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Abstract
Background: More knowledge is needed about task intensity in relation to hand hygiene in the operating room
during anesthetic care in order to choose effective improvement strategies. The aim of this study was to explore
the indications and occurrence of hand hygiene opportunities and the adherence to hand hygiene guidelines
during routine anesthetic care in the operating room.
Methods: Structured observational data on hand hygiene during anesthetic care during 94 surgical procedures was
collected using the World Health Organization’s observational tool in a surgical department consisting of 16 operating
rooms serving different surgical specialties such as orthopedic, gynecological, urological and general surgery.
Results: A total of 2,393 opportunities for hand hygiene was recorded. The number of hand hygiene opportunities
when measured during full-length surgeries was mean = 10.9/hour, SD 6.1 with an overall adherence of 8.1%. The
corresponding numbers for the induction phase were, mean =77.5/h, SD 27.4 with an associated 3.1% adherence to
hand hygiene guidelines. Lowest adherence was observed during the induction phase before an aseptic task (2.2%)
and highest during full-length surgeries after body fluid exposure (15.9%).
Conclusions: There is compelling evidence for low adherence to hand hygiene guidelines in the operating room and
thus an urgent need for effective improvement strategies. The conclusion of this study is that any such strategy should
include education and practical training in terms of how to carry out hand hygiene and aseptic techniques and how to
use gloves correctly. Moreover it appears to be essential to optimize the work processes in order to reduce the number of
avoidable hand hygiene opportunities thereby enhancing the possibilities for adequate use of HH during anesthetic care.

Background
Hospital-acquired infections (HAI) are one of the greatest
challenges of modern healthcare. They cause unnecessary
patient suffering [1,2] and increase the risks for morbidity
and mortality [3,4]. In addition, HAI lead to prolonged
hospital stays and increased costs [5] at a time when most
healthcare systems are struggling with limited resources.
HAI contribute to the increased use, overuse and misuse
of antibiotics and thereby promote the development of
antimicrobial resistance (AMR) [6,7]. The rapid development of AMR poses a global threat to human health
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as antimicrobials for treating HAI have become an endangered resource [8]. Hand hygiene (HH) has been recognized as one of the most important and cost-effective
measures to prevent HAI, and the introduction of the
alcohol-based hand rub has facilitated the adoption of HH
practice at the point of care [9-11]. A systematic review of
HH in intensive care units (ICU) and general wards
showed a mean compliance rate of 40%, and the lowest
compliance rates were found in ICUs and among physicians [12]. Factors reported by healthcare professionals
that are associated with non-adherence in general
wards are: high workload, insufficient time, inaccessibility of HH products, skin irritation, HH not being a prioritized task, forgetfulness, lack of scientific information
and skepticism concerning the importance of HH [13,14].
The World Health Organization (WHO) has produced
evidence-based guidelines on HH in healthcare [15]. A

© 2015 Megeus et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Megeus et al. Antimicrobial Resistance and Infection Control (2015) 4:5

Page 2 of 8

standardized observational method [16] has been developed
along with a conceptual framework “My five moments
for hand hygiene” that links and explains scientific evidence to HH recommendations in a user-friendly way.
These guidelines have been developed as tool to understand, train, monitor and report HH [17] and can be used
as part of implementation strategies aimed at improving
HH practice.
When initiating data collection for the present study
in 2012, only very few clinical studies had been published
in terms of the implementation of HH in the operating
room (OR) setting [18-20]. The data showed low adherence, 2 -18% to HH guidelines and relatively high numbers
of opportunities for HH 35-41/h during anesthetic care were
reported [18]. Moreover, a series of studies by Loftus et al.
identified the hands of anesthesia providers as vectors
of cross-transmission between equipment within the
anesthesia work area and the patients’ medical devices
[3,21,22]. During the last years there has been an increased
interest in studying and reporting HH practice in the OR
and in particular during anesthetic care [23,24]. Other
studies have focused more on environmental contaminations in the OR and cleaning practices [25] and have
investigated the frequency of hand to surface contacts
in the anesthesia work area. These studies found high
numbers of environmental interactions in combination
with few so-called HH events [26,27].
In order to select effective improvement strategies, more
knowledge is needed about task intensity in relation to
HH practice and the relationship to HH indications and
opportunities as they occur in the OR during routine
anesthetic care. Thus, the aim of this study was to explore
and describe the indications and occurrence of hand
hygiene opportunities (HHOs) and the adherence to
Swedish national HH guidelines [28] during routine
anesthetic care in the OR.

mandatory instructions are in line with the Swedish national guidelines produced by the Swedish National Board
of Health and Welfare’s [28] regulations on basic hygiene,
(see list below) as well as the World Health Organization
Guidelines on Hand Hygiene in Health Care [15].
The Swedish National Board of Health and Welfare’s
regulations on basic hygiene in healthcare

“In conjunction with examinations, care and treatment
or any other direct contact with patients, healthcare and
medical staff must observe the following in order to limit
the risk of care-related infections:
 Working clothes must have short sleeves.
 Working clothes must be changed every day and

more frequently if necessary.
 Hands and forearms must be free from watches and

jewelry.
 Hands must be disinfected with an alcohol-based










Methods
Setting

The study was set in a general hospital in west Sweden
with 460 in-patient beds and performing approximately
9,970 surgeries/year. The surgical department consisted
of 16 ORs and served different surgical specialties including orthopedic, gynecological, urological and general
surgery. The ORs are of varying sizes but interiorly of
similar design. Each OR has two dispensers of alcoholbased hand rub. One of them is situated on the side of
the drug trolley close by the anesthesia machine and the
other is attached to the wall near a computer used by
the OR nurses and nursing assistants. Disposable gloves
are available close to the workstation. In the preoperative
center, dispensers of alcohol-based hand rub are situated
on the wall at every bedside. The department has written
HH guidelines available on the hospital’s intranet. These



hand rub, or some other agent with the corresponding
effect, immediately before and after every direct
contact with a patient.
Hands must be disinfected both before and after
using gloves.
If they are visibly dirty, hands must be washed with
water and liquid soap before being disinfected.
When caring for a patient with gastroenteritis, hands
must always be washed with water and liquid soap
before being disinfected.
Hands that have been washed must always be dry
before being disinfected.
A disposable apron made of plastic or a protective
coat must be used if there is a risk that working
clothes will come into contact with bodily fluids or
any other biological material.
Protective disposable gloves must be used in the event
of contact with or the risk of contact with bodily
fluids or any other biological material.
Protective gloves must be removed directly after a
working procedure and replaced between different
working procedures [28]”. Author translation.

At the study site, the adherence to HH is monitored
on a regular basis every month using self-reported data
in combination with direct observations executed by the
ward manager as apart of the hospital’s quality improvement program.
Sample

Staff working on the ward included nurse anesthetists,
instrument nurses, nursing assistants, anesthesiologists,
surgeons and students. All members of these categories
were observed if actively taking part in anesthetic care
procedure.
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Data collection

Opportunities and indications for and practice of HH
during anesthetic care were monitored using a modified
version of the WHO’s HH observational method [16].
The modification consisted of the additional recording
of the type of indication for HH and detailed information on glove use. The protocol has been tested and used
in a previous study set in the OR [20]. An HH action
was defined as the use of an alcohol-based hand rub in
relation to an HHO. The amount of product used and
the duration of application were not recorded. An HH
indication is defined as the reason for why the hand hygiene action is required at a specific point of care and is
synonymous with ” a moment” as in “My five moments
for hand hygiene” [17] see Table 1. An HH opportunity
is the time span between two risk-prone hand-surface
contacts when one or more of the five indications/
moments 1–5 apply [16].
One trained observer (VM), a registered nurse specialized in perioperative nursing carried out all observations.
The observer had no prior connection to the study site.
The observer was trained by one of the senior authors
(AEA). The training sessions included studies of the
WHO manual and reviews of the evidence base for HH.
The training sessions were set in another hospital and
were not included in the study in order to allow free discussions between the trainer and the trainee. During the
training session inter-rater concordance was assessed.
Using a single observer meant that it was necessary to
select the items that were going to be observed, as one
observer cannot manage comprehensive observations including all the HHOs that occur in the OR. The decision
was taken to prioritize observations of opportunities for
HH in relation to aseptic tasks during anesthetic care as
these procedures are considered to be risk-prone [29]. In
addition, observations of the risk of hand transmission
of microorganisms were recorded. For example, if after
manipulation of the airway, no HH was carried out and
the health professional subsequently touched a clean site
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such as stopcocks, this was recorded as a risk for transmission of microorganisms as well as missed HHOs.
To avoid selection bias, the ORs to be observed were
randomly selected (“picking from a hat”) each morning.
The observations were initiated when the anesthesia providers started to prepare for the coming procedures. When
the patients arrived at the study site they were prepared at
a preoperative center before being admitted to the OR. On
some occasions the patients received intravenous lines
as well as regional anesthesia in the preoperative center,
hence three observational sessions took place at the
preoperative center. The OR staff were aware of being
observed for a patient safety study, without knowing
however which specific items were of interest.
Initial data assessments of the 43 full-length operations
showed that task intensity was highest during the induction phase in contrast to the maintenance phase. For this
reason, the following 51 observational sessions were dedicated to the induction phase. The original observational
protocol included only invasive aseptic procedures. The
following 51 observational sessions also included recordings of HHOs in relation to activities 1, 4 and 5 according
to WHO “My five moments for hand hygiene”. The observations of the induction phase were limited to the period
between the patient’s arrival in the OR to the anesthesiaready time after completed induction. The maintenance
phase was defined as the period starting from anesthesiaready time to the end of surgery/wound closure.

Data and statistical analysis

Adherence to guidelines was calculated by dividing the
number of HH actions by the total number of opportunities. An opportunity was defined as a situation requiring
hand disinfection. Adherence and the occurrence of HHOs
were stratified by professional category and indication. The
HHOs were analyzed and categorized according to “My
five moments for hand hygiene”. Data was analyzed by descriptive statistics. All analyses were carried out with IBM

Table 1 A short description of the content of “My five moments for hand hygiene” and one example given within
brackets
Moment Descriptions
1

Before patient contact (touching the door handle and then shaking the patient’s hand). Typically this moment for HH occurs between the last
hand-surface contact with an object belonging to the so-called healthcare zone and the first within the patient zone.

2

Before an aseptic task (manipulating or inserting a venous access line). This moment might occur after touching the patient’s intact skin. HH
at this moment aims at preventing colonization and HAI. For some aseptic procedures glove use is indicated, and in those cases HH is required
before donning the gloves.

3

After body fluid exposure risk (inserting an intravenous catheter and then preparing a syringe). Protective gloves must be used when there is
a risk for contamination of hands with body fluids. Gloves must be removed and HH carried out before proceeding with, after, and/or between
different work procedures.

4

After patient contact (after shaking the patient’s hand and then touching the computer keyboard). This HH action will reduce the risk of
dissemination to the healthcare environment and occurs when moving from the patient zone to the healthcare zone.

5

After contact with patient surroundings (after touching the patient’s bed linen and then touching the door handle) This moment is a variant
of moment 4 and HH is implemented for the same reasons.
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SPSS Statistics for Windows, Version 21.0 (SPSS IBM,
New York, USA).
Ethical approval

The study was approved by the Regional Ethics Review
Board in Gothenburg, Sweden. (Dnr: 157–10). Participants were given both oral and written information in
line with the four principal requirements of the Helsinki
Declaration: autonomy, non-malfeasance, beneficence,
and justice [30]. Informed consent was obtained from
the ward manager prior to observation.

Results
Data on HH in relation to anesthetic care was collected
during 94 surgical procedures (both elective and acute
surgery) and three observation sessions in the preoperative
center between 2012 and 2013, periodically, on weekdays
during daytime. A total of 2,393 HHOs were recorded
during 6,000 minutes (min). The observational sessions in
the preoperative center included in all 210 min. The average length of observational session/induction phases was
23.6 min, SD 9.5, range: 5–44 and 110.8 min/full-length
operations, SD 54.5. The average length of surgery was 50
min, SD 41.6, range: 5–210 min.
The mean (m) number of HHOs/full-length operations
was m = 10.9/h, SD 6.1, (95% CI 9.1-12.9), range: 2.9- 34.0
with an associated 8.4% adherence to HH guidelines. The
corresponding figures for the induction phase were: m =
77.5/h, SD 27.4, (95% CI 69.8- 85.2), range: 21–180 with
an associated 3.1% adherence to HH guidelines.
The overall adherence to HH guidelines was 5.3%.
Table 2 illustrates the adherence to HH guidelines per
observed type of surgery and type of anesthesia.
As can be seen in Table 3, HH was more common
after a procedure than prior to one, including after clean
procedures where HH is not required.
The distribution of HHO in relation to professional
category is shown in Table 4. In Table 5 the observed
opportunities during the induction phase and full-length
observations and at the preoperative center are categorized according to the WHO conceptual framework “My
five moments of hand hygiene”.
Disposable glove use

Glove use was indicated in relation to 249 care procedures. Failure to use gloves when indicated was observed
in 107 (43%) cases, occurring mostly in relation to the
insertion of venous lines (50.5%) and respiratory care
(39.3%).
Disposable gloves were used in relation to 242 care
procedures. Out of these, 34.3% were clean or sterile before use, and in 65.7% the gloves had already been used
and were contaminated. In 76 cases gloves were used
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Table 2 2,393 hand hygiene opportunities per type of
surgery and type of anesthesia and the adherence to
hand hygiene guidelines (%)
Type of surgery

Observed hand hygiene
opportunities

Adherence to HH
guidelines (n)%

General surgery

1,256

(59) 4.7

Orthopedic surgery

507

(36) 7.1

Pediatric

112

(3) 2.7

Urology

221

(7) 3.2

Gynecology

165

(8) 4.8

Preoperative center

132

(13) 9.8

Type of Anesthesia

Observed hand hygiene
opportunities

(n)%

General anesthesia

1,862

(89) 4.8

Regional anesthesia

360

(21) 6.1

Sedation

39

(1) 2.6

Missing*

132

*HH opportunities observed in the preoperative center.

without reason and 68 of these cases the gloves had
already been used and contaminated.

Discussion
The present study is one of few [18,23,24] that in detail
assess and quantify the practice of HH, i.e. indications
and opportunities for HH during routine anesthetic care.
The overall adherence to HH guidelines was found to be
very low (5.3%) in combination with a high number of
HHOs. This relationship between high workload, riskprone care procedures and low adherence to HH has
previously been established by Pittet et al. [31]. Our study
showed that the fluctuation of HHOs during the course of
the surgery was substantial. During the induction phase
the HHOs occurred in an intensive manner (m = 77.5/h),
one HHO tightly followed by the next and this within a
relatively short timespan (m = 23.6 min/induction phase),
this in contrast to when measured during full-length operations (n = 10.6 HHO/h). In comparison with Biddle and
Shah [18] reporting 34–44 HHO/h with peaks up to 54
HHO/h, the present study showed much higher rates of
HHOs. Inadequate work processes can partly explain this,
as more persons than necessary participated in several
care procedures creating avoidable HHOs. Moreover, the
frequent interruptions when carrying out aseptic procedures lead to recontamination of the hands or gloves as
well as several avoidable HHOs during the course of a
care-sequence. These results are similar to those reported
by Scheithauer et al. [23]. It is important to remember that
the HHOs are reported on an aggregated group level. In
reality this would mean that during an induction phase of
24 min, 30 HHOs were created on average. With a team
consisting of 1 anesthesiologist, 1 nurse anesthetist and 1
circulating nurse working together, this being the most
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Table 3 The number of opportunities (n) for hand hygiene in relation to different care procedures and the adherence
(%) to hand hygiene guidelines before and after the procedure
Type of indication and observed hand hygiene

Adherence to HH guidelines n (%)

Opportunities before and after (n)

Before

After

Administration of intravenous injection, insertion and manipulation of venous or
arterial/central lines (n = 470)

16 (3.4)

42 (8.9)

Respiratory care, intubation or laryngeal mask (n = 135)

3 (2.2)

21 (15.6)

Regional anesthesia (n = 41)

1 (2.4)

3 (7.3)

Urinary tract catheterization (n = 11)

1 (9.1)

6 (54.4)

Preparation of intravenous injections and handling sterile products (n = 325)*

12 (3.4)

13 (3.7)

Before and after patient contact (n = 727)

21 (2.8)

Total (n = 2,393)

5.3%

*HH implemented after aseptic task, when not required by guidelines.

HH behavior in the healthcare setting, based on the Theory
of Planned Behavior; inherent and elective behavior. Inherent hand washing is a learnt behavior from childhood, with
the aim of protecting oneself from “bad” germs. This is
carried out as a ritual or after feeling the urge based
on physical or emotional reasons. Elective hand washing is implemented in the healthcare setting and covers
all other HH actions. This behavior is not triggered by
a sense of need for HH, for example after holding the
hand on the patient's intact skin. The results from the
present study suggest that OR staff predominantly
(when at all) implement HH based on inherent behavior
rather than in relation to evidence for good HH practice.
Previous studies in the OR have presented adherence
rates between 2% and 18% [18-20]. Some of these results
are not directly comparable with the present study due
to differences in methodology; however, a common denominator is the consistent reporting of low adherence
to HH routines in the OR setting. Interestingly, the
ward’s own data on HH based on the staff’s self-reported
adherence during the study period was 73.2%, and the
point prevalence measurement made by the manager
of the ward showed a 57.5% overall adherence to HH
guidelines. This discrepancy once again raises questions concerning the usefulness of self-reported data
[36] and indicator-based strategies that can lead to a
perceived pressure to report increased rates [37,38]. As
Larson has stated “Falsely high reported rates of hand
hygiene will undermine incentives to make real, sustainable change” [37].

common scenario, the result would be an average of 10
HHOs per induction phase/person.
HHOs occurred most frequently in relation to aseptic/
clean tasks, and the adherence rates observed at the preoperative center (7.3%) and during the induction phase
(2.2%) and full-length operations (3.5%) were very low.
Implementing HH prior to an aseptic task and the use
of aseptic techniques protect the patients from transmission of microorganisms between different body sites and
from contaminated surfaces [32] via the hands of the staff.
Breaks in the aseptic techniques as seen in the present
study can result in contamination of stopcocks, hubs,
catheters and intravenous drugs, thereby increasing the
risks for bacteremia and mortality [29,33,34].
The adherence to HH was found to differ between surgical specialities. The highest rate was associated with
orthopedic surgery (7.1%) and lowest with pediatric care
(2.7%). The higher adherence rates during orthopedic
surgery might be a reflection of the special safety culture
associated with this type of surgery. We observed that in
contrast to general and pediatric surgery, orthopedic surgery generated extended infection-preventive measures
such as staff wearing special surgical dress, and that the
door into the OR was kept locked during surgery.
Differences in HH practice were also found between
procedures. Highest adherence was recorded after urinary
tract catheterization and lowest before spinal anesthesia
and respiratory care. In line with other studies [20], HH in
the present study was more common after than before a
care procedure. Whitby et al. [35] describe two types of

Table 4 The number (n) of opportunities for hand hygiene stratified by profession and overall adherence (%) to hand
hygiene guidelines
Profession

Nursing assistant

Nurse anesthetist

Anesthesiologist

Surgeon/instrument nurse*

Student

Total

n (%)

105 (6.3)

1,290 (77.4)

191 (11.5)

23(1.4)

57 (3.4)

1,666

Overall adherence

(8.6)

(5.5)

(7.9)

(4.3)

(15.8)

Missing
1

= Data on professional category is missing for moment 1,3 and 4, e.g. before and after patient contact and surrounding.
*Non-scrubbed surgeons and instrument nurses.

(6.3)
7271
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Table 5 Hygiene opportunities (n) and adherence (%) during different observations, categorized by “My five moments
for hand hygiene”
Opportunities for hand hygiene

Full length operations

Induction phase

Preoperative center

n

n

%

n

371

2.2

%

Sum

%
371

1

Before patient contact

2

Before aseptic task

482

3.5

445

2.2

82

7.3

1,009

3

After body fluid exposure

308

15.9

287

5.2

48

14.6

643

4&5

After contact with patient or the patient surroundings

9

-

359

3.6

2

-

370

Total

799

8.4

1,462

3.1

132

9.8

2,393

Gloves were sometimes used instead of HH and when
HH was implemented this often occurred in an inconsistent way, for example when not required. Thus both
under-use and over-use of gloves were observed, which
might reflect poor understanding of when glove use is
indicated, but could also be a result of the socialization
process and peer pressure [39]. It has been suggested
that using double gloves could reduce the environmental
contamination in the anesthetic work area during the
induction phase [40]. Since glove use previously and repeatedly has been associated with non-adherence to
hand hygiene guidelines [39,41-43] this does not appear
to be an optimal method. The risk of transmitting microorganisms via double-gloved hands is just as high as via
single or ungloved contaminated hands, i.e. if the gloves
are not removed directly after for instance intubation.
It is important to highlight that patients in the OR are
in a very vulnerable situation. Due to sedation and medical
conditions they are not in a position to protect themselves
from harmful events, which means that we have a protective responsibility. However, “blame and shame” have not
proved to be effective means to improve safety [44]. We
believe that understanding the premises for patient safety
and how the work is actually carried out during routine
anesthetic procedures, as reported in our study, can provide useful information when planning interventions. Even
if there exists an extensive body of knowledge on hand hygiene in different healthcare setting these findings may not
be applicable to the OR setting. For instance, Steed et al.
[45] reported an average of 5.03 HHOs/bed hour for
critical/intermediate care in emergency departments and
1.84 in general emergency departments, results later confirmed in a validation study [46]. Interventions to change
HH practice have frequently been based on educational
approaches, audits, feedback and the use of reminders
that have produced short-term, modest effects [47].
Munoz-Price et al. opine that applying My five moments
for HH in the OR is impossible and suggest that instead
of using HH in relation to a specific indication, anesthesia
providers should perform HH every 5 or 10 minutes in
order not to interfere with anesthesiologist’s work flow
[27]. With this approach there is an unfortunate move
away from the scientific basis on which adequate HH

practice is grounded [29]. This practice can not be recommended if the main goal is to protect the patient
and the medical devices from being inoculated with potentially pathogenic microorganisms. A Cochrane review concluded that the quality of interventions studies
intended to enhance HH practice is poor and that an
urgent need exists for methodologically robust implementation studies [48]. More recently, some interesting
studies have been published with well-described methodological approaches, such as cluster randomization and
theory-based interventions [13,49-52]. Scheithauer et al.
[23] have demonstrated that by standardizing work processes the number of HHOs could be reduced and that in
combination with education and feedback, HH adherence
increased from 10 to 55%. It is possible that in order to
create sustainable changes it is necessary to understand
HH practice in relation to the broader context of the OR
work which is complex and sometimes stressful with rapidly changing conditions in combination with production
pressure. Providing safe administration of anesthesia requires vigilance, instant decision-making and the ability to
prioritize and handle multiple tasks [53-55] and the work
of a single provider is framed and sometimes conditioned
by the system in which he/she works [56]. Further studies
are required in order to understand the prerequisites for
an optimal use of HH during anesthetic care as well as effective implementation strategies.
We recognize that the present study has important limitations. The change of method can be seen as a limitation,
e.g. after observation of HHOs during 43 full-length operations, when we focused instead on the induction phase
and also included HH opportunities 1) before patient
contact, 2) after patient contact and 3) after contact with
patient surroundings in concordance with My five moments for hand hygiene. However, this approach gave us
the opportunity to describe in detail the task-intensive induction phase. In order to allow for the single observer to
remain concentrated the observational session was shortened. The problem when using a single observer is the
human limitations when it comes to observing HHOs
occurring simultaneously; thus the observer was instructed
to concentrate on the aseptic tasks in conflicting situations.
Two observers would produce more reliable data but
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possibly also increase the Hawthorn effect; however every
extra person entering the OR will influence the air quality
negatively [57,58], and therefore this was not a valid
option.
To minimize the Hawthorne effect the observations were
carried out over a longer time period allowing the participants to become used to the observer and the observational situation [59].
The occurrence of HHO and HH practice can vary
depending on the time of the day [31,46]. Based on the
present study we cannot comment on possible differences over the day, since the present study was carried
out during office hours. We used the WHO observation
method, as this facilitates comparison between studies.
The method is comprehensive and covers more HHOs
than other methods that usually measure HH only before
and after a procedure [60]. This becomes evident when we
change from observing before and after a procedure to including all “My five moments for hand hygiene”. Indeed
we found that this method worked very well and gave an
accurate picture of the occurrence of opportunities for
HH during anesthetic care.

Conclusions
The present study demonstrates that there is compelling
evidence for a low adherence to HH guidelines in the
OR setting and thus an urgent need for effective improvement strategies. One of the main problems observed
was the lack of aseptic techniques during risk-prone invasive procedures, resulting in several avoidable HHOs. We
draw the conclusion that any implementation strategy
should include education and practical training on how to
implement aseptic techniques and the use of gloves during
the induction phase thereby enhancing the possibilities for
more appropriate use of HH during anesthetic care.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Study design: AEA, JK, BE, KN, VM. Data collection: VM. Data analysis: VM,
AEA. Drafting manuscript: VM, KN, BE, JK, AEA. All authors read and approved
the final manuscript.
Acknowledgements
This study has been funded by the Regional Research Fund of West Sweden.
We would like to thank the staff and leaders of Skövde surgical department
and Dr. Telmo Ramos for support and participation.
Author details
1
The Sahlgrenska Academy, Institute of Health and Care Sciences, University
of Gothenburg, Box 457, 405 30 Gothenburg, Sweden. 2Department of
Anesthesia, Surgery and Intensive Care, Sahlgrenska University Hospital/Östra,
Diagnosvägen 11, 416 85 Gothenburg, Sweden. 3Department of Orthopedics,
Sahlgrenska Academy, Sahlgrenska University Hospital, 413 45 Gothenburg,
Sweden. 4The Sahlgrenska Academy, Institute of Clinical Sciences, University
of Gothenburg, Gothenburg, Sweden. 5The Swedish Institute for Health
Science, Lund, Sweden.

Page 7 of 8

Received: 11 July 2014 Accepted: 6 January 2015

References
1. Andersson AE, Bergh I, Karlsson J, Nilsson K. Patients’ experiences of
acquiring a deep surgical site infection: an interview study. Am J Infect
Control. 2010;38:711–7.
2. Tanner J, Padley W, Davey S, Murphy K, Brown B. Patients’ experiences of
surgical site infection. J Infect Prev. 2012;13:164–8.
3. Loftus RW, Koff MD, Burchman CC, Schwartzman JD, Thorum V, Read ME,
et al. Transmission of pathogenic bacterial organisms in the anesthesia work
area. Anesthesiology. 2008;109:399–407.
4. Eggimann P, Sax H, Pittet D. Catheter-related infections. Microbes Infect.
2004;6:1033–42.
5. Cosgrove SE. The relationship between antimicrobial resistance and patient
outcomes: mortality, length of hospital stay, and health care costs. Clin
Infect Dis. 2006;42 Suppl 2:82–9.
6. Barber M, Rozwadowska-Dowzenko M. Infection by penicillin-resistant
staphylococci. Lancet. 1948;2:641–4.
7. Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle M. A systematic review
and meta-analysis of the effects of antibiotic consumption on antibiotic
resistance. BMC Infect Dis. 2014;14:13.
8. Huttner A, Harbarth S, Carlet J, Cosgrove S, Goossens H, Holmes A, et al.
Antimicrobial resistance: a global view from the 2013 World HealthcareAssociated Infections Forum. Antimicrob Resist Infect Control. 2013;2:31.
9. Pittet D, Hugonnet S, Harbarth S, Mourouga P, Sauvan V, Touveneau S, et al.
Effectiveness of a hospital-wide programme to improve compliance
with hand hygiene: Infection Control Programme. Lancet.
2000;356:1307–12.
10. Huang YC, Lien RI, Su LH, Chou YH, Lin TY. Successful control of methicillinresistant Staphylococcus aureus in endemic neonatal intensive care units-A
7-year campaign. PLoS ONE. 2011;6:23001.
11. Munoz-Price LS, Patel Z, Banks S, Arheart K, Eber S, Lubarsky DA, et al.
Randomized crossover study evaluating the effect of a hand sanitizer
dispenser on the frequency of hand hygiene among anesthesiology staff in
the operating room. Infect Control Hosp Epidemiol. 2014;35:717–20.
12. Erasmus V, Daha TJ, Brug H, Richardus JH, Behrendt MD, Vos MC, et al.
Systematic review of studies on compliance with hand hygiene guidelines
in hospital care. Infect Control Hosp Epidemiol. 2010;31:283–94.
13. Fuller C, Besser S, Savage J, McAteer J, Stone S, Michie S. Application of a
theoretical framework for behavior change to hospital workers' real-time
explanations for noncompliance with hand hygiene guidelines. Am J Infect
Control. 2014;42:106–10.
14. Pittet D. Compliance with hand disinfection and its impact on hospital-acquired
infections. J Hosp Infect. 2001;48(Suppl A):40–6.
15. Pittet D, Allegranzi B, Boyce J. The World Health Organization guidelines on
hand hygiene in health care and their consensus recommendations. Infect
Control Hosp Epidemiol. 2009;30:611–22.
16. Sax H, Allegranzi B, Chraiti MN, Boyce J, Larson E, Pittet D. The World Health
Organization hand hygiene observation method. Am J Infect Control.
2009;37:827–34.
17. Sax H, Allegranzi B, Uckay I, Larson E, Boyce J, Pittet D. 'My five moments for
hand hygiene': a user-centred design approach to understand, train, monitor
and report hand hygiene. J Hosp Infect. 2007;67:9–21.
18. Biddle C, Shah J. Quantification of anesthesia providers' hand hygiene in a
busy metropolitan operating room: what would Semmelweis think? Am J
Infect Control. 2012;40:756–9.
19. Krediet AC, Kalkman CJ, Bonten MJ, Gigengack ACM, Barach P. Hand-hygiene
practices in the operating theatre: an observational study. Br J Anaesth.
2011;107:553–8.
20. Andersson AE, Bergh I, Karlsson J, Eriksson BI, Nilsson K. The application of
evidence-based measures to reduce surgical site infections during orthopedic
surgery - report of a single-center experience in Sweden. Patient Saf Surg.
2012;6:11.
21. Loftus RW, Brown JR, Koff MD, Reddy S, Heard SO, Patel HM, et al. Multiple
reservoirs contribute to intraoperative bacterial transmission. Anesth Analg.
2012;114:1236–48.
22. Loftus RW, Muffly MK, Brown JR, Beach ML, Koff MD, Corwin HL, et al.
Hand contamination of anesthesia providers is an important risk factor
for intraoperative bacterial transmission. Anesth Analg. 2011;112:98–105.

Megeus et al. Antimicrobial Resistance and Infection Control (2015) 4:5

Page 8 of 8

23. Scheithauer S, Rosarius A, Rex S, Post P, Heisel H, Krizanovic V, et al.
Improving hand hygiene compliance in the anesthesia working room work
area: more than just more hand rubs. Am J Infect Control. 2013;41:1001–6.
24. Rowlands J, Yeager MP, Beach M, Patel HM, Huysman BC, Loftus RW. Video
observation to map hand contact and bacterial transmission in operating
rooms. Am J Infect Control. 2014;42:698–701.
25. Munoz-Price LS, Birnbach DJ, Lubarsky DA, Arheart KL, Fajardo-Aquino Y,
Rosalsky M, et al. Decreasing operating room environmental pathogen
contamination through improved cleaning practice. Infect Control Hosp
Epidemiol. 2012;33:897–904.
26. Munoz-Price LS, Lubarsky DA, Arheart KL, Prado G, Cleary T, Fajardo-Aquino
Y, et al. Interactions between anesthesiologists and the environment while
providing anesthesia care in the operating room. Am J Infect Control.
2013;41:922–4.
27. Munoz-Price LS, Riley B, Banks S, Eber S, Arheart K, Lubarsky DA, et al.
Frequency of interactions and hand disinfections among anesthesiologists
while providing anesthesia care in the operating room: induction versus
maintenance. Infect Control Hosp Epidemiol. 2014;35:1056–9.
28. The National Board of Health and Welfare’s regulations on basic hygiene in
the Swedish health service. [http://www.socialstyrelsen.se/publikationer2007/
thenationalboard]
29. Pittet D, Allegranzi B, Sax H, Dharan S, Pessoa-Silva CL, Donaldson L, et al.
Evidence-based model for hand transmission during patient care and the
role of improved practices. Lancet Infect Dis. 2006;6:641–52.
30. World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 2013;310:2191–4.
31. Pittet D, Mourouga P, Perneger TV. Compliance with handwashing in a
teaching hospital: Infection Control Program. Ann Intern Med.
1999;130:126–30.
32. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of
hospital surfaces in the transmission of emerging health care-associated
pathogens: norovirus, Clostridium difficile, and Acinetobacter species. Am
J Infect Control. 2010;38 Suppl 1:25–33.
33. Bennett SN, McNeil MM, Bland LA, Arduino MJ, Villarino ME, Perrotta DM,
et al. Postoperative infections traced to contamination of an intravenous
anesthetic, propofol. N Engl J Med. 1995;333:147–54.
34. Koff MD, Loftus RW, Burchman CC, Schwartzman JD, Read ME, Henry ES,
et al. Reduction in intraoperative bacterial contamination of peripheral
intravenous tubing through the use of a novel device. Anesthesiology.
2009;110:978–85.
35. Whitby M, McLaws ML, Ross MW. Why healthcare workers don't wash their
hands: a behavioral explanation. Infect Control Hosp Epidemiol. 2006;27:484–92.
36. Haas JP, Larson EL. Measurement of compliance with hand hygiene. J Hosp
Infect. 2007;66:6–14.
37. Larson E. Monitoring hand hygiene: meaningless, harmful, or helpful? Am J
Infect Control. 2013;41 Suppl 5:42–5.
38. Muller MP, Detsky AS. Public reporting of hospital hand hygiene
compliance–helpful or harmful? JAMA. 2010;304:1116–7.
39. Loveday HP, Lynam S, Singleton J, Wilson J. Clinical glove use: healthcare
workers' actions and perceptions. J Hosp Infect. 2014;86:110–6.
40. Birnbach DJ, Rosen LF, Fitzpatrick M, Carling P, Arheart KL, Munoz-Price LS.
Double gloves: a randomized trial to evaluate a simple strategy to reduce
contamination in the operating room. Anesth Analg. 2014:120. Published
ahead of print.
41. Girou E, Chai SH, Oppein F, Legrand P, Ducellier D, Cizeau F, et al. Misuse of
gloves: the foundation for poor compliance with hand hygiene and
potential for microbial transmission? J Hosp Infect. 2004;57:162–9.
42. Eveillard M, Joly-Guillou ML, Brunel P. Correlation between glove use practices
and compliance with hand hygiene in a multicenter study with elderly
patients. Am J Infect Control. 2012;40:387–8.
43. Fuller C, Savage J, Besser S, Hayward A, Cookson B, Cooper B, et al. “The
dirty hand in the latex glove”: a study of hand hygiene compliance when
gloves are worn. Infect Control Hosp Epidemiol. 2011;32:1194–9.
44. Dekker S. The criminalization of human error in aviation and healthcare: a
review. Saf Sci. 2011;49:121–7.
45. Steed C, Kelly JW, Blackhurst D, Boeker S, Diller T, Alper P, et al. Hospital
hand hygiene opportunities: where and when (HOW2)? The HOW2
Benchmark Study. Am J Infect Control. 2011;39:19–26.
46. Diller T, Kelly JW, Blackhurst D, Steed C, Boeker S, McElveen DC. Estimation
of hand hygiene opportunities on an adult medical ward using 24-hour

camera surveillance: validation of the HOW2 Benchmark Study. Am J Infect
Control. 2014;42:602–7.
Grol R, Grimshaw J. From best evidence to best practice: effective
implementation of change in patients' care. Lancet. 2003;362:1225–30.
Gould DJ, Moralejo D, Drey N, Chudleigh JH. Interventions to improve
hand hygiene compliance in patient care. Cochrane Database Syst Rev.
2010;120:CD005186.
Fuller C, Besser S, Cookson BD, Fragaszy E, Gardiner J, McAteer J, et al.
Technical note: assessment of blinding of hand hygiene observers in
randomized controlled trials of hand hygiene interventions. Am J Infect
Control. 2010;38:332–4.
Huis A, Schoonhoven L, Grol R, Donders R, Hulscher M, van Achterberg T.
Impact of a team and leaders-directed strategy to improve nurses' adherence
to hand hygiene guidelines: a cluster randomised trial. Int J Nurs Stud.
2013;50:464–74.
Huis A, Hulscher M, Adang E, Grol R, van Achterberg T, Schoonhoven L.
Cost-effectiveness of a team and leaders-directed strategy to improve
nurses' adherence to hand hygiene guidelines: a cluster randomised trial.
Int J Nurs Stud. 2013;50:518–26.
Squires JE, Suh KN, Linklater S, Bruce N, Gartke K, Graham ID, et al. Improving
physician hand hygiene compliance using behavioural theories: a study
protocol. Implement Sci. 2013;8:16.
Cohen MM, O'Brien-Pallas LL, Copplestone C, Wall R, Porter J, Rose DK.
Nursing workload associated with adverse events in the postanesthesia
care unit. Anesthesiology. 1999;91:1882–90.
Gaba DM, Howard SK, Jump B. Production pressure in the work
environment. California anesthesiologists' attitudes and experiences.
Anesthesiology. 1994;81:488–500.
Gaba DM, Howard SK, Small SD. Situation awareness in anesthesiology.
Hum Factors. 1995;37:20–31.
Weinger MB, Gaba DM. Human factors engineering in patient safety.
Anesthesiology. 2014;120:801–6.
Andersson AE, Bergh I, Karlsson J, Eriksson BI, Nilsson K. Traffic flow in the
operating room: an explorative and descriptive study on air quality during
orthopedic trauma implant surgery. Am J Infect Control. 2012;40:750–5.
Pryor F, Messmer PR. The effect of traffic patterns in the OR on surgical site
infections. AORN J. 1998;68:649–60.
Polit DF, Beck CT. Nursing research: principles and methods. 7th ed.
Philadelphia: Lippincott Williams & Wilkins; 2004.
Stewardson A, Sax H, Longet-Di Pietro S, Pittet D. Impact of observation and
analysis methodology when reporting hand hygiene data. J Hosp Infect.
2011;77:358–9.

47.
48.

49.

50.

51.

52.

53.

54.

55.
56.
57.

58.
59.
60.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

