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ABSTRACT

Objectives To determine whether a reduction in working

hours of doctors in postgraduatemedical training has had

an effect on objectivemeasures ofmedical education and

clinical outcome.

Design Systematic review.

Data sourcesMedline, Embase, ISI Web of Science,

Google Scholar, ERIC, and SIGLE were searched without

language restriction for articles published between 1990

and December 2010. Reference lists and citations of

selected articles.

Study selection Studies that assessed the impact of a

change in duty hours using any objective measure of

outcome related to postgraduate medical training,

patient safety, or clinical outcome. Any study design was

eligible for inclusion.

Results 72 studies were eligible for inclusion: 38

reporting training outcomes, 31 reporting outcomes in

patients, and three reporting both. A reduction in working

hours from greater than 80 hours a week (in accordance

with US recommendations) does not seem to have

adversely affected patient safety and has had limited

effect on postgraduate training. Reports on the impact of

European legislation limiting working hours to less than

56 or 48 a week are of poor quality and have conflicting

results, meaning that firm conclusions cannot be made.

Conclusions Reducing working hours to less than 80 a

week has not adversely affected outcomes in patient or

postgraduate training in the US. The impact of reducing

hours to less than 56 or 48 a week in the UK has not yet

been sufficiently evaluated in highquality studies. Further

work is required, particularly in the EuropeanUnion, using

large multicentre evaluations of the impact of duty hours’

legislation on objective educational and clinical

outcomes.

INTRODUCTION

There has been a progressive reduction in the working
hours of doctors in training in Europe and North
America over the past 20 years. Legislation reducing
junior doctors’ working hours (known as Code 405)
was implemented by the New York State Department

of Health in 19891 and limited doctors in that state to
working an average of 80 hours a week. This was fol-
lowed by national guidelines recommended by the US
Accreditation Council for Graduate Medical Educa-
tion (ACGME) in 2003.2 Further refinements of these
limits were recommended by the US Institute of Med-
icine in December 2008.3 In the United Kingdom, a
progressive reduction in junior doctors’ working
hours has resulted from the New Deal negotiated by
the British Medical Association4 and the European
Working Time Directive (93/104/EC).5

While the aim of these changes is to improve work-
ing conditions and safety, the medical profession has
raised concern about the potentially adverse effects on
postgraduate training for junior doctors and the provi-
sion of high quality care for patients. These concerns
are particularly relevant in the European Union but
might also be important in the US as the working
hours of interns and residents continue to be
reviewed.6

When changes to doctors’working hours are consid-
ered and implemented there is a need for an evidence
based approach to evaluating their impact onboth edu-
cational and clinical outcomes. We carried out a sys-
tematic review to determine the impact of a reduction
in working hours of doctors in postgraduate medical
training on objectivemeasures of educational and clin-
ical outcome.

METHODS

We adhered to MOOSE (Meta-Analysis of Observa-
tional Studies in Epidemiology) guidelines7 and pre-
viously published recommendations for systematic
reviews of observational studies8 in the conduct of
our review.

Data sources

We searched Medline, Embase, Google Scholar, the
Educational Resources Information Centre (ERIC),
and the System of Information on Grey Literature in
Europe (SIGLE). The search was limited to articles
published between 1 January 1990 and 20 December
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2010, with no language restriction. We identified
49 084 articles, which we then screened for inclusion.

Search strategy

The Medline search was conducted by exploding the
following MeSH terms: “Medical Staff, Hospital” or
“Personnel Staffing and Scheduling” or “Workload”
or “Time Factors” and combining with the following
terms, which we also exploded: “Education, Medical,
Continuing” or “Education, Medical, Graduate” or
“Specialization” or “Education, Medical” or “Inter-
nship andResidency”.We searched the following key-
words separately: “medical training” and “European
Working Time Directive”. The search found 16 132
articles. After snowballing, we included 39 in the final
analysis.
In Embase we searched the following terms: MeSH

terms “working time” or “personnel management” or
“work schedule” or the keyword “European working
time directive” and combined the following terms:
MeSH terms: “medical education” or “patient care”
or “medical education” or “patient care” or postgradu-
ate education” or “surgical training” or “training” or
“staff training” or “residency education” or the key-
word “postgraduate education”. This search found
8556 articles.After removingduplicates from theMed-
line search and snowballing, we included seven in the
final analysis.
We searched Google Scholar using the following

exact phrases on advanced searches limited only to
medicine, pharmacology, and veterinary sciences:
“working hours” (11 070 articles), “working time”
(5020); “duty hours” (1530) and “duty hour” (535).
After removing duplicates from the Medline and
Embase searches and snowballing, we included 27 stu-
dies in the final analysis.
We searched the System for Information on Grey

Literature in Europe (SIGLE) combining the key-
words: “European Working Time Directive” and
“medical education” (4831); “European Working
Time Directive” and “patient” (479); “European
Working Time Directive” and “medical” (807); “Eur-
opean Working Time Directive” and “surgery” (93).
No eligible studies were identified.
We searched the Educational Resources Informa-

tion Centre (ERIC) using the following keywords in
combination: “medical education” and “working
hours” or “duty hours”. We found 31 articles; none
was eligible for inclusion.

Study selection

We selected studies that assessed the impact of a
change in duty hours, with details reported of what
change had been implemented, and used an objective
measure of outcome related to postgraduate medical
training, patient safety, or clinical outcome.
We excluded studies reporting subjective measures,

such as surveys or questionnaires, unless the results
included an objective externally validated measure,
such as case numbers or results of assessments. We
also excluded studies that assessed the effect of changes

in duty hours on medical staff (for example, measures
of fatigue, physical or psychological wellbeing) as
opposed to patients. Any study design was eligible for
inclusion.
Of the 49 084 citations screened, we identified 157

articles to review in detail.We “snowballed” these arti-
cles by examining reference lists and searching for cita-
tions on Medline, Embase, and ISI Web of Science;
this process identified a further 68 articles. Two
authors (from SRM, JL, NS, and AM) independently
reviewed these 225 papers, and 72 met inclusion cri-
teria: 38 of postgraduate medical training, 31 of out-
comes related to patients, and three that reported
both (figure).

Data extraction

Two reviewers (from SRM, JL, NS, and AM) indepen-
dently extracted information from each article using
standardised data extraction forms, and one author
(SRM) reviewed all studies. Using two separate forms
(one for studies of educational outcomes, one for stu-
dies of patients’ outcomes), we extracted data on study
authors, geographical location, year of publication,
study cohort characteristics, working hours and pat-
tern before and after the intervention, outcome mea-
sures, and main results from all studies.
We also assessed the quality of the studies, again by

extracting data onto separate data extraction forms.
For studies of training outcomes, we extracted number
of participants, study design, institutional setting,
source, and method of data collection; whether the
study was single or multicentre; whether a description
of overall institutional activity was included in studies
that used case volume as an outcome measure; and
whether statistical analysis was reported. The quality
of reporting of cohort characteristics in studies of post-
graduate training outcomes was assessed as being
“good” if the study reported both the number of
hours a week worked and described shift patterns,
“moderate” if the study reported only one of these,
and “poor” if the study reported neither.
For studies of patients’ outcomes, we extracted data

on number of participants, study design, institutional
setting, source and method of data collection, whether
the study was single or multicentre, whether the study
included a control group, whether outcomes were risk
adjusted or whether the study presented a comparison

Total number of citations screened (n=49 084)

Reviewed in detail for inclusion (n=157)

Included in final analysis (n=72): 
  Postgraduate training (n=38); patient safety (n=31); both (n=3)

Identified through snowballing (n=68)

Excluded on basis of listed criteria (n=153)

Review process and identification of studies for inclusion
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of patients’ characteristics at baseline, andwhether sta-
tistical analysis was reported.

RESULTS

Tables 1-3 summarise the key findings from studies
evaluating medical training, for improvement in out-
comes, no change or variable outcomes, and deteriora-
tion in outcomes, respectively. Tables 4-6 summarise
the key findings from studies assessing outcomes
related to patients, for improvement in outcomes, no
change or variable outcomes, and deterioration in out-
comes, respectively. Though we did not restrict our
search to English language publications, all the studies
we identified originated from either the UK or US.
Table 7 documents the changes to duty hours recom-
mended in the UK and US. All studies from the US
reported the impact of a change from more than 80
duty hours a week to fewer than 80, in accordance
with Code 405 legislation or ACGME recommenda-
tions. The UK based studies reported the impact of
various changes in total duty hours and shift patterns,
in accordance with UK legislation and the European
Working TimeDirective. The standardised data extra-
ction tables described in the methods section are
shown in the appendix on bmj.com.

Studies of postgraduate medical training

We analysed 41 studies of postgraduate medical train-
ing. All were “before and after” cohort studies. Twenty
seven originated from the US, and 14 were conducted
in the UK. Twenty eight studied training in surgery or
surgical subspecialties (22 in US, six in UK), five stu-
died training in obstetrics or gynaecology, or both
(four in US, one in UK), six studied training in anaes-
thesia (all from the UK), one US study was in paedia-
trics, and one UK study was of medical trainees. Of
these 41 studies, two showed an improvement in train-
ing outcomes after a reduction in working hours, 12
reported a deterioration, and the 27 remaining showed
no change or a combination of positive and negative
results. Most studies used multiple outcome measures
to evaluate the impact of a reduction in working hours
on postgraduate education and training.

Postgraduate training results according to effect of reduced

hours

Improved training outcomes
Two papers reported an improvement in training out-
comes after a reduction in working hours: one UK
study ofmedical trainees9 and oneUS study of surgical
residents.10 Bothwere of lowmethodological quality as

they did not report statistical analyses of the results.
Roedling et al reported the change in shift pattern,9

and Schneider et al reported percentage compliance
with duty hours changes,10 but neither reported the
actual number of hours worked by trainees.

Deterioration in training outcomes

Twelve studies found a detrimental association
between reduced working hours andmeasures of post-
graduate training outcome: six from the UK (three in
surgery,11-13 two in anaesthesia,14 15 and one in
gynaecology16) and six from the US (all in
surgery).17-22 Eleven of these reported operative case-
load as an outcome measure11 13-22; one UK study used
continuity of care by neurosurgical trainees as an
outcome.12 Of the 11 studies that used operative case-
load, three single centre studies did not report institu-
tional operative volumes,17 18 20 and therefore we are
unable to determine if the reduction in trainees’ case-
load could have occurred as a result of a change in
institutional activity.

No change in training outcomes

Of the 27 studies that found no change ormixed results
of training outcomes associatedwith reducingworking
hours, 20 originated from theUS (four in obstetrics and
gynaecology,23-26 16 in surgery,27-42) and seven from the
UK (four in anaesthesia,43-46 three in surgery47-49). Of
the 20 studies from the US, 12 used operative caseload
as an outcome measure, two analysed postgraduate
examination results, and six used both. FourUSpapers
studying surgical training reported results from large
multicentre or multiprogramme cohorts.29 30 39 40 The
16 remaining papers from theUSwere studies in single
institutions or residency programmes. Only four
reported both the actual number of hours worked by
trainees before and after rota changes and the shift pat-
terns worked.18 27 33 36

Postgraduate training results according to outcome

measures analysed

Training opportunities

Six studies used measures of training opportunities
(such as supervised operating lists or teaching ses-
sions). Of these, one UK study of internal medicine
physicians found an improvement in attendance at
training sessions,9 and one UK study of anaesthetists
found a deterioration in the number of training oppor-
tunities in obstetric anaesthesia.15 The remaining four
studies were all conducted in UK anaesthetics depart-
ments and found no change in supervision levels over-
all after various changes in duty schedules.43-46

Examination scores

Nine studies, all originating from the US, measured
changes in examination scores for cohorts of trainees
before and after duty hour reforms. Two found an
improvement in scores,10 27 and seven found no
difference.24 31 32 34 35 38 40

Table 1 | Studies on effect of reduced working hours that predominantly found improvement

in postgraduate education

Study Detail Outcomes

Roedling 2008, UK9 Medical trainees, single centre, 12 week
analysis; n=18

Noofmissed training sessions: reduced. No
statistical tests reported

Schenider 2007,
US10

Surgical residents, single centre.
Examination scores: 4 year analysis; n=67.
Operative caseload: 3 year analysis; n=59

Operativecaseload: increased. Examination
scores: improved. No statistical tests
reported
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Caseload
Thirty seven studies included caseload as an outcome
measure. Only one study, from the US, showed an
increase in caseload after a reduction in working
hours.10 Eleven studies showed a reduction in opera-
tive caseload after reformof dutyhours: sixUSand two
UK studies of surgical trainees,12 13 48 one UK study of
gynaecology trainees,16 and two UK studies in
anaesthesia.14 15 Twenty five studies found no change
in operative caseload, whether in surgery (17 studies:
14 in US, three in UK), obstetrics and gynaecology

(four studies, all in US), or anaesthesia (four studies,
all in UK) after reductions in working hours.
Schneider et al’s 2007 study in US surgical residents

was the only paper to report an increase in caseload
after a reduction in working hours, and it also found
an improvement in postgraduate examination
scores.10 This was a single centre study of low metho-
dological quality, however, as there was no statistical
analysis conducted on the results.
Of the 11 papers that reported a reduction in case-

load, eight were in surgery, two in anaesthetics, and

Table 2 | Studies on effect of reduced working hours that found no change or variable outcomes in postgraduate education

Study Details Outcomes

Al-Rawi 2009, UK43 Anaesthesia trainees, multicentre, 7 year analysis; n=119 Total caseload: NS. Out of hours: increased. Cases with direct/indirect supervision: NS.
Obstetrics: NS

Barden 2002, US27 Surgical residents, Single centre, 6 year analysis; n= not stated Operative caseload: NS. Examination results: improved

Baskies 2008, US28 Orthopaedic residents, single centre, 2 year analysis; n=284 Operative caseload: PGY 2, 3, and 4: NS. PGY 5: increased. PGY 2-5: increased

Blanchard 2004, US23 Obstetrics and gynaecology residents, single residency
programme, 2 year analysis; n=10

Operative caseload: decreased in three out of seven procedures. Increase in No of
sterilisation procedures. No change in number of laparotomies or laparoscopic procedures

Bland 2005, US29 Surgery, multicentre, 7 year national analysis of ACGME data Operative caseload as chief surgeon: NS

Connors 2009, US30 Cardiothoracic surgery, multicentre, 8 year analysis; n=37 Thoracic caseload: PGY 1, 2, 3: NS. Cardiac caseload: PGY 1: NS; PGY 2: reduced; PGY 3:
reduced. Overall caseload: PGY 1 and 2: reduced; PGY 3: NS

De Virgilio 2006, US31 Trauma surgery, chief surgical residents, single centre, 9 year
analysis; n=not stated

Total operative caseload: increased. Chief operator caseload: NS. Examination scores: NS.
First time pass rates: NS

Durkin 2008, US32 Surgical residents, single residency programme, 9 year analysis;
n= not stated

Examination scores: improved in basic science and overall. Clinical management examination
scores: NS. Operative caseload: NS

Ferguson 2005, US33 Surgical residents, single centre, 2 year analysis; n=not stated Total operative caseload: NS. Subspecialty and individual PGY analyses: NS

Froelich 2009, US34 Orthopaedic residents, single residency programme, 9 year
analysis; n=97

Operative caseload: NS difference overall or for any year of training (PGY2-5). Examination
scores: NS

Hutter 2006, US35 Surgical residents, single centre, 2 year analysis; n=99 Operative caseload: NS difference overall or for any year of training between PGY 1 and 4.
PGY5: increased examination scores: NS in any year of training

Kelly 1991, US24 Obstetrics and gynaecology residents, single residency
programme, 5 year analysis; n=not stated

Operative caseload: NS. Examination results: NS

Lim 2006, UK47 Cardiothoracic trainees, single centre, 2 year analysis; n=not
stated

Operative caseload: no difference. Days allocated to operating theatre per month: decreased.
No of publications/trainee (mean): increased. Statistical tests not reported

Malangoni 2005, US36 Trauma residents, single centre, 1 year analysis; n=16 Exposure to trauma patients: NS. Operative caseload: NS

Marron 2005, UK48 Surgical trainees, single centre, 12 week analysis; n=not stated Outpatient clinic: reduced. Operative caseload: elective surgery: reduced; emergency surgery:
NS; day surgery: increased; endoscopy: reduced

Oakely 2005, UK49 Orthopaedic trainees, single centre, 1 year analysis; n=not
stated

Total operative caseload: reduced. Subgroup analysis of types of procedure: of those
procedures considered essential for training, significant difference only in intra-medullary
nailing. Percentage of cases with consultant supervision: NS

Pappas 2007, US37 Orthopaedic residents, single centre, 4 year analysis; n=79 Operative caseload: NS

Shonka 2007, US38 Otolaryngology residents, single centre, 7 year analysis; n=105 Examination scores: NS

Short 2006, US25 Obstetrics and gynaecology residents, single centre, 2 year
analysis; n=35

Gynaecology cases: NS. Obstetric deliveries: reduced

Sim 2004, UK44 Anaesthetic trainees, single centre, 20 week analysis; n=34 Weekly training lists: similar. Weekly solo lists: similar. Statistical tests not reported

Simien 2010, US39 Surgical residents, multiple residency programmes, 2 year
analysis; n=2692

Operative caseload: plastics: NS; urology: increased; vascular, plastics, and thoracic:
decreased; liver, pancreas, endocrine, laparoscopic basic, and laparoscopic complex:
increased; skin and soft tissues, abdominal, and endoscopy: NS

Smith 2010, US26 Obstetrics and gynaecology residents, multicentre, 6 year
analysis; n= approx 6800

Operative caseload: vaginal deliveries, abdominal hysterectomy: decreased; vaginal
hysterectomy: NS; caesarean section, laparoscopy, laparotomy, hysteroscopy: increased. All
changes were in keeping with trends in operative volume nationally

Sneider 2009, US4 Surgical residents, multiple residency programmes, n=not
stated

Examination scores: NS in any year of training

Spencer 2005, US41 Paediatric surgery residents, single centre, 2 year analysis; n=91 Operative caseload: NS; outpatient clinic participation: reduced

Tran 2006, US42 Surgical residents, single centre, 4.5 year analysis; n=not stated Operative caseload: NS; in-house calls: reduced

Underwood 2005, UK45 Anaesthetic trainees, single centre, 2.5 year analysis; n=93 Operative caseload: reduced. Proportion of cases with senior supervision: increased.
Proportion of consultant-led cases with trainee present (teaching cases): reduced. Statistical
tests not reported

White 2005, UK46 Anaesthetic trainees, single centre, 1 year analysis; n=62 Elective supervised training lists: similar. Subspecialty training lists in cardiothoracics,
plastics, otolaryngology, and neurosurgery: similar. Statistical tests not reported

NS=not significant; PGY=postgraduate year.
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one in gynaecology. All except one21 were single cen-
tre, and two did not conduct statistical analysis of their
results.11 15 Six of the surgical papers were conducted in
the US,17-22 including the only large multicentre study
to show a reduction in caseload.21 Of the two UK stu-
dies of surgical trainees, one showed a reduction in
operative caseload with a reduction in hours from 72
to 48 a week,13 and the other with a reduction from 58
to 54 hours a week.11 Both these studies were of low
methodological quality: Kara et al did not conduct a
statistical analysis of their results11 and Stephens et al
reported a single centre cohort study of only the most
junior surgical trainees.13 Both studies of trainees in
anaesthetics that reported a reduction in caseload
were conducted in the UK. One paper examined the
impact of reducing hours from 60 to 56 a week in a
specialist paediatric centre14; the other reported the
effect of reducing hours from 72 to 58 a week on trai-
nees’ exposure to obstetric general anaesthesia.15 The
authors of the latter paper did not statistically analyse
their results and commented that the total operative
caseload of the department had also fallen, providing
an alternative explanation for the reduced number of
cases with trainee involvement after reducing working
hours.15 The only study of gynaecology trainees that
reported a reduction in caseload was conducted in a
single UK centre and found a reduction in both the
overall number of cases involving trainees and in sub-
group analyses of specific procedures.16

Most papers analysed found no difference in case-
load associated with a reduction in working hours.
Eighteen originated from the US: 14 in
surgery22 27 28 30-37 41 42 and four in obstetrics and
gynaecology.23-26 Four of the US papers examining

surgical training analysed large multicentre
cohorts,29 30 39 40 though the actual working hours of
the residents studied in these four papers was not
reported and so compliance with duty hour recom-
mendations could not be assessed. Only six of the 14
US papers that used operative caseload as an outcome
measure reported institutional case numbers before
and after duty hours reform.19 22 31 33 36 37 Four UK stu-
dies of anaesthesia training reported no change in
either caseload or supervision rates43-46; three of these
documented concurrent institutional activity,44-46 but
two did not conduct statistical analyses on their
results.44 46 Four studies in obstetrics and gynaecology
conducted in the US reported no change in caseload
with reformof duty hours; onewasmulticentre,26 three
reported institutional volumes.23 25 26 Only two of these
four papers detailed both the actual hours worked and
the shift patterns.23 24

Studies of patients’ outcomes

Thirty four papers documented the impact of reducing
the working hours of doctors in training on patient out-
comes (tables 4-6). Only three studies originated from
the UK,50-52 the rest were conducted in the US. Most
were “before and after” cohort studies, but one was a
randomised controlled trial. 53 Most studies reported
clinical outcomes such as morbidity and mortality or
measures of resource use such as length of stay. Seven,
however, reported on patient safety indicators such as
rates of adverse events ormedical errors, 50 53-58 and one
used continuity of care in paediatrics as an outcome
measure. 59 Sixteen studies were in surgery or surgical
subspecialties, 31 35 38 56-58 60-69 seven were in internal
medicine,50 52 70-74 two were in critical care, 53 75 two

Table 3 | Studies on effect of reduced working hours that predominantly found deterioration in postgraduate education

Study Details Outcomes

Carlin 2007, US17 Surgical residents, single centre, 4 year analysis;
n=120

Operative caseload—PGY 1, 2, and 4: reduced. Total and chief surgeon experience—PGY 1, 2, and 4:
reduced; PGY 3 and 5: NS. Total and chief surgeon experience: overall (PGY 1-5) reduced

Chung 2004, US18 Surgical residents, 1 year analysis; n=not stated Inpatient consultations and operative caseload: reduced. Outpatient clinic attendance: NS

Damadi 2007, US19 Chief residents in surgery, single centre, 4 year
analysis; n=17

Chief or assistant operator operative caseload: reduced

Elbadrawy 2008, UK16 Gynaecology, single centre, 2 year analysis, n=not
stated

Operative caseload, (total experience, and major, intermediate, minor, hysterectomy, laparoscopy all
analysed separately): all reduced

Feanny 2005, US20 PGY 4 and 5 surgical residents, single centre, 2 year
analysis; n=13

Operative caseload (total, chief operator, first assistant, and emergency operator): reduced

Fernandez 2009, UK14 Anaesthetic trainees, single centre, 82month analysis;
n=62

Total No of cases, and subgroup analyses of ASA I-III and emergency cases: all reduced. Subgroup
analyses of ASA IV/V or subspecialty cases: NS

Kairys 2008, US21 Surgical residents, multicentre, 5 year analysis; n=not
stated

Total major operations: reduced. Chief surgeon: reduced. Assistant surgeon: NS

Kara 2008, UK11 Surgical trainees, single centre, 46 month analysis;
n=not stated

Operative caseload: reduced. Subgroup analyses for PGYs of training: all individually reduced. No
statistical tests reported

Maxwell 2010, UK12 Neurosurgical trainees, single centre, 200 case records
reviewed; n= not stated

Continuity of care in elective operations—consent and operate: NS, operate and follow-up: reduced.
Continuity of care in emergency operations—admit and operate: reduced, consent, and operate:
reduced

Searle 2008, UK15 Obstetric anaesthetists, single centre, 2 year analysis;
n=not stated

General anaesthetic cases: reduced. Training opportunities: reduced. No statistical tests reported

Stephens 2004, UK13 Surgical SHOs, single centre, 12.5 year analysis; n=95 Elective surgical caseload: reduced. Inguinal herniorrhaphy: reduced. Appendicectomy: NS

Watson 2010, US22 Surgical residents, single centre, 40 resident years Major surgery caseload: reduced

NS=not significant; PGY=postgraduate year; ASA=American Society of Anesthesiologists’ physical status score.
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were in paediatrics, 59 76 and onewas in obstetrics. 54 Six
studies evaluated multispecialty cohorts. 51 55 77-80 As
none of these studies adjusted their statistical analyses
appropriately for multiple comparisons, it is possible
that some of the significant results in studies that
reported multiple outcomes, particularly those where
there was a combination of positive, negative, and neu-
tral results,might have occurred by chance. For studies
reporting multiple outcome measures, we have cate-
gorised them according to whether most outcomes
were better, worse, or showed no difference with a
reduction in working hours.

Studies showing predominantly improved outcomes in
patients

Four studies showed improvement in patients’ out-
comeswith a reduction inworking hours; onewas con-
ducted in the UK50 and three in the US.53 61 63 One of
these was a randomised controlled trial of high metho-
dological quality that randomised residents in critical
and coronary care units to two different working pat-
terns. Patient safety indicators including medical and
diagnostic error rates were compared and found to be
improved after a change in doctors’ working hours
from a traditional shift system, with up to 37 continu-
ous duty hours and 77-81 hours worked a week, to a
rota that eliminated extended shifts and reduced the
working week to 60-63 hours.53 Only one of the
remaining three cohort studies was a large multicentre
study, which found a difference in mortality rates.61

This paper studied trauma admissions over a four
year period and compared outcomes in teaching hos-
pitals before and after duty hour reforms with concur-
rent outcomes in non-teaching centres (and therefore
unaffected by trainee working hours). The authors
found improvements in mortality and length of stay
in intensive care in teaching departments that were
not seen in the control hospitals.61 One small single
centre study from the UK found that rates of adverse
events were reduced with a shortening of working
hours, though this study could be criticised as different
medical specialties were examined in the two
cohorts.50 Finally, a large single centre study of patients
undergoing laparoscopic cholecystectomy showed an

improvement in complication rates after a reduction in
working hours of surgical trainees.63

Studies showing predominantly worse outcomes in patients
Two large studies in trauma and orthopaedics, both
from the US, found that rates of complications, but
not mortality, worsened with a reduction in working
hours. Browne et al’s multicentre analysis of patients
undergoing surgery for hip fracture found that the
occurrence of nine postoperative complications was
worse in teaching hospitals (but not in control non-
teaching hospitals); the incidence of eight other com-
plications was similar and only one was improved.60

The length of stay in hospital and routine discharge
rates were also worse in teaching hospitals after
reforms in duty hours. As the statistical analyses were
not adjusted for multiple comparisons, the significant
findings could still have occurred by chance. Salim et
al’s study of trauma patients showed an increase in
complication rates in a large single centre cohort over
four years (two before and two after duty hour
reform).62 Baseline characteristics of the two cohorts
were presented andwere similar, though the outcomes
were not adjusted for patients’ risk; it is possible there-
fore that the difference in complications could be attri-
butable to unknown differences in risk factors in
patients. Furthermore, though the differences in com-
plication rates were significant, they were small (total
complication rate 5.64% v 7.28%; preventable compli-
cations 0.89% v 1.28%; non-preventable complication
rate 4.75% v 5.81%), and therefore the clinical rele-
vance of these changes could be questioned. Neverthe-
less, the authors highlighted that these results were
worrying and could at least in part be attributable to
the change in duty hours.

Studies showing predominantly no difference in outcomes
in patients
Most studies showed that duty hour reform did not
affect standards of care of patients. Twenty eight stu-
dies reported no significant difference in patients’ out-
comes after reductions in the working hours of doctors
in training or reported a combination of positive, nega-
tive, and similar outcomes. Only two of these origi-
nated from the UK.51 52 The study by Collum et al

Table 4 | Studies on effect of reduced working hours that predominantly found improvement in patients’ outcomes

Study Details Outcomes (change after reduction in hours)

Cappuccio 2009, UK50 Medical inpatients, single centre; n=474 Medical errors: reduced. Intercepted potential adverse events: reduced. Non-intercepted
potential adverse events: reduced

Landrigan 2004, US53 Medical intensive care and coronary care patients, randomised
controlled trial, single centre, 2203 patient days, n=634
admissions

Significant reduction in: total serious medical errors, intercepted serious errors, non-
intercepted medical errors that reached patients, serious diagnostic errors. Serious
procedural errors: NS

Morrison 2009, US61 Trauma patients, single centre, 4 year analysis; n=492 173 In-hospital mortality: improvement in teaching hospitals; worse in non-teaching hospitals.
Length of intensive care stay: reduced in teaching hospitals; increased in non-teaching
hospitals. Length of hospital stay: NS in teaching hospitals; increased in non-teaching
hospitals

Yaghoubian 2009, US63 Patients undergoing laparoscopic cholecystectomy, single
centre, 6.5 year analysis, n=2470

Bile duct injury: reduced. Overall complications: reduced. Mortality: NS

NS=not significant.
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Table 5 | Studies on effect of reduced working hours that found no change or variable changes in different patients’ outcomes

Study Details Outcomes (change after reduction in hours)

Afessa 2005, US75 Medical ICU patients, single centre, 21 week analysis; n=626 Intensive care mortality: NS. Length of stay in intensive care: NS. Hospital mortality: NS.
Hospital length of stay: NS

Bailit 2004, US54 Obstetrics patients 12 month analysis; n=not stated 3rd and 4th degree lacerations, umbilical arterial pH <7.0, fever in labour, primary LSCS rate,
GA LSCS rate, incident reporting: all NS. Postpartum haemorrhage: decreased. Neonatal
resuscitations: decreased. Reported medication errors associated with resident
performance: too infrequent for comparison across time periods

Bell 2010, US76 Very low birthweight infants, multicentre, 5 year analysis; n=11 137 Death within 7 days: NS. Death within 28 days: NS. Short term morbidity: NS

Collum 2010, UK51 All hospital inpatients, multicentre, 3 year analysis, n= not stated Hospital SMR: No change

De Virgilio 2007, US31 Trauma patients, single centre, 8 year analysis, n=3491 Overall complications: NS. ARDS, renal failure, wound complications, wound infection: all
NS. Intra-abdominal abscess, pneumonia, DIC: all improved. Pulmonary embolus,
septicaemia: both worse

Gopaldas 2010, US64 Cardiothoracic patients, multicentre, 10 year analysis, n= 374 941 (teaching
hospitals), n=239 222 (control group, non-teaching hospitals)

Mortality: improvement in both teaching and non-teaching hospitals. No of complications
per patient: increased in teaching hospitals but reduced in non-teaching hospitals. Length of
stay: reduced in both teaching and non-teaching hospitals

Gottlieb 1991, US70 Internal medicine patients, single centre, 8 week analysis; n=1103 In-hospital mortality: NS. Hospital readmission: NS. Serious medication errors: reduced.
Nosocomial fever: reduced. Hospital length of stay: reduced

Helling 2010, US65 Traumapatients,multicentre, 5 year analysis, n=99407 (level 1 centres with
residents); n=26 969 (control group, level 2 centres without residents)

Mortality: significant reduction in both level I and level II centres; no difference (non-
inferiority test) in change in outcome between level I and level II centres. HLOS: NS in both
level I or level II centres

Horwitz 2007, US71 Internal medicine patients, single centre, 2 year analysis; n=14 260
(teaching wards); n=6664 (control group, non-teaching wards)

Intensive care unit admission, rate of discharge to home or rehabilitation facility v elsewhere,
pharmacist interventions to prevent error: all improved in teaching hospitals compared with
non-teaching hospitals after reform. Adverse drug reactions, mortality, length of stay: all NS

Howard 2004, US72 Adult patients with primary diagnosis of congestive cardiac failure, acute
myocardial infarction or pneumonia, multicentre, 3 year analysis; n=170
214 (teaching hospitals); n=143 455 (control group; non-teaching
hospitals)

Mortality: beneficial trend towards lower mortality over time nearly identical between
teaching and non-teaching hospitals. Improvement in outcome not necessarily attributable
to change in working pattern

Hutter 2006, US35 Surgical inpatients, single centre, 2 year analysis; n=3976 Morbidity: NS. Mortality: NS

Kaafarani 2005, US66 Surgical inpatients, single centre, 2 year analysis; n=1197 Morbidity: NS. Mortality: NS

Laine 1993, US73 Internal medicine patients, single centre, 2 month analysis; n=526 No of patients suffering at least one in-hospital complication: increased. No of patients
having at least one diagnostic delay: increased. Major morbidity: NS. Mortality: NS

Lofgren 1990, US74 Internal medicine patients, single centre, 8 month analysis; n=146 Inpatient mortality, complications, hospital length of stay, and No of consultations, No of
procedures, No of radiographs: all NS. No of laboratory tests ordered: increased

McBurney 2008, US59 Paediatric visits, single centre, 1 year analysis; n=6431 Continuity of care: NS

McIntyre 2010, UK52 Emergency medical patients, single centre, 2 year analysis; n=16 974 In-hospital mortality: NS. Hospital LOS: NS. Readmissions within 30 days of discharge: NS

Mycyk 2005, US55 All hospital inpatients, single centre, 1 year analysis; n=not stated Adverse drug event (ADEs) incidence rates; No of confirmed ADEs; number of ADEs per 100
patient days; No of preventable ADEs: all outcomes: NS

Naylor 2005, US67 Emergency cholecystectomy patients, single centre, n=275 Complication rates: NS

Poulose 2005, US56 Surgical inpatients, multicentre, 6 year analysis; NY teaching hospitals:
n=12.4million, control group 1: NY non-teaching hospitals: n=6.2m, control
group 2: California teaching hospitals: n=10.2m

Surgical patient safety indicators: NY teaching hospitals: 3 indicators: NS, 2 indicators:
worse. Control groups: NS for any outcome

Privette 2009, US68 Surgical patients, single centre, 4 year analysis; n=14 610 Mortality: improved. Admissions with complications: NS. Minor complications: increased.
Moderate complications: NS. Major complications: improved. Morbidity burden per patient
with complications: improved

Rogers 2005, US57 Trauma patients, single centre, 1 year analysis; n=1092 Delayed diagnosis and missed injury: NS. Complication rate: NS

Rosen 2009, US58 Surgical patients, multicentre, 5 year analysis (3 years pre-reform; 2 years
post); VA hospitals: n=826 047, Medicare hospitals: n=13 367 273

Continuity of care: NS differences in either VA or Medicare hospitals. Technical care: NS in
Medicare hospitals, VA hospitals: increase in odds ratio of technical care PSI event in more v
less teaching-intensive hospitals; NS relative changes in year 2 after reform. Other
composite rates: increased in VA in year 2 after reform in more v less teaching-intensive
hospitals but not in Medicare in either year after reform

Schenarts 2005, US69 Trauma patients, single centre, 22 months; n=2826 Length of hospital stay: NS. Length of ICU stay: NS. Ventilator days: NS. Mortality: NS.
Complications: NS

Shetty 2007, US77 Medical and surgical patients with 35 diagnoses associated with high
mortality rates, multicentre; n=1 268 738 (medical), n=243 207( surgical)

Mortality: medical patients: improved, surgical patients: NS

Shonka 2009, US38 Otolaryngology patients, single centre, 7 year analysis; n=not stated Mortality, 30 day readmission rates; length of stay: NS difference in any outcome across years

Silber 2009, US78 Medical (acute myocardial infarction, heart failure, stroke, or
gastrointestinal bleeding) and surgical (general, orthopaedic, and vascular)
patients in Medicare and VA hospitals, 5 year analysis; Medicare: n=6 059
015; Veterans Affairs (VA): n=210 276

Hospital length of stay: NS difference between cohorts in Medicare or VA hospitals for either
medical or surgical patients

Volpp 2009, US79 VA hospital admissions: medical (principal diagnoses of acute myocardial
infarction, congestive heart failure, gastrointestinal bleeding or stroke) and
surgical (general, orthopaedic or vascular surgical patients), multicentre,
6 year analysis; n=318 636)

Mortality: medical patients: similar improvement in unadjusted mortality rates in hospitals
in all fourths of resident:bed ratios; surgical patients: no apparent difference observed in
hospitals with different resident:bed ratios

Volpp 2009, US80 Medicare hospital admissions: medical (principal diagnoses of acute
myocardial infarction, congestive heart failure, gastrointestinal bleeding, or
stroke) and surgical (general, orthopaedic, or vascular surgical patients),
multicentre, 6 year analysis; n=8 529 595

Mortality: comparison of the most “teaching intensive” hospitals with non-teaching
hospitals: NS relative change in mortality in either medical or surgical patients

NS=not significant; NY=New York; VA=Veterans’ Affairs.
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examined changes in hospital standardised mortality
ratios (HSMRs) in one region of the UK over a three
year period and found that they improved over time in
line with improvement in such ratios in the rest of the
UK.51 The authors reported no specific details about
changes in duty hours, either locally or nationally; it
is therefore possible that similar changes in working
patterns were implemented outside the geographical
area of interest. This raises the question of whether all
these improvements were associated with reducing
working hours or coincidental with it. McIntyre et al
examined outcomes of emergencymedical admissions
over a two year period and found similar mortality,
length of stay in hospital, and 30 day readmission
rates.52 This was a small single centre study, however,
and might have been underpowered to detect differ-
ences in outcome.
Twenty six studies from the US showed similar or

mixed patients’ outcomes after a reduction in duty
hours. Several of these analysed relatively small or sin-
gle centre cohorts of patients and might have been
underpowered to detect changes in some of the out-
comes reported. These included studies in critical
care,75 obstetrics,54 neonatology,76 paediatrics,59

trauma,31 57 69 surgery,35 38 66-68 and internal
medicine.70 73 74 Five US papers included concurrent
analyses of “control” hospitals or wards that did not
employ doctors in training and were therefore unaf-
fected by changes in duty hour regulations.56 64 65 71 72

Four of these five papers compared mortality rates:
three found similar improvements over time in both
teaching and non-teaching hospitals in cardio
thoracic,64 trauma,65 and medical patients64 65; 72 one
study of medical inpatients was underpowered to
detect a difference.71

Three other US studies compared outcomes in hos-
pitals of different “teaching intensity” (as defined by
the ratio of residents to beds).58 79 80 Rosen and co-work-
ers studied patient safety indicators in surgical patients
and found a combination of positive, negative, and
neutral results for different outcomes.58 The two other
studies were both conducted byVolpp et al, with iden-
tical methods and over the same time period in two
different US healthcare systems (Veterans Affairs and
Medicare) and looked atmortality rates inmedical and
surgical patients separately.79 80 In Veterans Affairs
hospitals, outcomes for medical patients improved
with duty hour reforms in hospitals of higher “teaching
intensity”; for surgical patients, however, there was no

significant change in outcome associated with the
reduction in working time.79 These data are similar to
those fromone other study that found an improvement
in mortality in medical patients but not surgical
patients.77 In the study ofMedicare hospitals, however,
there was no apparent change in outcome in either
medical or surgical patients after a reduction in duty
hours.80 Similarly, Silber et al found no difference in
length of stay in hospital either in medical or surgical
patients admitted to either Medicare or Veterans
Affairs hospitals.78

DISCUSSION

In this systematic review of the impact of a reduction in
working hours for junior doctors, using objective mea-
sures of postgraduate medical training, patient safety,
and clinical outcome,we found thatmost studies found
either a beneficial or neutral impact on patient safety
and clinical outcome and limited or no effect on post-
graduate training as measured by procedural volume
per trainee or examination results. When duty hours
are reduced to below 56 or 48 hours a week, in accor-
dance with European legislation, we could not draw
conclusions on the impact on patients outcomes or
medical training because of conflicting results fromdif-
ferent institutions and specialties and the poor quality
of some of the studies evaluated.

Study limitations

Our study is limited by several factors. Firstly, the het-
erogeneity of the included studies does not permit
meta-analysis of the results, and their predominantly
retrospective observational methods means that the
individual studies, and therefore our review, could be
subject to bias. Secondly, the included studies varied
considerably in quality, though we did include an eva-
luation of their quality in our results (see tables B andD
in the appendix on bmj.com). Some of the studies that
evaluated patient safety did not include risk adjustment
or present baseline characteristics of patients, which
would allow true comparison of clinical outcomes.
Several studies that evaluated training included no sta-
tistical analysis or had poorly defined cohort character-
istics. As several postgraduate education studies did
not report denominator data on overall hospital activ-
ity, a change in hospital workload could have
accounted for differences in trainee caseload numbers
after reducing working hours. Thirdly, the outcome
measures used in the individual studies varied

Table 6 | Studies on effect of reduced working hours that predominantly found deterioration in patients’ outcomes

Study Details Outcomes (change after reduction in hours)

Browne 2009, US60 Hip fracture patients, multicentre, 4 year analysis;
n=48 430 in teaching and non-teaching (control)
hospitals

Death: NS. Complications: 8 categories: NS, 9 categories: worse in
teaching hospitals, 1 category: improved in teaching hospitals. Length of
stay in hospital and routine discharge: both worse in teaching hospitals

Salim 2007, US62 Trauma patients, single centre, 4 year analysis;
n=16 854

Mortality: NS in total or preventable death rates. Increased. Preventable
complication rate: increased. Non-preventable complication rate:
increased

NS=not significant.
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considerably, and, particularly in the studies evaluat-
ing postgraduate medical training, the reported mea-
sures might not have been appropriate for the
intended purpose. Finally, publication bias could
have affected our results, though we attempted to
avoid this by conducting an extensive review of the
“grey literature.”

Scope and limitations of published literature

We can make several observations regarding the nat-
ure and origin of the published studies in this topic.
Firstly, the concern over the implications of duty
hour regulations has led to a much larger and higher
quality body of work from the US than Europe. This
could in part be because themost significant changes in
the US occurred in 1989 and 2003, as opposed to Eur-
opean changes, which are more recent; there might be
European studies yet to be completed or published.
Secondly, it is notable that despite the lack of language
restrictions and an extensive review of the “grey litera-
ture,”wewere unable to identify any European studies
that fulfilled our inclusion criteria and were conducted
outside the UK. This could reflect that the concerns of
the US and UK medical communities are not recipro-
cated elsewhere or perhaps that compliancewithwork-
ing time legislation is not as rigorous in mainland
Europe as in theUK.Thirdly,most studies of postgrad-
uate education analysed cohorts of doctors in training
in “craft specialties” that have an emphasis on technical
competence, such as surgery, anaesthesia, and obste-
trics and gynaecology. It is therefore possible that
internal medicine physicians do not believe that
restrictions on working hours will have negative impli-
cations for training. Alternatively, it could be that there
are fewer easily interpretable measures of training out-
come for physicians than there are in more technically
focused specialties. Finally, there is amuch larger body
of literature examining the implications of reducing
working hours on patients’ outcomes originating
from the US compared with the UK. Possible reasons
for this include a belief by the UK healthcare commu-
nity that legislative changes are unlikely to affect qual-
ity of care of patients, or perhaps, more probably, the
lack of robust systems for collecting and analysing

large datasets of risk adjusted outcomes in patients in
the UK and Europe.

Impact on patients’ outcomes

The literature examining the association between
reducingworking hours andobjectivemeasures of out-
comes in patients shows that there is no clear signal to
indicate either benefit or harm. While it might seem
intuitive that doctors working fewer hours will be less
tired, make fewer errors, and that therefore patients’
outcomes should improve, both clinical experience
and the results of studies conducted with identical
methods but in different healthcare systems indicate
that other influences might be at least as
important.79 80 These could include the number and
quality of clinical handovers,81 the level of supervision
of doctors in training,82 and factors unrelated to doc-
tors’duty hours and schedules such as the continuity of
care provided by the entire multidisciplinary team,83

the standard of nursing care,84 and many other differ-
ences within and between institutions in delivery of
healthcare. The heterogeneity of results in our review
might be due to such differences related to structure
and process, and explaining these variations is the
focus of a growing body of work.85-87 A greater under-
standing of such issues would be valuable in ascertain-
ing if there are standards of care that might help to
improve outcomes in patients when doctors’ working
patterns are changed so that such standards could be
more widely implemented.

Impact on educational outcomes

The studies focusingon trainingoutcomes indicate that
the Code 405 or ACGME regulations in the US have
had an inconsistent effect and that there are insufficient
data from studies of high methodological quality to be
able to draw firm conclusions on the impact of the Eur-
opean Working Time Directive or New Deal in the
UK.When interpreting these findings, one should con-
sider that, alongside the reduction in working hours,
other changes in postgraduate medical education and
provision of healthcare might influence the quality of
training. In the UK, training has moved away from an
apprenticeship model to a time limited programme,
with greater emphasis on clinical supervision.

Table 7 | Summary of changes and recommendations in duty hours

Variable
Code 4051 (New
York State, 1989)

ACGME recommendations2

(US, 2003)
IOM recommendations3 (US,

2009)
New Deal81 (UK,

1996) EWTD5 (UK, 2004) EWTD5 (UK, 2009)

Maximum duty hours/
week

80 hours, averaged
over 4 weeks

80hours,averagedover4weeks 80 hours, averaged over 4 weeks 56 hours, averaged
over 26 weeks

56 hours averaged
over 26 weeks

48 hours averaged
over 26 weeks

Maximum shift length 24 hours with 3 hour
transition period

30 hours (admitting patients up
to 24 hours, then 6 additional
hours for transitional and
educational activities)

30 hours (admitting patients for up
to 16 hours, plus 5 hour protected
sleep period between 10 pm and 8
am, with remaining hours for
transitional and educational
activities)

No restriction 13 hours 13 hours

Minimum rest period
between shifts

8 hours. At least one
24 hour period off
duty/week

10 hours after day shift 10 hours after day shift; 12 hours
after night shift; 14 hours after any
extended duty period of 30 hours,
not returning until 6 am next day

8 hours between
shifts, 24 hours every
7 days or 48 hours
every 14 days

11 hours between
shifts

11 hours between
shifts
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Concurrently, and consequently, there has been a
change in the role of the junior doctor in healthcare
service delivery. Use of ancillary staff to provide ser-
vices previously provided by junior doctors, such as
phlebotomy, cannulation, and basic administrative
duties, allows more time for useful training activity in
a working week limited by duty hour regulations. It is
possible that cohorts of doctors whose training out-
comes did not change with a reduction in working
hours have also seen an alteration in their clinical and
administrative responsibilities. The requirement for
this sort of change was a key recommendation of the
recent inquiry into the implications of the European
Working Time Directive on medical training in Eng-
land: “make every moment count.”88

One of the difficulties in evaluating the effects of
changes in working hours is the lack of validated mea-
sures for assessing the outcome of training. We chose
to focus on studies that reported objective measures,
such as operative case numbers or clinic attendances,
as these are less likely to be biased than subjective sur-
veys of the profession’s opinion. Even these objective
measures, however, do not fully evaluate the quality of
training. For example, case numbersmight be a helpful
guide to experience but not of training quality: per-
forming 100 simple cases might not be as useful as
undertaking 10 complex procedures. Studies in “craft
specialties” focused predominantly on the number of
operative cases undertaken. In all these specialties,
however, time spent outside the operating theatre,
such as in the outpatient clinic, emergency room, and
on inpatient wards, also has value and is important for
the development of a rounded independent practi-
tioner. Furthermore, quantitative measures such as
procedural volume must be differentiated from mea-
sures of knowledge, skill, attitude, and behaviour, all
of which are essential attributes for the independent
medical practitioner. In the UK, workplace based
assessments, such as direct observation of procedural
skills, case based discussion, and multi-source feed-
back, are now being used to evaluate competence and
aid progression of junior doctors.89 Use of other assess-
ments of procedural skill, such as cumulative sum
(CUSUM) analysis, and evaluating the association of
the outcomes of these assessments with patients’ out-
comes also requires further evaluation.90

Ultimately, the goal of postgraduate medical train-
ing is to produce doctors who are safe competent inde-
pendent practitioners. Both in the UK and US, super-
specialisation, particularly in “craft specialties,”means
that a consultant or attending physician today might
not be required to carry out the same range of indepen-
dent duties as their predecessors. Additionally, the
medical profession is seeking alternate methods of
training doctors outside their working hours, including
the use of medical simulation and clinical skills labora-
tories for training in human factors and technical pro-
cedures. It might therefore be possible for a time
limited training programme to produce doctors who
are clinically safe and able to work independently in
the modern healthcare system but who might have

previously been considered to have insufficient experi-
ence to fulfil a wider range of clinical responsibilities.

Conclusions and policy implications

The most important test of success of postgraduate
training is the professional performance of doctors
who reach the endof it. In this review, studies reporting
patient safety and clinical outcome measures exam-
ined only the immediate effect of reductions in duty
hours on care of patients; however, the potential
impact of such changes can be fully evaluated only
some years after duty hours reforms, when cohorts of
doctors trained in a limited number of hours aweek are
finally practising independently. To that end, we have
the following suggestions. Firstly, a consensus should
be reached by the medical profession on appropriate
measures to assess the quality of postgraduate medical
training. These should be both quantitative and quali-
tative and could include both process measures, such
as procedural volume, supervision levels, and time
spent in “alternative” training environments such as
simulators, and outcome measures such as the results
of formative and summative assessments. Secondly,
once suchmeasures have been agreed, we recommend
that they are confidentially reported to the organisa-
tions responsible for the quality assurance and regula-
tion of training, such as theACGME in theUS, and the
Medical Royal Colleges andGeneralMedical Council
in the UK. The reporting process should be conducted
both on an individual doctor basis for trainees, interns,
and residents, and on an institutional level for teaching
departments and programmes. This would enable
comparison between different regions and specialties
and identification of practices that lead to high quality
training. Finally, we recommend the conduct of long-
itudinal studies, evaluating the relation between the
agreed process and outcome measures for postgradu-
ate training and objective measures of outcomes
related to patients for clinicians in the first few years
of independent practice, such as rates of clinical errors
or complications ormedical negligence or malpractice
claims. Such studies would enable the evaluation of the
validity and reliability of measures of training quality
for the prediction of the future standard of care of
patients provided by independent clinicians and
would permit the refinement and re-evaluation of
these measures.
It has been stated that “training is patient safety for

the next 30 years.”88 We wholeheartedly support this
view. Our study, which summarises a diverse and
sometimesmethodologically flawedbody of literature,
has been unable to reach firm conclusions, but we con-
sider that this in itself is an important observation. We
have highlighted the need for a more systematic
approach to evaluating the impact of legislative
changes of dutyhours and the challenges of conducting
high quality audit and research in this area. In the
future, it will only be through the conduct of large, col-
laborative,multicentre evaluations of training and out-
come that both the public and the profession can be
reassured that the standard of medical training, and
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therefore of future care of patients, is of the highest
possible quality and will be maintained or improved
over time.
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