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Summary

In healthcare continuous patient care is achieved by around the clock rostering of healthcare profes-
sionals (rotating shifts, on-call, extended shifts). Healthcare workers regularly need to work relatively
demanding schedules whose characteristics may lead to fatigue and a reduced performance which
could impact patient safety. In recent years there has been increasing criticism to work hours in medi-
cine. IGZ has asked TNO Quality of Life to conduct a systematic review of existing literature on the
potential effects of work hours on fatigue and patient safety. A broad and systematic literature review
was conducted including research on working hours, fatigue and patient safety in the medical domain.
The report builds upon four existing systematic reviews which were conducted by other authors. In
addition it includes an in-depth look at a specific set of nine studies.

These nine included studies specifically examined the impact of fatigue on surgical performance as
measured with surgical simulators. Overall there is convincing evidence that the (surgical) proficiency
of surgeons in training is impaired under conditions of fatigue. This conclusion is in accordance with a
considerable body of other research. Patient safety may be at risk when surgeons in training that are
sleep-deprived and/or otherwise fatigued need to perform a laparoscopic surgery on a patient. Howev-
er, there is insufficient data to conclusively prove this relationship or estimate its importance for pa-
tient safety in real life. More research would be needed to fully inform on the Dutch perspective. The
simulator studies presented in this review suggest feasible methods that could be used to test the ef-
fects of different work schedules on surgical performance and the effectiveness of changes in work
schedules for improving performance (without endangering patients).
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1 Introduction

Patient care is needed not only during office hours but also at night and during the weekends. Around
the clock availability of qualified personnel is therefore required in many healthcare professions. To
achieve this availability a variety of rostering techniques is used. Common examples of this are rotat-
ing shifts, on-call shifts and extended shifts. Working within these rosters many healthcare workers
such as nurses, residents and specialists, work a comparatively long number of hours which may be
irregular and include night work. It is known from research in other domains that working in rosters
with these characteristics may lead to fatigue and a reduced performance. Therefore, the question aris-
es whether patient safety is compromised by these schedules.

Work hours in medicine have in recent years increasingly been subject to criticism. A central part of
this critique is the potential impact of long work hours on fatigue amongst staff and its possible impact
on patient safety. It is thought that the long work hours may lead to tired doctors making erroneous
decisions and medical errors. These criticisms are heard in the Netherlands, in other European coun-
tries and in North America. In the Netherlands, a series of critical televised documentaries by Zembla
was particularly influential on the general perspective of work hours and its effect on patient safety.

Legal limitations on work hours are the most common means to control the potential impact of work
hours on (patient) safety. In European countries, the European Working Time Directive (EWTD) has
limited the maximum number of work hours per week to 48 hours on average with the Netherlands
and several other nations receiving an exception for working up to 52 hours per week until August 1
2011%. This is a considerable reduction to historical hours of work, specifically for residents, as after
a ruling by the European Court of Justice (2000) it includes the time spent whilst on-call. Whilst work
hours have been restricted, it appears that in many cases compliance with these rules is limited. The
Dutch labour inspectorate has started a 2010 inspection and compliance project on this issue * follow-
ing earlier projects 2.

The relationship between work hours, fatigue, performance and human error has been extensively
studied in many domains **. Most research, however, has focused on transportation or industrial sec-
tors, for example amongst truck drivers in shipping ° or in aviation °. It is not completely clear how
these findings can be translated to the healthcare sector. While there is no reason to assume that
healthcare workers are somehow physiologically ‘different’ than other workers, there could be differ-
ences in the effects of fatigue due to differing circumstances. It is clear that fatigue and associated er-
rors are by no means solely a function of work hours. Many other factors can be important as well, for
example: the time of day, regularity of work, intensity of tasks, breaks, home-work interference, and
the characteristics of the task. Indeed, it is conceivable that a reduction in work hours might actually
harm patient safety due to an increasing number of handovers and/or a reduction of time available for
physician training.

1.1  Existing reviews

From the outset of the search it was known that there were already several published review articles
related to this topic ™10 However, there were considerable differences in the focus and article selec-
tions used by these authors. Also, there were differences in the extent to which the reviews were sys-
tematic in that they clearly described the search process and the methodology for study inclusion and
exclusion. Systematic reviews on the subject were published in 2004 *° and 2008 °. In their reviews,
Fletcher and colleagues concluded that there is insufficient evidence on patient safety to inform the
process of reducing resident work hours. Ehara concluded that decrease of physician work hours is not
harmful but favorable to patient safety. Notably, whilst both Fletcher and Ehara selected 7 studies for
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use in their reviews and both had a similar period of investigation (1966 — 2004 versus 1966 — 2005)
the overlap in their selections is limited to only one study. This illustrates that the search strategy and
inclusion criteria used can strongly influence the results.

Recently, a further review was published ’. Levine et al. examined the American Institute of Medi-
cine’s recommendations on eliminating workdays longer than 16 hours (extended work shifts). They
retrieved 23 published and unpublished studies from the period of 1950 up to 2008 which examined
the effects of reducing extended work shifts. Levine et al. concluded: “... we found that reduction or
elimination of resident work shifts exceeding 16 hours did not adversely affect resident education, and
was associated with improvements in patient safety and resident quality of life in most studies”.

In 2009 the American Institute Of Medicine’s (IOM) ‘committee on optimizing graduate medical
trainee (resident) hours and work schedules to improve patient safety’ published a book® which con-
tains an extensive evaluation of the medical literature on work schedules in medicine. Some important
conclusions made by the committee are that : “There is ...extensive research that fatigue is an unsafe
condition that contributes to reduced wellbeing for residents and increased errors and accidents.”
and that there is “considerable scientific evidence that 30 hours of continuous time awake ... can re-
sult in fatigue”. The committee also concludes that the prevention of sleep deprivation is a fundamen-
tal way to optimize works schedules and to minimize fatigue. However there are “simply too few data
to reliably estimate the extent to which errors in performance by fatigued residents affects patients
and cause them harm"®. The committee notes that more research on the issue is needed but considers
currently available evidence sufficient to recommend measures to reduce working hours in the U.S.

1.2 Research questions

Taken together the existing reviews conclude that excessive work hours can lead to fatigue amongst
healthcare employees which may affect the occurrence of adverse events in patients. These reviews
are based on a diverse set of studies. When studying the issue, measuring medical performance in real
life is desirable because results are more easily generalized. However, experimental control is then
difficult as potential confounding factors can make it difficult to draw firm conclusions. In addition,
there are obvious ethical problems with exposing patients to potentially dangerous conditions.

Studies using validated medical simulators — most often surgical simulators - are a very interesting
subset used to examine fatigue in medicine. Medical practitioners are partially or wholly deprived of
sleep either by deliberate means (keep awake protocol) or naturally in the course of their work. Medi-
cal performance is then assessed in ‘sleep deprived’ and ‘non sleep deprived’ conditions. To measure
performance, researchers have most often used laparoscopic virtual reality simulators but physical
(full patient) simulators have been used as well. These studies have the advantage that they allow for
comparatively good experimental control and sensitive, often automatically recorded performance
measures can be used. In addition, because no actual patients are exposed to a sleep deprived doctor
there are fewer ethical dilemmas. In light of the available literature and the different reviews that had
already been conducted, it was decided to focus our review on this category of simulator studies. In
total, the search process uncovered 9 published simulator studies. These studies were then included in
a qualitative synthesis.

The Dutch Health Care Inspectorate (IGZ) has asked TNO Quality of Life to conduct a systematic
review of existing literature on the potential effects of work hours on fatigue and patient safety. The
main research question for this study is: Does caregiver fatigue due to long and irregular work hours
affect patient safety in the Netherlands?
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More specifically the research question for this review is: Is there convincing evidence that long
and/or irregular hours of work such as are common in Dutch medicine negatively impact performance
on medical simulators?
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2 Method

A systematic review of scientific literature was performed to answer the research question. The scope
of the review was limited to studies which were firstly conducted in a healthcare setting and secondly
examined outcomes relevant for patient safety. In this review, we sought to gather evidence which
either supports or refutes the relationships in our hypothetical model. The literature search, screening
and review has been conducted with reference to the PRISMA framework "2,

2.1  Search model

To elucidate the aim of this study and to guide the search and selection process, we designed a hypo-
thetical model for the search (Figure 1). Our goal was to retrieve relevant literature detailing studies
which were conducted in a healthcare (hospital) setting and which included measurements and effect
sizes for the hypothetical relationships in our search-model.

Fatigue Reduced performance or
- Primary hypothesized P -
! errors relevant for patient
mediator.
safety
M Possible operationalisations (e.g. Including medical

simulators but excluding

- Sleep deprivation (Fletcher) driving performance)

- (reduced alertness, vigilance?)

Working hours and

Patient safet
schedules Y

- Incidents

- Number of hours (per day/ B e oot
week) )
- Night/day work B At{v&?ﬁatleiftfyects

- Exten-ded shifts - Complications

Figure 1, hypothetical model for search

The arrow labeled ‘A’ depicts studies examining the impact of work hours and schedules on caregiver
fatigue. Studies labeled with ‘A’, however, did not measure the effect of caregiver fatigue on patient
safety. The studies that did measure some aspect of patient safety, for example the frequency of inci-
dents or the occurrence of medical error, are described with the arrows labeled ‘B’ These studies
sometimes include direct measurements of caregiver fatigue, for example by using questionnaires.
This may be examined as a mediating variable. Finally, the arrow labeled ‘C’ depicts studies that ex-
amine the impact of work hours and schedules on caregiver performance with a simulated task that
closely resembles medical work. These tasks are relevant to patient safety but are not a direct measure.
Experiments done with surgical simulators or realistic patient simulators are examples of this type of
study. The validity of performance in these experiments for patient safety does need further study
(dotted arrow D). The current search was aimed at the simulator studies depicted with arrow C.

2.2  Search strategy

For the literature search the SCOPUS database and search engine were used. The search was limited
to the health sciences database (6800 journals) expanded with the psychology and human factors topic
areas. The search terms were a cross-tabulation of keywords and synonyms describing the different
aspects under examination, for example “working hours fatigue healthcare” (18 results) and “sleep
deprivation patient safety” (143 results). A total of 21 search strings were used, a full listing of which
is available in appendix A.
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The 21 search strings yielded 1352 results. After the results were combined to remove duplicates 887
results remained. To this list were added a limited number of articles from additional sources, specifi-
cally the reference lists of other articles.

2.3 Selecting studies
# of records identified through # of additional records identified
database searching through other sources
1352 3
¥ 887 v

# of records after duplicates removed

| 887
# of records screened L # of records excluded
805
| 82
# of full-text articles _ # of full-text articles
assessed for eligibility 73 excluded, with reasons
9

r

# of studies included in
qualitative synthesis

r

# of studies included in
quantitative synthesis
[meta-analysis)

Figure 2, Summary of search results in PRISMA flowchart

The 887 selected abstracts proved to be a valuable collection. However, the collection needed to be
extensively screened towards our research question. Articles were excluded when it could be deter-
mined from the abstract that the study design would not provide insight into the relationships of inter-
est (Figure 1). To ensure consistency a log was kept of reasons for exclusion:

Articles detailing fatigue as it occurs in patients (not in caregivers) and fatigue related to dis-
ease characteristics (for example research describing fatigue in patients suffering from can-
cer).

Opinion pieces, editorials, notes and letters.

Studies of fatigue and work hours conducted in other settings (shipping, industry, aviation).
Studies of fatigue and work hours conducted in medical professions but not in hospitals.
Studies in which outcome measures were not related to patient safety. For example outcomes
detailing effects on injury to healthcare workers.

Avrticles that examined seasonal differences in fatigue or learning and age effects (younger,
older health care workers).

Articles focusing on compliance to laws and regulation on work hours.
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- Articles examining the effects of interventions aimed at preventing fatigue through other
means than changes in work hours and scheduling (e.g., napping strategies).

- Atrticles examining the economic costs of alternative work hours, schedules and workloads.

- Development of (biomathematical) models and questionnaires to investigate fatigue.

- Articles which reported solely the perceptions of healthcare workers on the effect of fatigue
on patient safety without including some form of measurement.

- Articles written in other languages than English.

Our focus was on individual studies. Systematic literature reviews and meta-analyses were not includ-
ed as primary articles. A number of articles could not be adequately judged because there was no ab-
stract available. These articles were fully retrieved for additional evaluation. After this step a list of 82
abstracts remained for full text retrieval and further study.

While studying full text articles studies were again excluded. These studies were primarily opinion
pieces and articles on caregiver perceptions about work-hours and fatigue from which it was deter-
mined on closer reading that they did not contain actual measurements. This exclusion resulted in a
list of approximately 40 studies which was further reduced to eight studies by the decision to focus
exclusively on studies using medical simulators. This list of eight was then expanded with one study **
through the studies reference lists to a total of nine studies.
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3 Results

3.1  Overview of selected studies

In total nine articles were selected which described the effect of work hours on caregiver performance
in a task that closely resembles medical work ***2. The tasks used included for example performance
in a realistic patient simulator. All studies - except ** and ** - used shift timings to differentiate be-
tween high and low sleep deprivation and fatigue conditions. The most common setup was to conduct
measurements in the morning both before a call period (pre-call) and after a call period (post-call).
The types of shifts used in these cases are known as extended shifts: shifts that start in the morning
and continue through a night of on-call duty with variable amounts of sleep. Leff et al*® took a differ-
ent approach: they examined (sequential) night shifts rather than extended shifts. Sharpe et al** and
Taffinder et al** used more controlled circumstances to manipulate the amount of sleep in their partic-
ipants. Sharpe kept participants awake over a 26-hour time span and conducted regular measurements
within that period. Taffinder tested participants in the evening and in the morning and experimentally
controlled the quality of the nights’ sleep (undisturbed, disturbed and no sleep conditions).

Most studies were performed in a single hospital setting and were primarily focused on the perfor-
mance of surgeons in training (surgical residents) and specialists training for other specializations (e.g.
ICU residents). The number of participants included in the studies is relatively small (6-64 partici-
pants). Only Uchal®® focused exclusively on surgeons (with nurses as a control group) and Gerdes*
examined both surgeons and surgeons in training specifically. The nine studies show an overall in-
crease in experimental realism over the years. Moving from relatively simple psychomotor tasks in
rudimentary VR simulators (e.g. **'%) towards complex patient management tasks with a realistic pa-
tient simulator™. More recent research has used more complicated tasks which required the use of
more diverse cognitive skills such as working memory, preparatory attention and 3-dimensional track-
ing (“°). In Table 1 an overview of the included studies is presented with information on the study’s
method, the variables measured and the main results and conclusions.

Table 1 - Overview of evidence

Study Country  Design Subjects Size Simulator Independent and me- Dependent variables Performance
diating variables decrement?
Sharpe, Canada Experimental ICU residents  N=12, High fidelity Duration of wakeful- Errors with patient safety Yes
2010 study (11-2) one patient simulator  ness (26 hrs span, four implications.
hospital measurements). Com-
plexity of medical task.
Gerdes, USA Prospective Surgical N=14, Laparoscopic Hours worked (pre-call Tool movement smooth-  Yes
2008 observational residents and one simulator vs post-call). ness, hand movement
study (11-2) attending hospital Experience level. smoothness, gesture profi-
surgeons ciency, time to complete
task, cognitive errors and
psychomotor errors.
Kahol, USA Prospective Residents N=37, Laparoscopic Hours-worked (pre-call  Tool and hand movement  Yes
2008 observational (multiple one simulator. vs post-call). smoothness, gesture profi-
study (11-2) specialisa- hospital ciency, time to complete
tions) task, cognitive and psy-

chomotor errors.
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Study Country  Design Subjects Size Simulator Independent and me- Dependent variables Performance
diating variables decrement?
Leff, 2008  United Prospective Surgical N=21, Laparoscopic Number of: sequential Errors, time to complete Yes
King- observational residents, one simulator night shifts, steps taken,  task.
dom cohort study residents of hospital patients attended, calls
(11-2) allied  disci- received and  self-
plines reported sleepiness
Jakubow- USA Prospective General sur- N=8,one Laparoscopic Hours worked (pre-call ~ Errors, time to complete No
icz, 2005 observational  gical residents  hospital simulator (ES3)  vs post-call), hours task, overall performance.
study (11-2) slept, caffeine, alcohol
and cigarette intake
Uchal, Norway Prospective Surgeons and  N=64, Physical simula- Hours worked (post- Accuracy error, tissue No
2005 observational nurse controls  multiple  tor work (8hr) vs post-call damage, leak rate, goal-
study (11-2) hospitals (24hr)) non goal directed actions
and time to complete task.
Eastridge, USA Prospective Surgical N=35, Laparoscopic Hours worked (pre-call,  Errors, time to complete Yes
2003 observational  residents and one simulator (MIST  on-call, post-call) task.
study (11-2) trauma resi- hospital VR)
dents
Grantscha- Denmark  Prospective Surgical N=14, Laporoscopic Hours worked (pre-call, Time to complete task, Yes
rov, 2001 observational ~ residents one simulator (MIST  post-call) error, unnecessary move-
study (11-2) hospital VR) ment.
Taffinder, UK Experimental ~ Surgeons in  N=6,one Laporoscopic Morning and evening Total time, errors. Yes
1998 study (11-2) training. hospital simulator (MIST  performance. Quality of
VR) nights sleep (undis-
turbed, disturbed, no
sleep).  Stress  and

arousal as mediators.

3.2  Evaluation of selected studies

Overall, of the nine studies examined, seven showed statistically significant effects of sleep depriva-
tion on performance (Table 1). Two studies found results that seem to run counter to this view *"*2. In
Jakubowicz’!” study the surgical residents in the sleep-deprived condition slept an average of 3.6
hours before the post-call trial which as the author notes is considerably longer than the sleep length
attained in earlier studies. This together with the relatively small number of participants can explain
that Jakubowicz did not find an effect'’.

The study by Uchal®® was well-designed. The study involved a comparatively large number of partici-
pants (n=64), and included a separate control group of untrained nurses. The fact that no significant
effect was found in Uchals’ study is therefore noteworthy. There are, however, some limitations to the
study. The study’s post-call condition was not compared with a pre-call condition, as done by other
authors**®11%% pyt was instead compared with a post-work condition. As noted by Leff™ this is of
relevance due to human circadian rhythms. The post-call measurements were done during a period of
circadian upswing (8-9 a.m.), whilst the post-work measurements were done during a period of circa-
dian low (4-5 p.m.). In addition, chronic sleep deprivation was not controlled in the study and may
have influenced performance in the post-work condition negatively. These limitations could explain
that no significant effect was found in this particular study.
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An additional difference between Uchals’ study and the other studies — with the exception of * - was
that this study was conducted with experienced surgeons. Most often only surgeons in training were
included in the studies. It is possible that the greater practical experience of the participants in Uchals’
study allowed them to more adequately maintain performance under a condition of sleep deprivation.
Only Gerdes included both surgeons and surgeons in training in a direct comparison®. Their results
indicated that surgeons may be more able to maintain performance in a sleep deprived condition®. In
Kahol’s study more experienced residents showed better performance overall than less experienced
residents but this difference disappeared when under sleep deprivation (*°).

There has been a development in the study methodology over the years. Earlier studies tended to be
mostly focused on psychomotor dexterity while the newer studies are increasingly showing the im-
portance of both cognitive and psychomotor skills in tandem**4*®. Sharpe'* for example showed that
while performance on a simple task showed improvement when tested over time, performance on
more complex patient management tasks deteriorated. Kahol *°® showed that performance on cognitive-
ly demanding exercises suffers more strongly from sleep deprivation than performance on psychomo-
tor tasks and also that psychomotor errors increase when conducting a parallel cognitive task. These
studies suggest that whilst purely psychomotor tasks might be relatively unaffected by sleep depriva-
tion this may not be the case with more realistic tasks which combine both cognitive and psychomotor
components.

Table 2 includes a more in-depth evaluation of the individual studies. The table lists the studies’ main

conclusions, their strengths and limitations, and a view on their external validity.

Table 2 - Evaluation of studies

Study

Design

Notable limitations

External validity of outcome measures

Results and conclusions

Sharpe,
2010

Gerdes,
2008

Kahol,
2008

Leff, 2008

Multiple performance meas-
urements were made during
26 hours of continuous wake-
fulness under controlled
standardized conditions.
Blind evaluation of perfor-
mance.

Performance measures pre-
call and post-call were taken.
A comparison was made
showing the effects of exper-
tise (residents were com-
pared with attending sur-
geons).

Performance measures pre-
call and post-call were taken.
Analysis and tasks focused
on both the cognitive and
psychomotor skills needed
for laparoscopic surgery.

The effect of 7 consecutive
night shifts on performance
was measured. Proficiency
levels were equalized prior to
the study to a predetermined
benchmark level. Differences
in work-intensity were meas-
ured. Within-subjects control
one-week later during a week
without night shifts.

Scenarios were not yet
fully validated, and
residents were relaxing
rather then working as
they would be whilst on-
call.

Exact number of hours
worked and shift times
not reported.

Potential biases and
limitations as well as the
participant selection
process are not clearly
described. Further vali-
dation of  outcome
measures needed.

It is possible that sub-
jects were not adequate-
ly sleep deprived fol-
lowing first night shift.
Poor performance may
be due to other factors
such as fears surround-
ing being tested.

A high fidelity patient simulator was
used. Various realistic tasks with high-
cognitive complexity were undertaken.
Previously defined outcomes that could
have impact on patient safety were used.
Outcomes were positively correlated
with experience level. This study has the
best apparent external validity of the
simulator studies examined.

The tasks were more challenging then
regular simulator tasks. Validation of the
tasks was limited, but discriminative
validity towards resident experience was
shown in the pre-call condition.

The tasks were conducted using a lapa-
roscopic simulator but were more chal-
lenging then the regular simulator tasks
used by older studies. Validation of the
tasks was limited, but discriminative
validity towards resident experience was
shown in the pre-call condition.

Other aspects of clinical care (decision-
making, cognitive abilities) were not
investigated.

During prolonged continuous wakefulness of medical
residents, clinical performance in the management of
a simulated critically ill patient deteriorates. Complex
scenarios were affected while less complex scenarios
improved over time. Sharpe suggests that improve-
ment in the less complex scenarios was likely a learn-
ing effect. The practice of scheduling residents for
extended work shifts (>24 hrs) should be reconsid-
ered.

Residents and attending surgeons showed significant
decrement in proficiency post-call. Call-associated
fatigue was associated with increased error rates in
the cognitive skill domain, although less so in attend-
ing surgeons compared to their resident counterparts.
Cognitive skills are more affected than psychomotor
skills.

Post call, in addition to increased cognitive errors, a
significant decrease was recorded in the proficiency
variables of memory, attention, and intermodal coor-
dination tasks was shown. The time to complete tasks
improved. There was a strong negative correlation
between hours of sleep and cognitive errors. Effects
were seen across the different resident skills levels
examined.

Newly acquired technical surgical skills deteriorate
maximally after the first night shift, emphasizing the
importance of adequate preparation for night rotas.
Gradual improvement was observed across subse-
quent shifts towards baseline levels. This may be due
to ongoing learning or adaptation to chronic fatigue.
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Study

Design

Notable limitations

External validity of outcome measures

Results and conclusions

Jakubo-
wicz, 2005

Uchal,
2004

Eastridge,
2003

Grant-
charov,
2001

Taffinder,
1998

Pre-call post-call comparison
using a within- subjects
design. Training levels on
simulator were equalized
prior to study.

Between  subjects design
comparing two groups of
surgeons. A control group of
64 nurses to validate out-
come measures. Pre-tests
were used to check for pre-
experiment group-differences
in skill level. The actual
experiment was done with a
physical simulator involving
a foam stomach. 2 assessors
blinded to time-of-day scored
performance. Inter rater
reliability was assessed.
Controls  within  subjects,
three  measurements were
taken: pre-call, on-call and
post-call. Learning effects
were reduced by randomiza-
tion of test sequence.

Within subjects design with
two measurements pre-call
and on-call. Subjects had
similar (limited) experience
with the laparoscopic simula-
tor.

Pre-call and post-call per-
formance was measured on
six experimental nights. The
quality of sleep nights was
controlled in three condi-
tions: undisturbed, simulated
on-call (disturbed at three set
times), and a no sleep condi-
tion. Participants were pre-
trained on simulator.

Post-call group had a
relatively longer sleep-
ing time (avg 3.6 hrs)
compared to other stud-
ies (pre-call was 5.8).
This has likely influ-
enced effect size.
Experimental power is
reduced by comparing
post-call with a post-
work rather than pre-
work condition. Testing
at different times (circa-
dian differences) could
have counteracted ef-
fects of sleep depriva-
tion.  Chronic  sleep
deprivation and caffeine
intake were not con-
trolled.

Cognitive  skills, caf-
feine intake and chronic
sleep deprivation are not
accounted for.

Limited apparent control
of potential confounds.
Such as proficiency
level, chronic sleep-
deprivation, caffeine
use, etc.

Limited apparent control
of potential confounds.
Such as proficiency
level, chronic sleep-
deprivation, caffeine
use, etc.

Jakubowicz considered the used ES3
simulator to be more realistic then
MIST-VR. Cognitive deterioration of
performance and effects on patient safe-
ty were not accounted for.

Outcome measures have good apparent
validity. 4 out of 6 outcome measures
were shown to discriminate between
nurses and surgeons.

Outcomes were validated performance
measures in previous studies (MIST-
VR).

Performance on six tasks on the MIST-
VR simulator (used in training). Tasks of
progressive complexity.

Laparoscopic performance, MIST-VR.

There was no diminution in performance before and
after a 24-hour on-call period. There was a trend
toward improved speed at the expense of accuracy.
Jakubowicz notes a key distinction between this
study and earlier studies with regard to the amount of
sleep deprivation in the post-call group (3.6 hrs sleep
on average).

Sleep deprivation had no impact on the studied out-
come measures of a surgical task performed in a
laparoscopic simulator.

Resident work schedules lead to sleep deprivation
and fatigue. Call-associated sleep deprivation and
fatigue are associated with increased technical errors
and longer time to complete tasks in the performance
of simulated laparoscopic surgical skills.

Six different tasks were used. “Surgeons show im-
paired speed and accuracy in simulated laparoscopic
performance after a night on call in a surgical de-
partment”.

Significant decrement in performance across the
conditions. Increased stress and decreased arousal
across the conditions.
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4 Discussion

Overall there is convincing evidence that the (surgical) proficiency of surgeons in training (residents)
is impaired under conditions of fatigue. Seven of the nine studies that were included found a signifi-
cant effect in this direction. The remaining two studies were found to have methodological limitations
which could explain that no effect was found. This conclusion is in accordance with results from liter-
ature reviews in the medical domain”™® and in other domains® and with theoretical knowledge about
performance, sleep and circadian rhythms.

These studies do not prove an actual impact of fatigue on patient safety, as we limited our review to
simulator studies with no actual patients involved. However, the skills needed to perform these tasks
were representative for surgical work. The researchers carefully chose to use representative tasks in
their studies. This was done by using tasks that were previously validated for use in surgical training®®,
by using validated psychological tests as a basis for tasks*'®, or by demonstrating that more experi-
enced operators were relatively better than less experienced users (discriminate validity).

There are, however, clear limitations to the included studies. The studies — with the exception of Leff'®
— are focused mostly on the effects of extended shifts, which means that they are less useful to evalu-
ate the effects of hours of work that are less extreme. In the Netherlands and other European countries
the European Working Time Directive has recently come into effect which should reduce the preva-
lence of extended shifts (though compliance appears to be difficult'?®). The simulator studies do
however present feasible methods to test the effects of different work schedules and the effectiveness
of changes in work schedules (without endangering patients).

Most of the studies used a relatively small sample size and selected their participants, surgeons in
training, by convenience from a single hospital. The two studies that did include experienced surgeons
suggest that they might be better able to cope with sleep deprivation than surgeons in training**®, alt-
hough even experienced surgeons were not immune to the effects of sleep deprivation in Gerdes’
study®. More research is needed to investigate the effects of experience on sleep deprivation.

An additional important limitation lies in the manipulation of fatigue through sleep deprivation. There
is considerable variation in the amount of sleep obtained during on-call both within studies and across
studies. Most studies relied on self-reported sleep length only, and none of the studies used more reli-
able methods such as actigraphy (automated recording of participant activity). Only Sharpe* and
Taffinder™ more fully controlled the amount of sleep in their participants. The benefit of measuring
performance during normal shifts is that the levels of fatigue in these studies are likely to be compara-
ble to fatigue experienced during actual work. However more controlled circumstances could do more
to get information on safe limits for hours of work.

Better experimental control would also allow a researcher to isolate the effects of distinct factors such
as time awake, time of day and work intensity. It is known that natural circadian rhythmicity strongly
affects fatigue and performance across the 24-hours of the day with the strong circadian low point
around 4 a.m. to 6 a.m. (the window of circadian low). Whilst most studies did choose to measure at
roughly the same time each day, relatively wide windows were used and specifics were often not re-
ported. None of the studies explicitly examined circadian effects. Finally, the work intensity of partic-
ipants was not under experimental control in most studies. This may have affected the study results as
the work intensity may vary considerably during day and night.
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5 Conclusion

Overall there is convincing evidence that the (surgical) proficiency of surgeons in training is impaired
under conditions of fatigue. This conclusion is in accordance with a considerable body of other re-
search % patient safety may be at risk when surgeons or surgeons in training that are sleep-
deprived and/or otherwise fatigued need to perform a laparoscopic surgery on a patient. However,
there is insufficient data to conclusively prove this relationship or estimate its importance for patient
safety in real life.

5.1 Dutch perspective

From the Dutch perspective it is important to note that the relevant research has for a large part been
conducted in other nations, primarily the United States. These findings may thus not be fully applica-
ble to the Dutch situation. Work practices - including work hours - tend to differ between Europe and
the United States and also within Europe.

An important question is to what extent these findings are applicable to Dutch medical professionals.
None of the studies investigated was performed in The Netherlands. It is clear from Table 1 that most
studies focused on examining the effects of extended shifts. This type of scheduling appears to be less
prevalent in the Netherlands. However the results still have relevance for the Dutch situation for sev-
eral reasons. Compliance to the EWTD appears to still be far from guaranteed > and medical special-
ists such as surgeons are exempted from the EWTD.

Lastly compliance to the EWTD might not be sufficient guarantee for the prevention of fatigue. Stud-
ies that examined the effect of time awake found that after 18-20 hours awake performance was
equivalent to an alcohol intoxication at the legal driving limit in the Netherlands®*?. Other studies
foundzsczcglnsiderable impact of the chronic or cumulative fatigue that can arise from successive night
shifts™=".

More research would be needed to fully inform on the Dutch perspective. The simulator studies pre-
sented in this review suggest feasible methods that could be used to test the effects of different work
schedules and the effectiveness of changes in work schedules (without endangering patients).
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Appendix A - Overview of search terms

Keywords Hits
1 Working hours safety fatigue 106
2 Working hours safety alertness 20
3 working hours patient safety 233
4 working hours adverse events 39
5 working hours medical error 140
6 working hours fatigue healthcare 18
7 working hours sleep healthcare 27
8 working hours alertness healthcare 5
9 Sleep deprivation patient safety 143
10 Sleep deprivation adverse events 24
11 Sleep deprivation medical error 151
12 Sleep deprivation safety fatigue 133
13 Sleep deprivation safety alertness 55
14 Working hours accidents healthcare 19
15 Fatigue management healthcare 144
16 sleep fatigue healthcare patient safety 14
17 sleep fatigue healthcare safety 28
18 sleep fatigue healthcare adverse events 3
19 sleep fatigue healthcare medical error 5
20 sleep fatigue healthcare incidents 3
21 sleep fatigue healthcare accidents 13

Total 1352

Total after removal of duplicates 887



