hygiene areas in the operating complex. HHA, hand hygiene area, OT, operating theatre.
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Figure 1. Hand hygiene areas in the operating theatre. oT, Operating theatre: HHA, hand hygiene area.
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Table I
Hand hygiene compliance by hospital
Hospital Type of hospital

A
B
C
D
E
F

Number of correct hand
hygiene moments

Academic teaching hospital
Non-academic teaching hospital
General hospital
General hospital
Specialized hospital
Specialized hospital

Total

Number of incorrect hand
hygiene moments

Total hand
hygiene
moments

Compliance (95% CI)

28
67
43
71
105
99

93
144
71
51
59
30

121
211
114
122
164
129

23.1% (0.0e45.8%)
31.8% (13.7e42.3%)
37.7% (20.8e57.3%)
58.2% (46.4e76.3%)
64.0% (30.6e89.8%)
76.7% (62.8e84.5%)

413

448

861

48.0% (45.2e61.2%)

CI, confidence interval.

Table II
Hand hygiene compliance by professional category
Professional category

Number of correct
hand hygiene moments

Number of incorrect
hand hygiene moments

Total hand hygiene
moments

Compliance (95% CI)

Physicians
Surgeonsa
Anaesthesiologists
Nurses
Anaesthesiology assistants
OT assistants

97
54
43
316
141
175

170
77
93
278
148
130

267
131
136
594
289
305

36.3% (32.9e59.6%)
41.2% (33.0e69.7%)
31.6% (19.2e62.4%)
53.2% (50.3e69.3%)
48.8% (41.7e69.6%)
57.4% (50.1e78.2%)

Total

413

448

861

48.0% (45.2e61.2%)

CI, confidence interval.
a
Surgeons performing non-sterile actions, such as entering or leaving the operating complex or removing personal protective equipment.

Discussion
This study described the development and use of a novel
hand hygiene protocol tailored to non-sterile HCWs in the OT.
HHC observed in the OT, using the protocol, was below 50%.
Furthermore, this study found indications that specialized
hospitals had higher HHC than the academic teaching hospital,
and that there were differences in HHC by type of HCW.
In this study, hand hygiene observations based on the new
uniform protocol showed an overall HHC of 48%. HHC in this
study was higher than that reported in other studies on HHC in
the OT. However, HHC reported in these studies varies widely
from 1.4% to 55%, and is difficult to interpret or compare
due to the lack of a good uniform observation method
[5,7,10,11,20e23].
In contrast to WHO’s Five Moments [12], which are often
used to observe HHC in the OT, the specific work routines of the
different HCWs in the OT were included in this study. This
resulted in a tailor-made hand hygiene observation method for
use in the OT. Moreover, as the specific working routines were
included in the protocol, it was possible to compare the HHC of
different professional groups in the OT. Megeus et al. showed
that the working conditions of HCWs in the OT are often complex, stressful, and change rapidly with production pressure
[20]. These working conditions and the HCWs’ perception of
limited time for preventive measures can lead to noncompliance [7]. Therefore, one-to-one translation of WHO’s
Five Moments to the OT is not ideal, and a tailor-made protocol
could be useful to improve HHC in this setting.

This study showed that HHC in the OT was lowest in the
academic teaching hospital (i.e. 23.1%). To the authors’
knowledge, there are no other studies on HHC in the OT where
a clear distinction or comparison is made between clinical
settings (e.g. teaching hospital, general hospital etc.). This
makes it difficult to compare the found results. However, HHC
of 23.1% in an academic teaching hospital could be of concern,
and may indicate that academic teaching hospitals are currently not the best environment to instruct medical students
about proper hand hygiene behaviour. Erasmus et al. showed
the importance of good role models for final year medical
students in order to teach them the right patient safety
behaviours and habits, such as hand hygiene [24]. The low HHC
in academic teaching hospitals may also be a result of frequent changes within OT teams. As medical students often
attend a specific ward for a short period of time, it may be
difficult to create a good safety culture where poor HHC is
addressed.
Furthermore, this study showed that the HHC of physicians
was lower than that of nurses, which is in line with previous
studies in both OTs and on clinical wards [3,4,25,26]. More
attention to IPC, including hand hygiene behaviour, in the
curriculum of medical students could be an opportunity to
close the gap between physicians and nurses. Megeus et al.
stratified HHC in the OT by profession, and reported that HHC
was lowest among surgeons/instrument nurses (4.3%) and
highest among nursing assistants (8.6%) [20]. Although surgeons showed low HHC in the present study, it was still
considerably higher (41.2%) compared with the study of
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Megeus et al. [20]. However, Megeus et al. did not include
Moments 1, 3 and 4 in the reported HHC per professional
category [20]. On the other hand, Baier et al. [11] reported
HHC of 38.5% for physicians, which is more in line with the
36.3% found in the present study. As for nurses, Baier et al.
[11] reported HHC of 42.9%, compared with a HHC of 53.2% in
the present study.

Strengths and limitations
This study has a number of strengths and limitations.
First, the protocol enables uniform hand hygiene observations across different hospitals, tailored to non-sterile HCWs
in the OT. This will give insight into HHC in the OT, and also
makes it clear which non-sterile HCWs or specialisms in the
OT need extra attention from the IPC department. Furthermore, using a uniform protocol in the region enables
comparison of HHC between hospitals, which could lead to
friendly competition. Van Dijk et al. showed that friendly
competition could lead to an increase in HHC on clinical
wards, which could promise a comparable effect in the OT
[27]. Secondly, Moghri et al. reported that HCWs often work
in more than one hospital [28]. A disadvantage of working in
multiple hospitals is that hospitals could have different IPC
policies. Not remembering the specific IPC guidelines of a
hospital could possibly result in non-compliance with hand
hygiene guidelines [6]. As the uniform HHC protocol has
been approved and implemented by all hospitals in the
Rotterdam-Rijnmond region, this overcomes the abovementioned issue. A third strength of this study is that
HCWs had to pass an exam before they were allowed to
perform the observations in another hospital. This ensured
the quality and reliability of the observations. Also, as HCWs
did not perform the observations in their own hospitals, and
as the observations were unannounced, the independent
nature of the observation was ensured.
A major limitation of this study was the influence of COVID19. First, in January and February 2020, hospitals were
already paying extra attention to IPC due to the possible
threat of COVID-19. This, and the possibility of the Hawthorne
effect, could have influenced the hand hygiene behaviour of
HCWs, and may have resulted in overestimation of actual HHC
in the OT. Secondly, due to COVID-19, it was not possible to
include three hospitals in this study, which reduced the
number of hand hygiene moments observed and the power of
the study. A third limitation is that both the consensus period
for the development of the protocol, and the actual hand
hygiene observations were only performed in one region in
one country. This could make translation of the protocol to
other regions and countries challenging. However, as almost
all observations in OTs nowadays are still performed using
WHO’s Five Moments for Hand Hygiene, the authors believe
that their protocol and observation tool could be a valuable
addition to the existing literature. Finally, due to COVID-19, it
was not possible to perform a second hand hygiene observation after the new protocol was implemented in all online
learning systems of the participating hospitals. As the authors
chose to not present pre-protocol data, due to non-uniform
observation methods in the hospitals, it is difficult to show the
actual effect of the new protocol on HHC in the OT. However,
as overall HHC in the OT was low (48%), there is room for
improvement.
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In this study, a new hand hygiene protocol, tailored to nonsterile HCWs in the OT, was developed and tested. The new
protocol was used successfully during hand hygiene observations in the OT. These observations showed that, in general,
HHC in the OT can be improved, and that there were indications of differences between types of hospitals and types of
HCWs. The use of a shared uniform protocol to perform hand
hygiene observations facilitates the comparison of HHC of
different hospitals, and enables friendly competition to stimulate improvements.
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