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Summary
Background: There are currently no field data about
the effect of implementing European Working Time
Directive (EWTD)-compliant rotas in a medical
setting. Surveys of doctors’ subjective opinions on
shift work have not provided reliable objective data
with which to evaluate its efficacy.
Aim: We therefore studied the effects on patient’s
safety and doctors’ work-sleep patterns of implementing an EWTD-compliant 48 h work week in a
single-blind intervention study carried out over a
12-week period at the University Hospitals Coventry
& Warwickshire NHS Trust. We hypothesized that
medical error rates would be reduced following the
new rota.
Methods: Nineteen junior doctors, nine studied
while working an intervention schedule of <48 h
per week and 10 studied while working traditional
weeks of <56 h scheduled hours in medical wards.
Work hours and sleep duration were recorded daily.
Rate of medical errors (per 1000 patient-days),
identified using an established active surveillance

methodology, were compared for the Intervention
and Traditional wards. Two senior physicians
blinded to rota independently rated all suspected
errors.
Results: Average scheduled work hours were
significantly lower on the intervention schedule
[43.2 (SD 7.7) (range 26.0–60.0) vs. 52.4 (11.2)
(30.0–77.0) h/week; P < 0.001], and there was a
non-significant trend for increased total sleep time
per day [7.26 (0.36) vs. 6.75 (0.40) h; P = 0.095].
During a total of 4782 patient-days involving 481
admissions, 32.7% fewer total medical errors
occurred during the intervention than during the
traditional rota (27.6 vs. 41.0 per 1000 patient-days,
P = 0.006), including 82.6% fewer intercepted
potential adverse events (1.2 vs. 6.9 per 1000
patient-days, P = 0.002) and 31.4% fewer nonintercepted potential adverse events (16.6 vs. 24.2
per 1000 patient-days, P = 0.067). Doctors reported
worse educational opportunities on the intervention
rota.
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Conclusions: Whilst concerns remain regarding
reduced educational opportunities, our study supports the hypothesis that a 48 h work week coupled

with targeted efforts to improve sleep hygiene
improves patient safety.

Introduction

objectively prior to implementation for their effect
on patient safety and resident health. The UK
Multidisciplinary Working Group of the Royal
College of Physicians has proposed a theoretically
optimized schedule built around a 9 h shift system
which aims to promote the design of a rota that will
minimize the risk to doctors’ health and patient
safety particularly with regard to the length and
frequency of night shifts.12 We hypothesize that
medical error rates would be reduced following
introduction of a 48 h a week rota as compared to
the 56 h rota currently in use.
There are few objective data in support of
continuing to schedule medical trainees to work
long shifts and long work weeks. There are currently
no field data about the effect of implementing
EWTD-compliant rotas in a medical setting and
previous surveys of doctors’ subjective opinions on
shift working have not provided reliable objective
data with which to evaluate its efficacy.13 An
evidence-based approach is needed to document
the effect of work practices on junior doctors’
health, access to education, on patient safety and
continuity of care.14
This study aims to address this lack of evidence15
by measuring patient safety, quality of handover,
doctors’ rest and sleep after implementing a 2009
EWTD-compliant shift system for junior doctors in a
large NHS Hospital Trust.

The 1993 European Working Time Directive
(EWTD) is intended to improve patient and doctor’s
safety by limiting the maximum required working
hours to 48 per week, and was adopted into UK law
in 1998 with an extension before full implementation.1 A package of measures to improve the lives of
junior doctors (the New Deal), at the same time also
contemplates extending working hours and ensuring
that adequate rest time is built into rota systems.2
Since August 2007 the average hours worked by
junior doctors, calculated over 6 months, have been
reduced to 56 per week with the intention of
complying with the 48 h required by the EWTD by
August 2009.3
In the United States the rate of serious medical
errors made by junior doctors are substantially
higher when they work a traditional on-call system
involving frequent periods of duty lasting for 24 h or
more. The introduction of an intervention schedule,
which limited scheduled continuous duty to 16 h
and reduced the total number of hours worked from
85 to 65 per week, resulted in more sleep, fewer
attentional failures on duty and fewer serious
medical errors.4–6 These results provided objective
measurements of what had previously been mainly
anecdotal reports about the effect on patient safety
of doctors working for extended periods. The
number of continuous hours worked increases the
risk that safety incidents will occur, a risk that is
compounded by night working and increases with
each successive shift.7–8 Similarly, US junior doctors
have twice the risk of having a car crash driving
home from an extended shift as compared to driving
home after a non-extended shift9 and are at
increased risk of sharp injuries when working
overnight and ‘post-call’.10
The need to implement the requirements of
EWTD competes with demands to maintain adequate medical cover at all times while ensuring that
doctors are able to access the educational and
training opportunities necessary to guarantee a safe
and competent workforce in the future.11 Concerns
have also been raised regarding the reduced time
that is available for training junior doctors, the effect
that this will have on clinical experience (including
continuity of care), quality of care and quality of life
for doctors as a result of the new directive. None of
the proposed new shift patterns have been evaluated

Methods
Ethics
The study was approved by the local research ethics
committee (Ref: 07/Q2802/4). Written informed
consent was provided by all doctors prior to the
start of the study.

Study design
The study was carried out at the University Hospitals
Coventry & Warwickshire NHS Trust, a 1250-bed
Hospital in Coventry, over a 12-week period in
2007. During this period there were 1707 admissions to the wards included in this study.
The study was a single-blind between-groups
clinical study with an intervention group consisting
of 9 junior doctors covering in rotation the
Clinical Decision Unit (CDU: 32 beds) and the
Endocrinology ward (42 beds) who were scheduled
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Figure 1. Representative examples of junior doctor work and sleep patterns. Self-reported sleep times (filled bars) and work
hours (open bars) are shown for four junior doctors while working on either a 56 h schedule (subjects 1 and 2, left panels) or
a 48 h schedule (subjects 3 and 4, right panels). Clock time is plotted on the abscissa (0:00–0:00 h) with day of the week
plotted on the ordinate over 14 consecutive days of the 12-week study. During the standard 56 h schedule, junior doctors
were required to make an abrupt change from day shifts to night shifts, and were scheduled to work 3 or more consecutive
12.5 h night shifts (from 20:30–20:45 to 9:00–9:15 h) (e.g. Fri to Sun, subject 1; Fri to Wed, subject 2). During the 48 h
intervention schedule, the transition from day shifts to night shifts was made more gradually. Evening shifts (8:5–9:0 h;
12:30–21:00 h or 15:00–00:00 h) were scheduled for the 2–3 days prior to starting the night shifts (e.g. second Mon and Tue,
subject 3; second Wed and Thu, subject 4), and shorter 8:75–11:00 h night shifts (start range 20:30–23:00 h, end range
7:30–9:00 h) were limited to a maximum three consecutive shifts, and usually only for two (61% of occasions). The sequence
of shifts from day-evening-night also facilitated sleep by permitting extended sleep before the evening shift. Doctors were
also encouraged to take a nap in the afternoon before the night shift.

to a 2009 EWTD-compliant rota with an average of
up to 48 h/week (Figure 1, right), and a group
working on their traditional schedule, comprising
10 junior doctors covering in rotation the Care of the
Elderly (42 beds) and the Respiratory ward (52 beds),
who were scheduled to a traditional rota of up to
54 h/week on average (Figure 1, left), for a duration
of 12 weeks. The allocation of groups to intervention
or traditional was random. Due to expected
differences in case load in CDU (intervention) and
Care of the Elderly (traditional) and given that the
two firms of doctors would have to cover two wards
in their rota, the analysis plan was to compare
only Endocrinology (Intervention) vs. Respiratory
(Traditional) due to expected comparability in
case mix.

Rotas
The traditional rota consisted of blocks of three and
four 12.5 h night shifts in succession and day shifts
of 9 h that could include attached on-call duties
which extended the working day to 12.5 h. A novel
9 h shift system was introduced in a single tier of
junior doctors (SHO/F2 level) for the intervention
group (n = 9). This was a close approximation of the
rota that the UK Multidisciplinary Working Group of
the Royal College of Physicians had identified as the
safer of possible rotas, the ‘three 9 h shifts for 24 h’,
both New Deal and EWTD-compliant.12,16 The
intervention rota was designed to allow doctors to
have sequential shifts in optimal order for circadian adaptation ‘early > evening > night’, facilitating
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acclimatization to night-working. The night-shifts
were shorter (9 h) reduced to blocks of two or less
often three nights. The rota comprised a sequence of
two consecutive early shifts (07:00–16:00 h),
followed by two consecutive evening shifts
(15:00–24:00 h) and then two-three consecutive
night shifts (23:00–08:00 h). The intervention group
was given written advice on sleep hygiene and on
the importance of naps. After the first 6 weeks the
intervention rota caused concerns particularly as it
left daytime shifts with increased work pressures and
frequent handovers. At an interim meeting held with
junior doctors, research team, supporting consultants, NHS managers and representatives of the NHS
Workforce, it was agreed to modify the intervention
rota aiming at increasing daytime coverage by
commencing the late shift earlier (12:30) and
extending the night shift from the original 9 h to a
maximum of 11 h. This schedule was then followed
for the remaining 6 weeks of the study.

Work and sleep patterns
Doctors were asked to complete a work and sleep
diary every day for the duration of the study. Start
and finish of shift were recorded daily. Sleep
patterns included time going to bed, estimated
time falling asleep, time waking up, arousals and
naps.

Data collection of medical errors
Our study used retrospective case note review to
detect medical errors and adverse events.4,17 The
doctors and relevant ward staff were informed that
records of patients who had completed an episode
of care on each of the four study wards would be
randomly selected for this purpose.
Medical chart review was conducted by two
nurses (AB and GW) with a background in clinical
care. Incidents with potential to cause harm were
identified using an established methodology.17–19
All components of the inpatient medical record,
including admission and discharge summaries,
medication prescription charts, physician and nursing progress notes, were reviewed for possible
medical errors and adverse events. In addition,
‘triggers’ (i.e. incidents suggestive of possible
adverse events) drawn from the Institute of
Healthcare Improvement’s (IHI) Global Trigger
Tool list were used to enhance this process20
(Appendix 1).
The degree of concordance between the nurses in
detecting incidents was ascertained by double
review of a random sample of notes (n = 40). For
85% of reviews there was agreement. Discrepancies
were related to detection of errors on diagnostic tests

(n = 3), medication (n = 2) and documentation of
known drug allergy (n = 1).
The selected records were checked to ensure that
each patient had spent at least 24 h under the care of
the study team. Each episode of care was reviewed,
either until patient discharge, transfer elsewhere or
death. A 30 min time limit was set for checking each
record. Incidents that occurred when the patient was
not on the study ward or under the care of the study
team were excluded (see additional methods).
Patient safety incidents for the study wards which
were reported by staff to the hospital’s Clinical
Governance department during the observation
period were also obtained. There were a total of
60 of these from the four clinical areas (30 each from
the traditional and intervention groups) for 49
patients relating to events such as falls (n = 47) and
medication incidents (n = 13). These incidents are
typical of those most commonly reported to the
National Patient Safety Agency (NPSA).21 None of
the falls were linked to any medical error while six
medication incidents were detected by the researchers in the selected notes and associated with a
medical error.

Incident classification
An adverse event was defined as an incident in
which medical management resulted in harm to the
patient. In addition, any errors with potential to
cause harm were documented, reviewed and
categorized20,22 (additional methods and Appendix 2).

Incident certification
Before beginning data collection, all staff received
intensive training in the consistent, objective collection of data using standardized forms. Given that it
was not possible to blind data collectors to the study
schedule, determinations of the preventability and
classification of events were not made by the
primary data collectors. Instead, each suspected
error or adverse event identified was independently
rated by two senior physicians who were unaware
of the identity of those involved and whether
the incident occurred during the traditional or
intervention rota. Blinded reviewers categorized
each incident as an adverse event, non-intercepted
potential adverse events, intercepted potential
adverse events or error with little potential for
harm (Appendix 3) and rated the preventability
of adverse events using a Likert scale (was prevented, definitely preventable, probably preventable, probably not preventable or definitely not
preventable); the preventability scale was dichotomized to include only ‘preventable events’ and
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‘non-preventable events’ before analysis. Events
deemed more likely to be due to patients’ underlying illness than to medical therapy were excluded
(Appendix 4). The inter-rater reliability was calculated by means of the Cohen’s kappa (k) statistic.
Any disagreements were resolved either by discussion or a third physician. For methods of questionnaire, interviews and handovers see additional
methods online. Analysis of the latter was qualitative23–24 (see Box 1–4 online).

Statistical analysis
Prior research conducted by our group and others
using surveillance methodology has established that
medical errors in general ward settings typically
occur at a rate of 100–150 per 1000 patient-days,
including minor errors as well as more serious
errors. Estimating that we would detect 100 per
1000 patient-days in our control group, we powered
the study to detect a 25% reduction in serious errors
in our intervention group. With 2000 patient-days
per group (4000 patient-days in total), we calculated
that we would have 80% power to detect a 25%
reduction in medical errors, assuming a two-sided
alpha error of 0.05. Non-normally distributed
variables are reported as median with interquartile
range (IQR). Non-parametric Mann–Whitney test
was used for comparisons of patients’ characteristics
between intervention and traditional rotas while
Kruskal–Wallis test was used for the comparisons
among wards. We computed incidence rates by
assuming a Poisson distribution since patients had
more than one type of errors. The age information
was included as the covariate in a Generalized
Linear Model and log-transformed length of stay on
study was considered as the offset component the
comparison of rates used chi-square test. Sleep and
work hours data were compared using Student’s
t-test. Statistical tests were two-tailed and P < 0.05
was defined as statistically significant. Cohen’s
kappa statistic () was used to assess the level of
agreement between physician reviewers for incident
classification ( = 0.813; 95% CI 0.756–0.869). The
incidence rate comparisons were carried out using
Intercooled Stata 9.2 for Windows and the remaining statistical tests using SPSS (v15 for Windows).
Results are reported as means (95% CIs, SDs or
ranges).

Results
Out of a total of 1707 admissions in the four study
wards during the study period, 916 (54%) were
randomly selected for review [251/628 (40%) from
the CDU, 233/348 (67%) from the Endocrinology
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ward, 248/462 (54%) from the Respiratory ward and
184/269 (68%) from the Care of the elderly ward].
The percentages varied slightly due to some records
not being available for review during the time limit
set in the study. However, the sample was representative of all admissions during the time of the
study (data not shown).

Doctors’ characteristics
Of the 19 doctors, 11 were women (six in the
traditional and five in the intervention group). Mean
age was 31.5 (SD 5.6) years in the traditional and
29.7 (SD 4.0) years in the intervention group. Body
mass index was 26.3 (95% CI 21.6–30.9) and 23.2
(95% CI 20.2–26.2) kg/m2, respectively. Median
year of qualification (and range) were the same in
the two groups [2002 (1990–2005)]. All but one
were non-smokers and they were comparable for
self-reported alcohol consumption [2.7 (0.8 to 6.1)
units/week vs. 4.9 (0.9 to 10.6) units/week],
caffeinated drinks consumption [3.0 (range 0–5.0)
cups/day vs. 2.3 (range 1.0–4.5) cups/day] and
SF-36 Mental Component Score [49.1 (8.1) vs. 49.6
(6.6)].

Work and sleep patterns
Figure 1 reports representative examples of junior
doctor work and sleep patterns. During the traditional 56 h rota, junior doctors were required to
make an abrupt change from day shifts to night
shifts, and were scheduled to work 3 or more
consecutive 12.5 h night shifts. During the 48 h
intervention rota, the transition from day shifts to
night shifts was made more gradually. Evening shifts
were scheduled for the 2–3 days prior to starting the
night shifts which were shorter and limited to a
maximum three consecutive shifts, and usually only
for two (61% of occasions). In the intervention group
the sequence of shifts from day-evening-night was
designed to facilitate sleep by permitting extended
sleep before the evening shift. Doctors were also
encouraged to take a nap in the afternoon before the
night shift.
The distribution of scheduled weekly work hours
is shown in Figure 2a. Although the average weekly
work hours differed by less than 10 h/week between
the traditional and intervention rotas [52.4 (11.2) h/
week vs. 43.2 (7.7) h/week, respectively; P < 0.001],
there was a remarkable difference in the range and
distribution of weekly hours. Under the traditional
56 h rota, scheduled weekly work hours ranged from
30 to 77 h/week, with 25% of work weeks lasting
longer than 58 h (Figure 2a). In contrast, the
intervention rota had a maximum of 60 h/week
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Figure 3. Comparison of average duration of sleep after
each shift type during the 48 h a week intervention rota
(n = 4) and the traditional 56 h a week rota (n = 5) (mean
and standard deviation).

Figure 2. (a) Distribution of scheduled weekly work
hours across the 12 weeks for the two groups. (b)
Distribution of scheduled work shift duration for all
individuals. (c) Distribution of self-reported work shift
duration in a subset of subjects working the 48 h (n = 4) or
56 h (n = 5) rotas.

(range 26–60) with only 2% of weeks with work
58 h/week (Figure 2a).
The 48 h intervention rota reduced the average
duration of scheduled work shifts by nearly an hour
as compared to the traditional rota [9.9 (1.7) h

(range 4.5–12.5; n = 10) vs. 9.0 (0.8) h (3.0–11.0;
n = 9); P < 0.001] and abolished continuous duty
shifts >12 h, which were scheduled nearly 25% of
the time on the traditional 56 h rota (Figure 2b).
Shifts of 10 h or more were scheduled only 7% of
the time on the intervention rota, but were more
than four times more frequent (33%) during the
traditional 56 h rota (Figure 2b). The average
duration [9.9 (1.9) h (3.0–13.0) vs. 9.2 (0.8) h
(5.5–11.5); P < 0.001] and distribution of scheduled
hours agreed closely with self-reported work hours
from the subset of subjects with the most comprehensive diary data (n = 9) (Figure 2c).
Total sleep time per day tended to be longer
during the intervention as compared to the traditional rota [7.26 (0.36) h vs. 6.75 (0.40) h,
respectively; P = 0.095] and as intended, the shift
sequence during the intervention rota permitted a
substantial recovery sleep of nearly 9 h [8.68 (0.23)
h] after the evening shift, significantly more than
after the day [6.93 (0.31) h] or night [6.28 (1.41) h]
shift (P < 0.05; Figure 3a). Sleep duration was
shortest following the night shift on the traditional
rota [5.69 (0.97) h] (Figure 3b).
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Characteristics of patients and episodes

Admissions (n)
Patients (n)
Age (years), median (IQR)
Patient-days in hospital, median (IQR)
Patient-days on study ward, median (IQR)
Death rate, n (%)
Death rate (age adj.), n (%)

Traditional
respiratory

Intervention
endocrinology

248
244
71 (27)
10 (9)
7 (7)
34 (13.7)
34 (14.2)

233
230
71 (31)
9 (13)
7 (10)
38 (16.3)
38 (15.8)

P-value

0.14
0.37
0.61
0.43
0.62

Characteristics of work on different wards

Medical errors

The whole chart assessment review involved 8038
patient-days (4842 during the traditional rota and
3207 during the intervention rota), representing 916
admissions (54% of 1707 total admissions to the
study wards) during the 12-week observation
period: 432 during the traditional rota [184 for
Care of the Elderly and 248 for the Respiratory ward]
and 484 during the intervention rota [233 for the
Endocrinology ward and 251 for the CDU]. A total
of 346 incidents were presented to physicians for
classification, of which 293 (85%) were categorized
as adverse events and errors (66 for Care of the
Elderly, 95 for Respiratory, 68 for Endocrinology and
64 for the CDU). The remaining 53 incidents were
excluded as not satisfying the error criteria.
The case-mix and the characteristics of hospital
stay were, as expected, significantly different across
the four wards under study. Patients were older in
the Care of the Elderly ward [median age (IQR) 82
years (12)] compared to Respiratory, Endocrinology
and CDU [71 (27), 71 (31) and 74 (25) years,
respectively] (P < 0.001). Hospital stay was longer in
the Care of the Elderly ward [median (IQR) 17
patient-days (17)] and shorter in the CDU [5 patientdays (7)] than both Respiratory [10 patient-days (9)]
and Endocrinology [9 patient-days (13)] wards
(P < 0.001). Likewise, length of stay during the
study period was longer in the Care of the Elderly
[11 patient-days (14)] and shorter in the CDU
[3 patient-days (1)] than both Respiratory
[7 patient-days (7)] and Endocrinology [7 patientdays (10)] wards (P < 0.001). As mentioned above,
the intention-to-treat analysis was carried out
comparing error rates between Respiratory
(Traditional) and Endocrinology (Intervention)
wards only. These wards were comparable as far
as number of admissions and patients seen, age of
patients, patient-days in hospital and on study ward
and in the rate of death whilst in hospital (Table 1).

During a total of 4782 patient-days involving
481 admissions (2315 in the Respiratory
ward—Traditional group and 2467 in the
Endocrinology ward—Intervention group), 32.7%
fewer total medical errors occurred during the
intervention than the traditional rota (27.6 vs. 41.0
per 1000 patient-days, P = 0.006). The Hazard ratio
(95% CI) was 0.62 (0.45–0.84), P < 0.05. There
were 82.6% fewer intercepted potential adverse
events (1.2 vs. 6.9 per 1000 patient-days, P = 0.002)
with Hazard ratio 0.16 (0.05–0.57), P < 0.05 and
31.4% fewer non-intercepted potential adverse
events (16.6 vs. 24.2 per 1000 patient-days,
P = 0.067) with a Hazard ratio of 0.63 (0.42–0.94),
P < 0.05 (Table 2). Preventable adverse events did
not differ between groups (Table 2). Differences in
error rates did not differ substantially between the
first 6 weeks (26.0 vs. 30.4 per 1000 patient-days)
and the latter 6 weeks (31.4 vs. 56.0 per 1000
patient-days) of the study period.

Interview findings (see expanded
results online)
Reduced junior medical staff cover during the
normal day was reported by several doctors in
both groups (Boxes 1 and 2 in appendix). Lack of
time for interaction with the rest of the team with
less chance of feed-back on their performance was
another theme. Most doctors in the intervention
group felt that their educational opportunities were
compromised. Doctors in the traditional group
generally made positive comments about learning
opportunities (Box 3 in appendix). Comments on
rest and sleep varied (Box 4 in appendix). Both
intervention and traditional groups reported that
working in the evening or on night shifts and at
weekends had a negative impact on social and
family life. Doctors were almost unanimous in their
description of procedures and selection of patients
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Table 2 Adverse events and error rates between intervention and traditional rotas

Patient-days
Preventable adverse events, n (rateb)
Intercepted potential adverse events, n (rate)
Non-intercepted potential adverse events, n (rate)
Minor errors, n (rate)
Overall, n (rate)

Traditional
respiratory

Intervention
endocrinology

2315
5 (2.2)
16 (6.9)
56 (24.2)
18 (7.8)
95 (41.0)

2467
4 (1.6)
3 (1.2)
41 (16.6)
20 (8.1)
68 (27.6)

Percentage of rate
reduction (95% CI)a

27.3
82.6
31.4
3.8
32.7

(
(
(
(
(

85.1
97.7
55.2
52.2
52.9

to 249)
to 38.5)
to 4.6)
to 91.0)
to 10.4)

P-value

0.68
0.002
0.067
0.90
0.006

a

Rate reduction = (rate of Endocrine – rate of Respiratory)  100/rate of Respiratory.
Rate is expressed as number (per 1000 patient-days).

b

for handover (see additional results online). Some
reported that they would hand over or be handed
over jobs that had not been done because the
outgoing doctor had not had time to do them. Few
had concerns about the quality of handover but
several spoke about the risk of omissions in care
when patients were the subject of frequent handovers on the intervention rota. Thirty-four handovers
were observed. Often the extra handovers during the
frequent shift changeover did not take place or
happened only informally.

Discussion
The current article is, to our knowledge, the first
prospective study conducted in an NHS hospital in
the United Kingdom on the effects of a 48 h/week
EWTD-compliant rota on patient care, as assessed
objectively from medical error rates. The study
shows that 33% fewer medical errors occurred on
an intervention rota with shifts up to 48 h, as
compared to a traditional 56 h/week schedule.
While differences in clinical specialty may explain
some differences in error rates between rotas, the
study suggests that implementation of a 48 h work
week can be accomplished without an adverse
effect on patient safety. Notably, the study was
conducted during a difficult period for junior doctors
when many of them were involved in applying for
training posts under the Medical Training
Application Service (MTAS) scheme which caused
well-publicized dissatisfaction and had a negative
effect on the morale of many of those participating.24 Nevertheless the results are striking.
There has been considerable controversy regarding the appropriateness of implementing the EWTD
in the NHS. Concerns have been raised that the new
directive would put doctors’ and patients’ lives at
risk25, would lead to reduced time available for
training, will have negative impacts on clinical

experience and quality of care.26–28 These strong
assertions are, without exception, based on opinions, anecdotes or non-validated questionnaires
and surveys.29–32 Our study is the first objective
assessment of the impact of 2009 EWTD-compliant
schedules on patient care, the primary concern of
healthcare providers, and presents scientific evidence upon which to begin basing policy decisions.
In 2006 the Royal College of Physicians
Multidisciplinary Working Group recommended
(i) that rotas involving seven consecutive 13 h
night shifts must be stopped due to their inherent
high risk of fatigue and potential harm to patients
and staff; (ii) that the number of night shifts in
succession should not exceed four and the length of
each night shift should be minimized; (iii) to
encourage the use of three 9 h shifts to cover 24 h
with the aim of improving patient health and safety,
junior doctors’ safety, teaching, supervision and
efficiency; (iv) to use evidence-based approaches in
order to define optimal 48 h rotas by 2009; (v) that a
‘cell’ of 10 junior doctors is necessary for any post
that provides 24 h cover.12 Inspired by the RCP
recommendations, we proposed a study to test the
feasibility of implementing a EWTD-compliant 48 h
a week schedule and to assess objectively its impact
on patient safety. The intervention rota was based
on the schedule that the RCP proposed as the most
promising in its review in minimizing the risk to
patient safety and doctors’ health with particular
regard to the length and frequency of night shifts.12
The intervention rota had several important
components that were based on well-established
principles of sleep medicine and circadian biology.14,33 First, it limited consecutive night shifts to
three nights maximum and for the majority of weeks,
only two, in order to reduce the build-up of chronic
partial sleep deprivation due to the limited sleep
between night shifts. Second, shift duration was
limited to 12 h maximum in order to minimize acute
sleep deprivation, which represented a distinct
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difference from the current 56 h a week rota which
scheduled 25% of shifts >12 h. Third, the sequence
of shifts was designed to abolish ‘slam shifts’ in
which doctors change from a day to a night shift
immediately, which ensures complete circadian
desynchrony,34 and instead gradually stagger the
shifts from morning to evening to night in the
direction that the circadian system most easily
adapts to.35 This sequence also facilitates sleep
and reduces performance decrements on the first
night shift36 by providing an opportunity for a long
recovery sleep after the evening shift prior to starting
the first night shift. Finally, the intervention rota
dramatically reduced the proportion of long work
weeks, with an upper limit of 60 h per week, again
reducing chronic sleep deprivation, in stark contrast
to the current 56 h rota, during which 25% of the
shifts were >58 h/week and as long as 77 h/week.
Given that extended duration duty hours and long
work weeks had previously been shown to be
associated with increased risk to patient safety and
resident health,4–5,9–10,37 we hypothesized that
medical errors rates would be reduced following
introduction of the 2009 EWTD-compliant 48 h a
week rota as compared to the 56 h rota currently in
use. Indeed, we found that significantly fewer errors
occurred on the 48 h rota as compared to the 56 h
rota. This proportional benefit is comparable to that
found in our previous study in medical- and cardiacintensive care units in the United States4 although it
must be noted that the US study was carried out in
units where the absolute rate of errors, given the
intensity of work, was much higher than we found in
medical wards. It also appears, on first impression,
that much more substantive rota changes were
introduced in the US study (continuous scheduled
duty changed from 24–30 h to 16 h and scheduled
work weeks changed from 80 h/week to 63 h/
week).4 On closer inspection, however, the fact
that the 56 h EWTD regulations allow averaging
weekly work hours over 6 months permits work
weeks in the UK that, during some weeks, are
comparable to the US limit of 80 h a week averaged
over 4 weeks.38 We have previously argued that
such weekly limit terms are misleading14 given that,
in both the United States and UK, weekly work
hours can be much longer than the nominal ‘limits’
if they are balanced by shorter weeks elsewhere in
the rota. We believe that in the current study, the
reduction in error rates observed may have been
due to the effect of the intervention on reducing the
range of weekly work hours, rather than the average
hours per week. The difference between 56 and
48 h/week on average may appear small, but the
difference may be much greater in any given week,
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as doctors still work nearly 80 h a week for some
weeks under the current regulations.
In the study, only nine doctors worked on the
intervention team while the traditional rota maintained its roster of 10 doctors. This imbalance was
not ideal and the successes of the intervention study
in improving work and sleep patterns, as well as the
low rate of medical errors were, in part, offset by a
number of unfavorable impressions of the intervention rota. The intervention rota resulted initially in
too few doctors being available for duty during the
day. The problems with reduced cover were
precipitated by sick leave, annual leave and study
leave. For a full implementation of our rota in future
iterations of the schedule, these changes should be
synchronized with normal hospital practices10 and
should include more doctors, recently argued to be
between 12 and 13 per cell28, but at minimum 10.
Nevertheless our study in NHS-based medical wards
was able to detect significant differences in work
hours with important implications for patients’
safety, despite doctors’ perceptions that the new
rota would worsen care and represent harm to
patients.
As in a previous study,4 the reduction in medical
errors was achieved despite a modest increase in the
number of handovers, which may be a source of
error in its own right.39 Regardless of shift length, the
process of handing over care between shifts is errorprone, and should be a focus of future improvement
efforts. Introduction of computerized handover
tools40–41 or standardized, consistent verbal handover procedures could further improve patient safety
on these rotas.
The study has several limitations. The two
study groups were working in different wards so
the case mix was different between the groups.
Respiratory and Endocrine groups were similar
in terms of doctors’ duties, though the medications
and interventions employed differed somewhat,
which may have affected detected rates of medical
errors. The CDU differed substantially from both
of these units, in that the patients were all
emergency admissions; the Care of the Elderly also
differed substantially, with longer length of stay
and a higher proportion of patients who were
terminally ill and in need of palliative care. The
marked nature of the differences between the CDU
and Care of the Elderly Wards precluded any
reasonable comparison. As the Endocrine and
Respiratory wards were more similar, we felt it
reasonable to comparatively evaluate error rates
between these two, but we do so with some caution;
larger, closely controlled studies will be needed to
confirm our findings.
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Direct observation identifies higher error rates
than other techniques but its cost and organizational
implications limit its use.42 Retrospective case
reviews is the most widely used clinical surveillance
methodology for detecting medical errors and
adverse events; rates of adverse events ranging
from 2.9 to 16.6% have been reported from centres
in North America and Australasia.43 A study in two
acute hospital wards in the UK found an incidence
rate of 11.7%.44 Retrospective case note review, as
used in this study, is less expensive and labour
intensive than observation but nevertheless timeconsuming and may not provide such a clear cut
view of events especially since it is entirely
dependent on the ‘accuracy, completeness and
legibility’ of medical records.45 These limitations
applied to both study groups, however, and the
physician review of errors was conducted blind to
condition.
Our study was too short and not designed to
assess the impact of the new 48 h rota on educational opportunities. Educational issues are intertwined with both patient safety issues and doctors
well-being in the context of a training post. While
the reduction of educational opportunities was
raised as a concern, there are as yet no data testing
the impact of shorter work hours on validated
educational outcomes. Indeed, we could hypothesize that reducing work hours may enhance educational outcomes given the emerging importance of
sleep in learning and memory consolidation46 and
the difficulty with learning while ‘half asleep’ on
duty.6 Additional controlled trials are needed to test
these hypotheses.
While our intervention reduced the length of
continuous duty and work week duration with the
aim of reducing sleepiness and improving performance, most doctors did not consider that sleepiness was a major problem. These comments are not
surprising given that self-ratings of sleepiness when
sleep deprived do not reflect objective measurements of poor performance. Similar to the misperception of one’s own performance induced by
alcohol, sleep deprived subjects rate their alertness
as better than their performance demonstrates.47,48
This example illustrates a larger point, however,
namely that policy decisions should not be made
based on subjective opinions. Such unsubstantiated
preconceptions are not valid when designing safe
schedules. Decisions regarding work hour reform
should be based on data derived from controlled
clinical trials data, just as objective data form the
basis of evidence-based medical decision.12 Our
current data represent the first step in this process
and should be followed by additional hypothesisdriven studies.

Conclusions
An EWTD-compliant rota with reduced weekly
hours can improve patient safety, as compared to
a traditional rota. There is a need for a wider
reengineering of shift systems and hospital processes
than was possible in this pilot study to ensure that
the safety gains for patients cared for by less tired
doctors are not compromised by delayed investigations and treatment, which can result from difficulties managing the routine daytime workload. Our
findings may not be directly applicable to all
specialties, like surgery, or to all NHS Trusts;
however, they do not indicate that a reduction in
work hours inevitably leads to a reduction in the
quality of patient care. Evidence-based policy
decisions must be made for work hours in the
same way as evidence-based medicine is used for
clinical decisions.49
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