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Matthew D. Weaver, PhD, EMT-P, Ellen M. Teasley, LAT, ATC, Andrew J. Kroemer, BS,
Margaret E. Matthews, BS, Brett R. Curtis, BS, Katharyn L. Flickinger, MS, Xiaoshuang Xun, BS,
Zhadyra Bizhanova, BS, Patricia M. Weiss, MLIS, Joseph P. Condle, MS, Megan L. Renn, BS,
Denisse J. Sequeira, BS, Patrick J. Coppler, MSPAS, PA-C, Eddy S. Lang, MDCM, CCFP (EM),
Christian Martin-Gill, MD, MPH
ABSTRACT
Background: This study comprehensively reviewed the
literature on the impact of shorter versus longer shifts
on critical and important outcomes for Emergency Medical Services (EMS) personnel and related shift worker
groups. Methods: Six databases (e.g., PubMed/MEDLINE)
were searched, including one website. This search was
guided by a research question developed by an expert panel a
priori and registered with the PROSPERO database of systematic reviews (2016:CRD42016040099). The critical outcomes of
interest were patient safety and personnel safety. The important outcomes of interest were personnel performance, acute
fatigue, sleep and sleep quality, retention/turnover, longterm health, burnout/stress, and cost to system. Screeners
worked independently and full-text articles were assessed for
relevance. Data abstracted from the retained literature were
categorized as favorable, unfavorable, mixed/inconclusive,
or no impact toward the shorter shift duration. This research
characterized the evidence as very low, low, moderate, or
high quality according to the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
methodology. Results: The searched yielded n = 21,674
records. Of the 480 full-text articles reviewed, 100 reported
comparisons of outcomes of interest by shift duration. We
identified 24 different shift duration comparisons, most commonly 8 hours versus 12 hours. No one study reported findings for all 9 outcomes. Two studies reported findings linked
to both critical outcomes of patient and personnel safety, 34
reported findings for one of two critical outcomes, and 64
did not report findings for critical outcomes. Fifteen studies were grouped to compare shifts <24 hours versus shifts
ࣙ24 hours. None of the findings for the critical outcomes of
patient and personnel safety were categorized as unfavorable toward shorter duration shifts (<24 hours). Nine studies were favorable toward shifts <24 hours for at least one
of the 7 important outcomes, while findings from one study
were categorized as unfavorable. Evidence quality was low
or very low. Conclusions: The quality of existing evidence
on the impact of shift duration on fatigue and fatigue-related
risks is low or very low. Despite these limitations, this systematic review suggests that for outcomes considered critical
or important to EMS personnel, shifts <24 hours in duration
are more favorable than shifts ࣙ24 hours. Key words: Shift
duration; fatigue; safety; EMS

Received July 14, 2017 from the Department of Emergency Medicine,
University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania (PDP, EMT, AJK, MEM, BRC, KLF, XX, ZB, JPC, MLR, DJS,
PJC, CMG); Department of Emergency Medicine, Carolinas HealthCare System, Charlotte, North Carolina (MSR); National Highway
Traffic Safety Administration, Washington, District of Columbia
(JSH); Division of Sleep and Circadian Disorders, Departments of
Medicine and Neurology, Brigham and Women’s Hospital; Division of Sleep Medicine, Harvard Medical School; Boston, Massachusetts (MDW); Health Sciences Library System, University of
Pittsburgh, Pittsburgh, Pennsylvania (PMW); Emergency Medicine,
University of Calgary, Calgary, Alberta, Canada (ESL); Revision
received August 29, 2017; accepted for publication September 1,
2017.
Work performed on this manuscript was supported with funding
from the U.S. Department of Transportation, National Highway Traffic Safety Administration to the National Association of State EMS
Officials (NASEMSO): contract/grant number: DTNH2215R00029.
The views contained in this article are those of the authors
and not necessarily those of the National Highway Traffic Safety
Administration.
Authors CMG, ESL, PMW, JSH, MSR, and PDP contributed
to the conception of the design of this work. Authors CMG,
PJC, DS, MLR, JPC, PMW, ZB, XX, KLF, BRC, MEM, AJK,
EMT, MDW, MSR, and PDP contributed to the acquisition of
study data. All authors contributed to the analysis, interpretation, drafting of the manuscript, and providing critically important intellectual content. All authors reviewed and approved the
final version and agree to be accountable for all aspects of the
work.
Supplemental data for this article can be accessed on the publisher’s
website.
Address correspondence to Dr. P. Daniel Patterson, PhD, University of Pittsburgh, Emergency Medicine, 3600 Forbes Avenue,
Iroquois Bldg, Suite 400A, Pittsburgh, PA 15260, USA. E-mail:
pattersonpd@upmc.edu
Published with license by Taylor & Francis © 2018 P. Daniel Patterson, Michael S. Runyon, J. Stephen Higgins, Matthew D. Weaver,
Ellen M. Teasley, Andrew J. Kroemer, Margaret E. Matthews, Brett R.
Curtis, Katharyn L. Flickinger, Xiaoshuang Xun, Zhadyra Bizhanova,
Patricia M. Weiss, Joseph P. Condle, Megan L. Renn, Denisse J.
Sequeira, Patrick J. Coppler, Eddy S. Lang, and Christian Martin-Gill

PREHOSPITAL EMERGENCY CARE 2018;22:28–36

doi: 10.1080/10903127.2017.1376135

28

P. D. Patterson et al.

29

SHIFT DURATION AND FATIGUE IN EMS

BACKGROUND

METHODS

Many Emergency Medical Services (EMS) organizations schedule shifts of 24 hours in duration or longer
(1, 2). Some sources suggest that 12-hour and 24-hour
duration shifts are the most prevalent shift schedules
worked by EMS personnel in the United States (2–6).
Longer duration shifts are linked to greater sleepiness
and fatigue (7, 8). Fatigue affects greater than half of
EMS personnel and reports of EMS personnel falling
asleep while performing critical duties are on the rise
(9–12). There is reason to believe that EMS personnel
that work longer duration shifts are at increased risk of
fatigue and fatigue-related risks (e.g., ambulance accidents, injury, medical error, and patient adverse events)
(7, 9–11, 13). Our understanding of the relationship
between fatigue, fatigue-related outcomes, and shift
duration is limited. There is no known comprehensive
review of the evidence dedicated to explaining the relationships between shift duration and fatigue in EMS
personnel.
Placing limits on shift duration has long been a
standard tactic for fatigue management in high risk
occupations, including airline pilots, truck drivers, and
other shift worker groups (14, 15). In graduate medical
education, shift duration was restricted for first-year
medical residents following prospective studies that
demonstrated a link between extended duration shifts
and medical errors, needlestick injuries, and motor
vehicle crashes on the commute home (16–18). These
restrictions were recently modified, and the debate
on appropriate work hours for resident physicians is
ongoing. This debate is driven, in part, due to limited
understanding of the evidence of the relationship
between shift duration, fatigue, and fatigue-related
outcomes. There are no known regulatory limits on
shift duration for EMS personnel, a worker group that
similarly performs complex and high-risk activities
that can be negatively impacted by fatigue and one
that often has few layers of support to protect from
accidents and errors. A comprehensive review of the
evidence is needed to inform EMS administrators and
their decisions germane to mitigating the effects of
fatigue.
This research sought to systematically search the literature and evaluate the certainty of evidence linking
shift duration to fatigue and/or fatigue-related risks
in EMS personnel or similar workers. This systematic
literature review was guided by a single question:
“In EMS personnel, do shift-scheduling interventions
mitigate fatigue, fatigue-related risks, and/or improve
sleep?” (PROSPERO 2016:CRD42016040099) (19). Due
to the volume of literature and potential number of
shift-scheduling interventions, we further refined this
question to evaluate literature that unambiguously
compared outcomes between two or more different
shift durations.

This research used a systematic review study design
and searched five databases and one website:
PubMed/Medline, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), Scopus,
PsycINFO, the Published International Literature on
Traumatic Stress (PILOTS), and the publications section of the National Institute of Justice (NIJ) website.
The definition of our target population was developed
a priori by a panel of experts, and crafted in such a
way that literature of diverse shift worker groups
would be included: “EMS personnel or similar worker
groups, defined as shift workers whose job activity
requires multiple episodes of intense concentration
and attention to detail per shift, with serious adverse
consequences potentially resulting from lapses in concentration” (19). The details of this research methodology, study protocol, and procedures for reviewing
published and unpublished literature have been published separately (20). In the following sections, the
components of our search and review procedures
unique to this systematic review are described.

Study Design
We assessed journal publications that described randomized controlled trials, quasi-experimental studies
(21), and observational study designs (e.g., prospective cohort, cross-sectional, and analyses of secondary/
administrative datasets).

Types of Interventions
We retained research that reported on critical outcomes
of interest (e.g., patient safety) or important outcomes
(e.g., acute fatigue) identified a priori (19) and stratified by different shift durations (e.g., 12 hours versus
24 hours).

Types of Outcome Measures
This research searched the literature for two critical
and seven important outcomes of interest selected
a priori by a panel of experts (19). Panelists selected
outcomes based on procedures prescribed by the Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) framework (19, 22). The
critical outcomes of interest were patient safety and
personnel safety. The important outcomes of interest
were personnel performance, acute fatigue, sleep and
sleep quality, retention/turnover, long-term health,
burnout/stress, and cost to system.

Search Methods for Studies
A research librarian (PMW) performed searches of
six databases, including five bibliographic database
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products and one website (20). For this systematic
review, the search incorporated multiple terms covering each of three concepts: emergency medical services
and other critical shift-based occupations; fatigue,
sleep, and sleep disorders; and multiple variables of
shift scheduling (i.e., duration, rotation, rotation speed,
recovery time between shifts, number of consecutive
shifts, and shift placement (night/day). All searches
included literature from January 1980 to September
2016. Online Supplement Appendix A provides a
detailed description of the search strategies specific to
this systematic review.

comparison indicated (e.g., 8-hour versus 12-hour
shifts). Studies that reported findings by multiple shift
comparisons were collated into a category labeled
“multiple comparisons.” Three investigators (PDP,
MSR, and CMG) used a categorical system adopted by
Bolster and Rourke to describe the impact of shorter
shift durations, compared with longer shift durations, on the critical and important outcomes as favorable, unfavorable, mixed/inconclusive, or no impact
(25). Additional information regarding the protocol for
assessing the findings of retained research can be found
in a separate paper in this supplement (20).

Data Collection and Selection of Studies

Quality of Evidence

Screening

Four investigators (PDP, CMG, MSR, and ESL) used
GRADE evidence profile tables to summarize key findings stratified by shift duration comparisons and to
present a quality of evidence rating for each outcome
of interest (24, 26).

Two investigators (PJC and DJS) independently
screened titles and abstracts to identify potentially relevant publications. Two investigators (PDP
and DJS) adjudicated disagreements against inclusion/exclusion criteria: a) the study describes the
population of interest; b) the study describes shift
duration as the primary comparison of interest; and
c) the title and/or abstract describes one or more
outcomes of interest. We used the Kappa statistic to
determine inter-rater agreement.

Full-Text Review
Nine investigators (EMT, AJK, MEM, BRC, KLF, XX,
ZB, JPC, and MLR) worked independently to abstract
key information from full-text articles (Online Supplement Appendix B). Co-investigators EMT, AJK, MEM,
BRC, KLF, XX, ZB, JPC, and MLR verified all abstractions, and disagreements were resolved by discussion
with the principal investigator (PDP). This reseasrch
excluded book chapters, conference abstracts, newsletters and similar publications, and dissertations and theses. Co-investigators EMT, AJK, MEM, BRC, KLF, XX,
ZB, JPC, and MLR searched bibliographies to identify
relevant research.

Risk of Bias Assessment
Our team’s three senior investigators (CMG, MSR, and
PDP) used the Cochrane Collaboration’s Risk of Bias
tool for experimental studies to document perceived
bias of individual studies (23). The GRADE template
was used to assess risk of bias of studies with observational designs (non-experimental) (24). We resolved
disagreements through discussion and consensus.

Statistical Analysis
This research classified studies based on study design
(experimental/non-experimental) and by the shift

Reporting
Findings are presented in accordance with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) (27).

RESULTS
The search strategy yielded n = 21,674 records of
which n = 44 duplicates were removed (Figure 1). Two
investigators (PJC and MLR) independently screened n
= 21,630 titles and abstracts. The inter-rater agreement
for inclusion/exclusion during screening was moderate (Kappa = 0.49). Following conflict adjudication, n
= 244 records were judged potentially eligible based on
title and abstract. An additional n = 236 studies were
identified during bibliography searches and reviewed
in full text format. Of the n = 480 total journal articles
reviewed in full, n = 100 that reported on experimental and non-experimental studies were determined
relevant and key findings abstracted into tables (See
Online Supplement Appendix B). Of these n = 100,
n = 25 of the studies reported in these articles were
classified as experimental or quasi-experimental, and
n = 75 classified as observational or non-experimental
(See Online Supplement Table 1). There was variation
in the type of shift worker studied (See Online Supplement Table 1). Half of all studies (n = 51) included
“other healthcare shift workers,” such as nurses and
physicians. One third of all studies retained (n = 30)
included “other non-healthcare shift workers,” such as
power plant workers, long-haul truck drivers, miners,
factor workers, and others. Four studies (4%) included
public safety workers such as police officers. Fifteen
studies (15%) included EMS professionals, including
ground-based EMS, air-medical, and fire-based EMS
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PRISMA 2009 Flow Diagram for PICO#2 PROSPERO 2016:CRD42016040099.

shift workers. Three hundred eighty journal articles
were excluded after full-text review and reasons given
for exclusion are organized in the Population, Intervention, Comparison, Outcome (PICO) format (See
Online Supplement Appendix C) (28–30). Risks of bias
detected in the 100 retained studies are described in
the Online Supplement Appendix D. See Online Supplement Appendix E for a complementary document
to Online Supplement Table 1. Online Supplement
Appendix E provides additional detail of our findings
stratified by the specific shift duration comparisons
and study types.
This research identified 24 different shift duration
comparisons (Online Supplement Table 1). Approximately 40% of all studies (n = 38) compared outcomes
by 8 versus 12-hour shifts. One quarter of all studies (n
= 24) compared outcomes by multiple shift durations.
The remaining 38 studies compared outcomes by the
following durations: 4 versus 6-hour (n = 3 studies), 6
versus 12-hour (n = 1), 6 versus 30-hour (n = 1), <8
versus >8-hour (n = 2), 8 versus 9-hour (n = 2), 8 versus 10-hour (n = 1), 8 versus 16-hour (n = 2), 8 versus
24-hour (n = 3), 8.5 versus 24-hour (n = 1), 9 versus
32-hour (n = 1), 10 versus 13-hour (n = 2), 10 versus
14-hour (n = 2), <12 versus >12-hour (n = 1), 12 ver-

sus 18-hour (n = 1), 12 versus 20-hour (n = 1), 12 versus
24-hour (n = 6), <13 versus >13-hour (n = 1), 14 versus
24-hour (n = 1), 14 versus 28-hour (n = 1), <16 versus
ࣙ16-hour (n = 2), <24 versus ࣙ24-hour (n = 1), and 24
versus 48-hour shifts (n = 2).
No one study reported findings connected to all
nine of the critical or important outcomes (Online Supplement Table 1). Of the 100 total studies, only two
reported findings linked to both critical outcomes of
patient safety and personnel safety, 34 studies reported
findings for one critical outcome, and 64 did not report
findings for either of the critical outcomes. Six of the
100 total studies reported findings for 5–7 important
outcomes, 47 reported findings for 2–4 important outcomes, and 83 studies reported findings for at least one
important outcome. Of the nine outcomes of interest,
studies most often reported findings for acute fatigue.
We grouped together eight different shift comparisons and 15 experimental and non-experimental studies into a new category (shifts <24 hours versus
shifts >24 hours; See Online Supplement Table 2).
One of the 15 studies was a direct comparison of
<24 hours versus ࣙ24-hour shifts, and 6 studies compared 12-hour versus 24-hour shifts. Eight studies
reported outcomes stratified by 6 versus 30-hour shifts,
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8 versus 24-hour, 8.5 versus 24-hour, 9 versus 32hour, 14 versus 24-hour, and 14 versus 28-hour shifts.
Three of the 15 studies grouped into the <24 versus ࣙ24-hour comparison reported findings for critical outcomes of patient and personnel safety (16,
31, 32). One study by Talusan et al. measured the
reaction time of medical residents at the start and
end of shifts in a driving simulator (32). These findings were categorized as mixed/inconclusive. Allen
et al. measured the success rate of endotracheal intubations with an analysis of archived medical recordsand the findings were categorized as not impact (31).
Barger et al. measured motor vehicle crashes in relation to shift duration with findings categorized as
favorable toward shifts <24 hours in duration (16).
Nine studies were favorable toward <24-hour shifts for
at least one of the seven important outcomes, while
findings from one study were categorized as unfavorable. The latter study by Yi et al. assessed psychomotor performance on a laparoscopic simulator at
the end of 12-hour and 24-hour shifts (33). Findings
showed no differences by shift duration for four of
five psychomotor performance measures. Speed of the
dominant hand was faster at the end of the longer
duration shift compared to the end of the shorter duration shift. We categorized these findings as unfavorable toward the shorter duration shift for the outcome
measure of personnel performance (See Online Supplement Table 1). Notably, none of the findings abstracted
from any of the 15 studies linked to critical outcomes of
patient and personnel safety were categorized as unfavorable toward the shorter duration (<24 hours) shifts.
Findings reported by the 38 studies comparing 8hour versus 12-hour shifts were mixed (See Online
Supplement Table 1 and Online Supplement Appendix
E). Three studies reported findings judged favorable
toward the shorter 8-hour shifts for the critical outcomes of patient or personnel safety. Two studies
reported findings linked to indicators of personnel
safety that we categorized as unfavorable toward the
shorter duration 8-hour shift. For the important outcomes, six studies were favorable and 12 unfavorable
toward 8-hour shifts, with one study both favorable
and unfavorable for certain outcomes. Sixteen studies
showed mixed/inconclusive findings for at least one
important outcome.
Twelve of 24 studies (50%) grouped into the multiple
comparisons category, including two with experimental designs, reported findings germane to critical
outcomes of patient and personnel safety (Online Supplement Table 1 and Online Supplement Appendix E).
Fifty-four percent of studies (n = 7) had findings that
favored the shorter duration shifts, 34% (n = 4) were
categorized as no impact, 8% (n = 1) was categorized
as mixed/inconclusive, and no study that reported
on critical outcomes reported findings categorized as
unfavorable towards shorter duration shifts. Eighty-
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three percent of studies (n = 20) reported findings
linked to at least one important outcome of interest.
Thirty-three percent of studies (n = 8) reported on two
or more important outcomes and only 16.7% (n = 4
studies) reported findings for three or more important
outcomes. One study reported findings categorized
as unfavorable toward shorter duration shifts (34).
Amendola et al. studied two police departments in
an experimental study and measured the impact of
shorter (8-hour) versus longer duration shifts (10-hour
and 12-hour) on overtime costs to the employer (34).
Findings show a significantly greater number of overtime hours among officers on the 8-hour shifts (5.75
hours) than officers on the 10-hour (0.97) or 12-hour
shifts (1.89). This study categorized these findings as
unfavorable toward the shorter duration shift specifically for the important outcome of cost to system.
The categorization of other findings linked to important outcomes was mostly favorable toward shorter
duration shifts (Online Supplement Table 1).

Quality of Evidence
Our analysis of quality is presented in GRADE
evidence profile tables and accessible in Online
Supplement Table 3. We determined that, regardless
of the shift hour comparison, most of the 25 experimental studies provided inadequate descriptions of
randomization procedures, limited information about
allocation concealment, and uncertainty with respect
to safeguarding against threats to internal validity.
Most studies evaluated reported use of observational
study designs (e.g., cross-sectional, cohort, etc.). We
discovered inconsistency in findings for important outcomes. Most studies focused on non-EMS personnel
and provided indirect evidence. We also downgraded
the assessment of the quality of evidence for imprecision. For most outcomes, the quality of evidence was
rated low to very low.

DISCUSSION
Summary of Main Results
There is considerable research comparing fatiguerelated outcomes by different shift durations. More
than one-third of all studies reported outcomes of interest by the 8 versus 12-hour duration, and one-quarter
compared outcomes by multiple shift durations. The
analysis of the ratio of favorable versus unfavorable
findings in the 8-hour versus 12-hour comparison led
to the conclusion no clear advantage of one shift duration over the other. The pattern analysis of studies with
multiple shift hour comparisons similarly suggested
that shorter duration shifts are not consistently favorable over longer duration shifts across all comparisons.
Few studies compared critical or important outcomes
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by extended shift durations common in EMS organizations (i.e., 12-hour, 24-hour, and 48-hour shifts). Fifteen studies were grouped to compare shifts <24 hours
versus ࣙ24 hours, which are commonly utilized in
EMS systems. Our study examined patterns of outcome data in this comparison and determined that for
the three studies reporting data for critical outcomes of
patient and personnel safety, one study was favorable
toward the shorter duration shift for personnel safety,
while the other two were classified as no impact and
mixed/inconclusive for patient and personnel safety,
respectively. Additionally, nine studies reported findings judged favorable toward shifts <24 hours for one
or more important outcomes (e.g., personnel performance). The quality of evidence reviewed, regardless
of shift hour comparison, was adjudicated as low or
very low for most studies.

Inclusion / Exclusion of Prior Research
We included journal articles that reported on studies
involving any type of shift worker (i.e., clinician, truck
driver, pilot, etc.) and unambiguously compared outcomes by shifts of two or more different shift durations.
All other articles were excluded, including book chapters, newsletters, and similar documents.

Quality of Evidence
Overall, this study determined the research examined
in this systematic review presented a high risk of bias.
The research assessments of evidence quality varied by
outcome and by shift hour comparison but were considered either low or very low.

Agreement and Disagreement With Other
Systematic Reviews
Our systematic review is similar to reviews by Bae and
Fabry; Neil-Sztramko et al.; Uehli et al.; Estabrooks
et al.; and Short et al. (35–39). This work is similar
because it included/retained many of the same studies,
was searching for similar outcomes of interest, or was
inclusive of multiple types of shift worker groups. This
work is different from prior work because some of the
studies retained in these prior reviews were ultimately
excluded from this analysis. The most common reason
for exclusion from this review was that the comparison of interest was not reported; a common reason for
exclusion in systematic reviews with focused research
questions (30).
This systematic review differs from prior systematic reviews by Reed et al.; Leroyer et al., Harris et
al.; Baldwin et al.; Fletcher et al.; Mansukhani et al.;
Fletcher et al.; Fletcher et al.; Moonesinghe et al.;
Jamal et al.; and Levine et al. (40–50). Many previous reviews retained studies that reported find-

ings stratified by shift scheduling systems/patterns,
or reported on studies that examined outcomes before
and then after implementation of a new shift schedule. We excluded studies retained in these previous
systematic reviews that reported findings stratified
by different shift scheduling systems/patterns (e.g.,
a night float system versus a more traditional physician shift schedule/pattern/rotation), or reported on
findings before/after implementation of a new shift
system and did not report findings stratified by specific durations (51–55). A number of systematic reviews
describe shift work schedules, patterns, and other
aspects of shift work for select shift worker populations (e.g., maritime/shipping, healthcare professionals, and others) (44–20, 56–59). This review was
inclusive of all shift worker groups. A review by
de Cordova et al. involved a mixed-methods review
of literature/research that examined “off-shift” work
hours and patterns (e.g., out-of-hours, after-hours,
off-peak hours, weekends) (60). This review did not
focus on “off-shift” work. The present review differed
from the systematic review by Driscoll et al. because
select observational designs (i.e., cross-sectional studies) were excluded in the prior review (61). In contrast, cross-sectional studies, case-reports, and other
designs were reported that lack a concurrent referent
group.
Many of the reviews previously cited examine shift
systems, patterns, or rotations isolated to a specific shift
worker (e.g., nurse, physician). The systematic review
makes a meaningful contribution to the literature with
a focused assessment of studies that compared a minimum of one shift duration to another among EMS
workers or related occupational groups.

Operational Context
Our research found few studies that compared shift
durations common in EMS (e.g., several studies
included maritime workers or train drivers and compared 4- versus 6-hour shifts) (62–64). We downgraded these studies for indirectness using the GRADE
methodology and grouped like studies with relatively similar durations to allow for a synthesis of
multiple studies. Our approach created three stratums of shift duration comparisons: <24 hours versus ࣙ24 hours, 8 hours versus 12 hours, and a combination of other shift comparisons (labeled as multiple
comparisons).
Our study focused on studies that compared shifts
<24 hours to shifts ࣙ24 hours. This scheduling decision is commonly considered in the EMS operational
setting. Remaining awake for just 19 consecutive hours
results in cognitive performance impairment similar
to that observed with a blood alcohol concentration
(BAC) of 0.05, with 24 hours of continuous wakefulness equivalent to a BAC of 0.10 (65). Without on-shift
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rest, a 24-hour work shift would lead to significant
neurocognitive impairment for most individuals. The
findings showed a preponderance of literature demonstrating that shifts of 24 or more hours in duration,
compared to shifts <24 hours, are associated with
worse personnel safety, personnel performance, acute
fatigue, sleep and sleep quality, retention/turnover,
and long-term health. This finding has important
implications for EMS systems as many use shift schedules incorporating individual shifts of 24 hours (1, 2).
Shifts of 8 hours and 12 hours in duration are utilized
in EMS systems. This research identified 38 studies
that reported this comparison. The analysis revealed
no consensus in findings among these studies, with a
generally even split in favorable and unfavorable findings for the outcomes of interest (Online Supplement
Table 1, Appendix B and E). Specific to patient and personnel safety, neither shift type consistently revealed
itself as the safer option.
Evaluation of the remaining shift comparisons provide some perspective into the question of whether
shorter versus longer shifts should be preferred. A
greater proportion of these studies showed favorable
findings for shorter duration shifts when considering the outcomes of personnel safety, personnel
performance, acute fatigue, retention/turnover, and
long-term health (See Online Appendices B and E).

LIMITATIONS
The literature collected for this systematic review was
isolated to selected databases, websites, and a search
strategy specific to this study (20). Other databases
and sources may maintain literature and research that
could be relevant to our PICO question.
The judgment of screeners to include or exclude a
record based on title/abstract may differ from others.
The decisions of the screeners were examined against
decisions by the principal investigator PDP with a random sample of n = 50 titles and abstracts selected from
the initial pool of screened records. Findings from this
assessment of 50 revealed 100% agreement among PDP,
CMG, and JPC on decisions to include/exclude based
on title and/or abstract alone.
The judgments on the favorability of findings
reported in retained studies may differ from those
of others reviewing the same literature. The GRADE
framework guided the judgment of evidence quality.
For judgments of favorability and of evidence quality,
we used the decision rule that two of the three senior
investigators must agree to issue a final decision. Similar to other systematic reviews, we used discussion to
address disagreements (25, 37, 46).
Finally, the findings are limited by indirectness of
the populations studied. Indirectness is a common
problem for guideline developers (66). All 100 studies retained in this systematic review met the criteria
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for inclusion (including EMS personnel or similar shift
workers); however, the bulk of the evidence did not
directly compare outcomes of interest when applied
to EMS personnel. Fifteen of the 100 studies retained
in this systematic review included EMS personnel (4
studies related to shifts < or > 24 hours). The remaining 85 studies involved other types of shift workers.
This research addressed this issue by downgrading
the quality of evidence per guidance from the GRADE
methodology.

CONCLUSION
The research reviewed had numerous methodological
limitations, which contributed to low or very low
judgments of evidence quality for most outcomes.
Despite limitations, the findings from this systematic
review suggest that for outcomes considered critical
or important to EMS, shifts <24 hours in duration
are more favorable than shifts ࣙ24 hours. The need
for additional research of EMS shift scheduling is
compelling.
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