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Background (2) Objectives (3) Methodology (4) Findings (5) Conclusions (6) Policy
Implications / recommendations

Scientific Background: Prolonged shifts over 12-hours induce fatigue, impairing doctors' cognitive abilities
and risking medical errors. Globally, residents' shifts are being reduced. However, concerns about training
qguality and continuity of care persist. Limited current data underscores the need for comprehensive
research.

Objectives: to determine the impact of shortening of shifts of physicians during their residency.
Methodology: We performed a systematic review and meta-analysis following PRISMA guidelines.
Primary outcomes included patient and physician safety, and residency quality. Secondary outcomes
involved care quality, resident and patient satisfaction, and residency attrition. Pooled Odds Ratios and
Risk Ratios were calculated.

Findings We included 106 studies out of 7603 publications, focusing on shifts of 24,16, and 13-hours.
Shortening of shifts of residents improved residents’ safety, satisfaction, and work-life balance, while
maintaining safety of patients. However, the effects of shortening of shifts on quality of residency and
continuity of care were heterogeneous. In the meta-analysis of surgical experience in general surgery,
operative volume has decreased (pooled std. mean difference 0.90, 95% CI 0.03-1.77, p=0.04), while
other studies have shown maintenance and improvement in surgical experience after shift shortening.
Test scores showed minimal changes.

Conclusions: Studies that did not find a decrease in surgical experience after shortening shifts prove that
with careful planning, surgical experience can be maintained. Future studies should include an
examination of effects on non-surgical education and preservation of quality of residency. Addressing
knowledge gaps, like attrition rates, specialization shifts, and costs, is vital for evaluating resident
schedule changes comprehensively.

Policy Implications/recommendations: Israel reduced non-surgical residency shifts to 19-21 hours in
September 2023. Limited data on this range led us to analyze 16-18-hour shifts, showing positive
outcomes. Despite benefits, shift reduction requires careful planning. Strategies like structured learning,
mentorship, assessments, and research involvement can ensure education continuity. Patient care can be
maintained through effective handover protocols and collaboration with healthcare professionals.
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1. Scientific background

Prolonged shifts, exceeding 12 hours, contribute to fatigue and sleep deprivation,
impair cognitive function, decision-making abilities, and reaction times. Reduced job
performance, including compromised critical thinking and communication skills, has
been observed with long shifts [1]. The association between extended shifts and
adverse events, such as medication errors and misdiagnoses, underscores the
increased risk of medical errors [2-3]. Safety concerns, including an elevated risk of
occupational hazards and compromised patient care, were raised as well .[4]

For more than two decades there has been a trend of shortening the shifts of
physicians during their residency. In July 2003, the US Accreditation Council for
Graduate Medical Education (ACGME) mandated nationwide duty hours regulations
(DHR) on resident work hours restricting resident physicians work to no more than
24 consecutive hours (ACGME 2003-DHR) [5]. In 2008, the US National Academy
of Medicine recommended that resident physicians work no more than 16
consecutive hours [6], and in 2011 the Accreditation Council for Graduate Medical
Education (ACGME) partially acted on this recommendation, prohibiting shifts
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exceeding 16 hours for first-year residents (ACGME 2011-DHR) [7]. This guideline
was rescinded, due to opposition within the medical community, and after further
trials showed mixed benefit depending on the outcome of interest [8-9]. In Europe,
the European Working Time Directive (EWTD) applicable to all occupations across
the European Union (EU), requires a maximum working week of 48 hours and
establishes rest periods: a minimum rest period of 11 in each 24 hours, and one
day in each week [10]. Each European Union member state implemented the
Directive in its own legislation. The UK has applied it fully to junior doctors since
2009, with a limit of 48 h/week, averaged across a reference period of 26 weeks,
alongside specified minimum rest periods .

While the main purpose of these changes is to improve the working conditions of
physicians during their residency and to improve the safety of the patients as well
as the physicians, concerns were raised about the potential harms and the effects
on the quality of the residency and the continuity of care .

A recent systematic review examined the effects of the ACGME 2011-DHR on
surgical patient outcomes, surgical resident case volume, and surgical resident
quality of life. Fifteen studies were included. The study concluded that the 2011-
DHR did not improve patient outcomes; decreased surgical experience for junior
residents; and shifted clinical responsibilities to senior residents [11]. A systematic
review published in 2014 examined the effects of European Working Time Directive
on health effects in physicians. Eleven studies were included. An association was
found between extended long working hours and percutaneous injuries and road
traffic accidents. The evidence was insufficient for mood disorders and general

health [12]. Up-to-date, comprehensive, and recent data are lacking.

2. Research objectives

We performed a systematic review and meta-analysis to determine the impact of
shortening shifts of physicians during their residency on clinical and safety

outcomes of patients and physicians, and on quality of the residency.
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3. Methodology

We conducted a systematic review and meta-analysis of original data gathered from
studies assessing shortening of shifts among medical residents. The review is
reported in accordance with the reporting guidance in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement [13], and the
study protocol was registered in PROSPERO (CRD42023390197).

Eligibility criteria:

We included cluster randomized trials (CRT), randomized controlled trials (RCTSs),
non-randomized trials, and comparison observational trials (concomitant or with
historical controls), and pre-intervention and post-intervention in the same
participants; assessing shortening of shifts in physicians who are in the course of
their residency or subspecialty fellowship, versus no shortening of shifts. In studies
assessing other populations in addition to residents, only information on residents
were collected.

Outcomes:

Primary outcomes :

For patients: 30-day patient mortality, complications and adverse events (medical
errors, injury due to medical management, etc.) .

For physicians: quality of residency (operative volume, test scores etc.), safety
outcomes (stress, anxiety, depression, adverse events, substance abuse, suicide
rates, car accidents etc.) .

Secondary outcomes :

For patients: quality of care measures, continuity of care, and patients' satisfaction.
For physicians: residency attrition rates, rates of transitioning to other
specializations, quality of life, and satisfaction with residency training .

Costs and changes in staffing in the intervention and control periods.

Information sources:

We searched PubMed, EMBASE, The Cochrane Library, Google Scholar, and

opengrey.eu.

Search strategy:
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Search terms were comprised of terms describing the population (physicians during
their residency), the intervention (shortening of shifts), and the eligible study
designs .

For the full search strategy see Appendix 1.

Study selection:

An initial review of titles and abstracts for relevancy and duplicates were conducted.
Eligible studies were fully reviewed by two reviewers independently.

Data Extraction and Quality Assessment:

Data were extracted independently by two investigators. Inconsistencies were
solved by a discussion with a third researcher. We collected data, using an excel
spreadsheet, on: study design, publication date, primary hypothesis, setting,
geographic location, centers, funding, study duration, follow-up duration, sample
size, average age, gender, specialty, postgraduate level, type of shift shortening,
control characteristics, and study outcomes.

Risk of bias was appraised by both investigators [14-15] .

Data Analysis:

Data are presented as percentages for categorical variables, mean + standard
deviation for normally distributed continuous variables, and median and interquartile
range (IQR, 25-75 percentiles) for non-normally distributed continuous variables.

Data synthesis:

Meta-analysis was performed using the Cochrane Review Manager (RevMan) 5.4.
Heterogeneity was evaluated using the chi-squared-based Q-test. For dichotomous
outcomes, whenever the 12 was higher than 50%, representing significant
heterogeneity, we implemented the random-effect model (the Mantel-Haenszel
method). Pooled Odds Ratios (OR) with 95% Cls reflecting overall measure of
effect size were calculated for patient safety outcomes: 30-day mortality,
complications and adverse events. For specific analysis of RCTs, pooled Risk
Ratios (RR) were calculated. Studies examining long term mortality or for which
data on number of events or exact sample size could not been obtained, were not
included in the pooled analysis. For these studies data were presented
descriptively .
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Sensitivity analyses excluded trials performed for more than 5 years for the pooled
effect for 30-day mortality, due to confounding effects associated to study period.
Sub-group analysis included surgical and non-surgical specialties, and specialty
type.

For continuous outcomes, when heterogeneity was higher than 50%, we
implemented the random-effect model (inverse variance). Standardized mean
difference with 95% Cls reflecting overall measure of effect size were calculated for
residents’ educational outcomes (operative experience). Studies for which data on
mean value, standard deviation, or sample size could not been obtained, were not
included in the pooled analysis. For these studies data were presented
descriptively .

Separate pooled analyses were conducted specifically for patient safety outcomes
and residents experience, to examine the effects of shortening shifts to 16 hours or
less, aligning with the policy to reduce shift durations in Israel.

Since we used crude data submitted by the authors, an adjusted analysis could not

be conducted. For all analyses, P<0.05 was considered significant.

4. Eindings
Considering the substantial volume and complexity of the results, they have been

included in a separate appendix (Appendix 2)

5. Discussion and Conclusions

This systematic review and meta-analysis encompassed 106 studies, including
eight RCTs, evaluating the impact of different shift-shortening interventions on
various outcomes in medical practice. The studies included mainly the following
interventions: shortening shifts to 24 consecutive working hours, 16 consecutive
working hours, and 13 consecutive working hours .

Among these studies, four RCTs and sixteen observational studies offered valuable
insights into residents’ perspectives on their well-being, job satisfaction and overall
QOL. Notably, shortening of shifts emerged as a positive factor, improving
residents' satisfaction with personal life while maintaining stable job satisfaction,

indicating a positive impact on work-life balance. Importantly, shorter shifts were
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linked to better sleep quality, reduced smoking rates, and increased life satisfaction.
These improvements were associated with benefits in mental health, including
lower anxiety and depression scores .

Only thirteen studies investigated safety outcomes among residents. Weaver et al.
evaluated the impact of 2011-DHR on the safety and health of first-year resident
physicians and found a significant decrease in accidents involving motor vehicles,
attentional failures, and in percutaneous injuries. Other studies also reported
reduced attentional failure, and increased sleep duration with shorter shifts .
Diverse study findings reveal the complex effects of shift-shortening measures on
medical education and quality of residency. The reduction in the average operative
volume for general surgery residents, raise concerns about the practical exposure
gained during training. While some studies reported decreased operative
experience, others found no significant differences or even increased case volume,
illustrating that with proper planning operative experience can be maintained .

In the context of non-surgical education, while some studies noted reductions in
resident presentations on rounds and patient visit numbers, others found increased
research publications among residents. Interestingly, no substantial differences
were observed in test scores and acquisition of theoretical knowledge based on
varying on-call shift durations, reflecting a consistent academic performance despite
altered work schedules .

In terms of patient safety, a significant reduction in 30-day mortality was observed in
both surgical and non-surgical specialties when shifts were shortened. However,
this effect was diminished when non-surgical studies with longer than 5-year study
periods were excluded, suggesting that clinical and demographical variables that
changed over time may influence outcomes. Moreover, RCTs specifically did not
show any significant impact on 30-day mortality. Shift-shortening interventions did
not significantly impact complications or adverse events in pooled analysis across
surgical and non-surgical fields. Notably, two RCTs indicated a positive effect on
Serious Medical Errors in intensive care units with shift schedule of 16 hours and
less. Thus, these findings suggest that shortening shift policies appear to be safe

for patients .
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Patient quality of care and satisfaction exhibited mixed results. While residents
perceived a decline in quality and continuity of care, studies found no significant
differences in patient perceptions regarding doctor visits and satisfaction .

Our findings, indicating that shorter shift interventions have not significantly
influenced patient safety outcomes, are consistent with prior research [123-125].
Moreover, earlier reviews have also highlighted improvements in residents' quality
of life, sleep patterns, and reduced fatigue due to these interventions [123, 125,
127]. Supporting our results, a 2014 systematic review, focusing on the EWTD
regulation, found an association between reduced percutaneous injuries and road
traffic accidents with shortened shifts [127]. However, findings related to medical
education and residency quality, similar to our study, have varied in other reviews.
A 2010 systematic review examining the reduction of resident shifts to 16 hours
indicated generally unchanged medical education [123]. In contrast, a 2014
systematic review reported a perceived negative impact on surgical operative and
technical skills, with conflicting evidence on resident education [127]. Two
subsequent reviews from 2015 and 2016, found adverse effects on resident
education .[124-125]

This study has several limitations. Firstly, the heterogeneity of study interventions
and outcomes presented a challenge. We maintained broad inclusion criteria to
maximize the comprehensiveness of this review. We managed this heterogeneity
by employing pooled analysis where feasible, creating sub-groups, conducting
sensitivity analyses, and summarizing results that could not be synthesized through
text and tables. Secondly, research examining the well-being, job satisfaction, and
quality of life of residents predominantly depended on subjective evaluations.
Because residents could not be blinded to their shift durations, inherent biases were
present. Thirdly, the focus of medical education studies was primarily on surgical
trainees, limiting our understanding of non-surgical specialties. Long-term
educational outcomes, residency attrition rates and the trend towards transitioning
to less challenging specializations were not evaluated. Additionally, the majority of
interventions in the studies involved adjustments to resident schedules and total
weekly working hours, extending beyond just shortening shifts. This complexity
restricts our ability to solely attribute outcome changes to the reduction in shift
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duration. Certain residency programs introduced other modifications, such as
addition of interns or other personal, making it difficult to isolate the effects of
shorter shifts from these co-interventions. However, it is noteworthy that shift
shortening was the only consistent intervention across all studies in this review.
This consistency diminishes the likelihood that co-interventions were solely
responsible for the observed effects across studies. Another limitation of this review
is the absence of a summary regarding the resources allocated for the
implementation of shift shortening interventions. During our data collection, we
encountered limited evidence on this crucial topic.

In conclusion, shortening shifts emerged as a positive factor, improving residents'
satisfaction with personal life and contributing to a better work-life balance; while
maintaining safety outcomes in patients, and improving safety outcomes of
residents. However, the effects on medical education were multifaceted. Studies
that managed to preserve or even increase operative volume, illustrate that with
proper planning operative experience can be maintained. There is a need for
continued research to comprehensively understand the impact of shift shortening on
non-surgical education, and to explore various strategies to preserve the quality of
residency programs. Future studies must address critical knowledge gaps, including
residency attrition rates, the shift towards less challenging specializations, and the
resources invested in implementing shift shortening interventions. Understanding
these aspects is essential for conducting a comprehensive evaluation of the

changes implemented in residents' schedules.

6. Policy Implications and Recommendations

Israel initiated the shortening of non-surgical residency shifts from 26 to 19-21
hours in September 2023. We conducted a sub-analysis of existing studies,
focusing on shifts shortened to 16-18 hours due to limited data on the 19-21-hour
range. Our research revealed a generally positive impact on various outcomes,
endorsing the new policy. Nevertheless, this reduction in shift length requires
careful consideration. It necessitates concurrent strategies to ensure the continuity

of medical education and patient care .
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Examples of strategies that can be employed for medical education continuity :
« Structured learning sessions during non-clinical hours (case discussions,
workshops, and simulations).
« Establish mentorship programs where experienced physicians mentor
residents individually or in small groups .
 Perform regular assessments to monitor residents' progress.

» Encourage residents to engage in research projects or clinical studies
during their reduced shifts

Examples of strategies that can be employed for patient care continuity:

 Develop comprehensive handover protocols for the transition of patient
information during shift changes .

* Enhance collaboration with nurses, physician assistants, and other

personal to share the patient care workload and assist residents.
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