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EFFECT OF TASK LOAD INTERVENTIONS ON FATIGUE IN EMERGENCY MEDICAL
SERVICES PERSONNEL AND OTHER SHIFT WORKERS: A SYSTEMATIC REVIEW

Jonathan R. Studnek, PhD, NRP, Allison E. Infinger, MSPH, Megan L. Renn, BS, Patricia
M. Weiss, MLIS, Joseph P. Condle, MS, Katharyn L. Flickinger, MS, Andrew J. Kroemer, BS,
Brett R. Curtis, BS, Xiaoshuang Xun, BS, Ayushi A. Divecha, MPT, Patrick J. Coppler, MSPAS,
PA-C ©, Zhadyra Bizhanova, BS, Denisse J. Sequeira, BS, Eddy Lang, MDCM, CCFP (EM), J.
Stephen Higgins, PhD, P. Daniel Patterson, PhD, NRP

ABSTRACT

Background: Modifying the task load of Emergency Med-
ical Services (EMS) personnel may mitigate fatigue, sleep
quality and fatigue related risks. A review of the literature
addressing task load interventions may benefit EMS admin-
istrators as they craft policies related to mitigating fatigue.
We conducted a systematic review of the peer-reviewed lit-
erature to address the following question: “In EMS person-
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nel, do task load interventions mitigate fatigue, mitigate
fatigue-related risks, and/or improve sleep?” (PROSPERO
2016:CRD42016040114). Methods: We performed a system-
atic review of the literature that described use of random-
ized controlled trials, quasi-experimental studies, and obser-
vational study designs. We retained and reviewed research
that involved EMS personnel or similar shift worker groups
18 years of age and older. Studies of ‘healthy volunteers’
and non-shift worker populations were excluded. Studies
were included where the methodology of the study implied
a theoretical framework of task load (or workload) affect-
ing fatigue, and then fatigue related outcomes. Outcomes of
interest included personnel safety, patient safety, personnel
performance, acute fatigue, and cost to system. We used the
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) methodology to summarize find-
ings and assess quality of evidence from very low to high
quality. Results: The search strategy yielded 3,394 unique
records resulting in 58 records included as potentially eli-
gible. An additional 69 studies were reviewed in full fol-
lowing searches of bibliographies. We detected wide vari-
ation in the description and measurement of task load in
the retained and excluded research. Among 127 potentially
relevant studies reviewed in full, five were judged eligible.
None of the retained studies reported findings germane to
personnel safety, patient safety, or cost to system. We judged
most studies to have serious or very serious risk of bias.
Conclusions: The effect of task load interventions on fatigue,
fatigue-related risks, and/or sleep quality was not estimable
and the overall quality of evidence was judged low or very
low. There was considerable heterogeneity in how task load
was defined and measured. Key words: task load; fatigue;
Emergency Medical Services
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BACKGROUND

Fatigue in the Emergency Medical Services (EMS)
workplace may be related to high patient care loads,
demanding work schedules, and associated stress
(1-3). Higher annual EMS patient load has been linked
to lower levels of safety climate, teamwork climate,
perceptions of management, job satisfaction, and
poorer perceptions of working conditions (4). Task
load is defined as the perceived difficulty in accom-
plishing a task or subjective mental workload. In
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EMS, task load can vary greatly by shift and by EMS
system. For example, navigation to and from emer-
gency scenes may have a higher perceived task load for
an individual that operates in an organization that uti-
lizes system status management, requiring a breadth
of geographic knowledge compared to an individual
that consistently responds from a fixed post location to
the same geographic area. Conceptually, task load can
affect perceived fatigue while on the job and impact
sleep quality during or after a shift. As perceived
fatigue increases and is potentiated by poor sleep
quality, the likelihood fatigue-related risks occurring
is increased. Fatigue-related risks in the EMS setting
could include patient care errors, decision-making
errors, or distracted driving.

Modifying the task load of EMS personnel may
mitigate fatigue, sleep quality, and fatigue related
risks. Task load modification might include reducing
cognitive burden by limiting multi-tasking, increas-
ing the automation of tasks, or decreasing the over-
all workload. Our understanding of the relationships
between task load, fatigue, and outcomes of impor-
tance to EMS operations is limited. However, it is likely
that interventions to reduce task load that have suc-
cessfully mitigated fatigue in other professions may
translate to EMS. A broad review of the published lit-
erature addressing task load interventions may bene-
fit EMS administration by summarizing the evidence
in favor of or against use of task load interventions to
mitigate fatigue and fatigue related risks in the EMS
environment.

We conducted a systematic review of the peer-
reviewed literature to address the following question
(PROSPERO 2016: CRD42016040114): “In EMS person-
nel, do task load interventions mitigate fatigue, miti-
gate fatigue-related risks, and/or improve sleep?” (5).

METHODS

We conducted a systematic review of multiple
databases. The details of our methodology, study
protocol, and procedures for reviewing published and
unpublished literature are described in a separate pub-
lication (6). In this paper, we provide a brief summary
of the study protocol unique to this systematic review.

Study Design

We assessed journal publications that described use of
randomized controlled trials, quasi-experimental stud-
ies (7), and observational study designs.

Types of Participants

The description of our target population was devel-
oped a priori by a panel of experts to be inclusive of
EMS personnel and related shift worker groups: “EMS
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personnel or similar worker groups, defined as shift work-
ers whose job activity requires multiple episodes of intense
concentration and attention to detail per shift, with seri-
ous adverse consequences potentially resulting from lapses
in concentration (5). Studies that involved “healthy
volunteers” and non-shift worker populations were
excluded.

Types of Interventions

We retained journal articles that reported studies
testing or evaluating task load or workload inter-
ventions in the operational setting to address fatigue
and fatigue-related risks. There is no gold standard
measure of task load. For the purposes of this sys-
tematic review, we retained literature that included
a measure of task load that was defined as an indi-
vidual’s reported difficulty in accomplishing a task or
perceived mental workload. This measurement could
occur at a single point in time or as a repeated measure.

Types of Outcome Measures

A panel of experts selected outcomes of interest a priori,
which include personnel safety, patient safety, person-
nel performance, acute fatigue, and cost to the system

).

Search Methods for Studies

We describe the details of our methodology and search
strategies in a separate publication (6). In that paper, we
identify all databases searched, terms, and a descrip-
tion of vocabulary. Each search for this systematic
review incorporated multiple terms covering three
concepts: emergency medical services and other critical
shift-based occupations; fatigue, sleep, and sleep dis-
orders; task load and workload. All searches included
literature from January 1980 to September 2016. See
Online Supplemental Material for the details of our
search strategy.

Data Collection and Selection of Studies
Screening

Co-investigators (PJC and JPC) independently
screened titles and abstracts of search results to identify
studies potentially germane to the study objectives.
Two additional investigators (PDP and DJS) adju-
dicated disagreements against inclusion/exclusion
criteria: a) the study included the population of inter-
est; b) the title and/or abstract describe one or more
outcomes of interest; and, c) the study reports find-
ings stratified by task load (or workload). The Kappa
statistic was used to determine inter-rater agreement
during screening.
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Full-Text Review

Eight investigators (MLR, JPC, KLE, AJK, XX, AAD,
ZB, and PDP) worked independently to abstract key
information from full-text articles. Key information
abstracted included: study design, participant char-
acteristics, intervention characteristics, comparisons,
outcome measures, and key findings. Three investi-
gators (MLR, KLF, and AAD) verified data abstrac-
tions and disagreements were adjudicated with discus-
sion. We excluded book chapters, conference abstracts,
newsletters, dissertations, and theses. Bibliographies of
retained literature were searched to identify additional
relevant research.

Risk of Bias Assessment

Our team’s three senior investigators (JRS, AEI,
and PDP) used the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
template to assess risk of bias across multiple domains
(eligibility criteria, matching, selection, measurement,
outcome surveillance, control of confounding, lack of
statistical adjustment, and incomplete follow up) (8).
Disagreements were resolved through discussion and
consensus.

Statistical Analysis

Three investigators (JRS, AEI, and PDP) used the pro-
tocol for categorizing findings as favorable, unfavor-
able, mixed/inconclusive, or no impact described in a
separate publication (6). A favorable designation was
assigned when co-investigators determined findings
favored lower levels of task load. Unfavorable was
assigned when findings were unfavorable with lower
task load. Four investigators (JRS, AEI, PDP, and ESL)
used the GRADE evidence profile tables to summa-
rize and rate the quality of retained research (evidence)
(8-10).

Quality of Evidence

Three investigators (JRS, AEI, and PDP) used the
GRADE prescribed evidence profile tables to summa-
rize and rate the quality of retained research (6, 10).

Reporting

Our findings are presented in accordance with the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) (11).

RESULTS

The search strategy yielded 3,394 unique records of
which eight duplicates were removed (Figure 1). The
remaining titles and abstracts were independently
screened by 2 investigators with moderate inter-rater
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agreement (Kappa = 0.66), resulting in 58 records
included as potentially eligible. An additional 70
journal articles were identified during the search
of bibliographies, labeled potentially relevant, and
reviewed in full-text format. Five non-experimental
(prospective observational) studies were retained and
judged relevant to our research question (See Online
Supplemental Material) (12-19). A total of 123 stud-
ies were excluded with reasons given, organized in
the Population, Intervention, Comparison, Outcome
(PICO) format (See Online Supplemental Material).
Following additional review and consensus, five jour-
nal articles describing five studies were included in
this systematic review. We summarize an assessment
of bias for each of the five retained studies in Online
Supplemental Material.

Karhula et al. stratified workers into high job strain
and low job strain, which we interpreted as one of two
techniques used in this study to measure task load (12).
A second technique used by Karhula and colleagues
was a single survey item that evaluated perceived men-
tal task load and a single survey item to measure phys-
ical workload during each shift (12). Baulk et al. used
the NASA-TLX tool to evaluate subjective task load
during the first half and second half of scheduled shifts
(13). Dorrian et al. used the NASA-TLX tool at the mid-
point and end of shifts (14). Takahashi et al. used the
National Institute for Occupational Safety and Health
Generic Job Stress Questionnaire to measure quantita-
tive task load (four items) and variance in workload
(three items) (18). Grech et al. measured workload with
a single item from the Crew Status Survey (CSS) that
measures average workload on a 7-point scale (19).

Impact of Task Load on Personnel
Performance Outcomes

Baulk et al. used a prospective cohort study to mea-
sure task load with the NASA-TLX tool during the
latter half of shifts, and the psychomotor vigilance test
(PVT) at the start, mid-point, and end of each shift to
evaluate performance (13). Performance was better
(faster reaction time) during low task load periods on
the first night of a 2-night shift sequence, but not the
second night shift and not for either of the 2-day shifts.
PVT lapses were less frequent during lower task load
periods for the first day shift, but not second day shift
or for any of the night shifts. We categorized these
findings as favorable for performance during periods
of lower task load (Table 1).

Impact of Task Load on Acute Fatigue
Outcomes
Karhula et al. determined that nurses classified as hav-

ing high job strain were more likely to report being
tired when performing a quick return (a morning shift



84

after an evening shift), and had worse subjective recov-
ery between shifts (12). Grech et al. showed that per-
ceptions of fatigue were highest during periods of both
low and high levels of task load (19). We categorized
the findings of Karhula et al. and Grech et al. as favor-
able toward lower task load conditions for fatigue mit-
igation (Table 1) (12, 19). Baulk et al. determined ele-
vated fatigue levels were associated with increased
task load at the end of a 12-hour night shift (13). Dor-
rian et al. showed that the higher a shift worker rated
their workload during shifts, the greater the odds of
extreme tiredness or exhaustion (odds ratio 1.2; 95% CI
1.04, 1.38) (14). We categorized the findings by Baulk
et al. and Dorrian et al. as favorable toward lower
task load for fatigue mitigation (Table 1) (13, 14). Taka-
hashi et al. showed no relationship between task load
of shift workers and acute fatigue, as measured by the
Epworth Sleepiness Scale (18). We categorized these
findings as task load having no impact on acute fatigue.
None of the retained research addressed personnel
safety, patient safety, or cost to systems.

)

FIGURE 1.
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Quality of Evidence

We judged most studies to have serious or very seri-
ous risk of bias (Table 2). We downgraded for small
sample sizes and indirectness of evidence involving
shift workers other than EMS personnel. We down-
graded for inconsistency of findings related to one of
the 2 outcomes (indicators of acute fatigue). We judged
the overall quality of the evidence as low or very low
for important outcomes. We detected wide variation in
the description and measurement of task load in the
retained and excluded research. We present the defini-
tions and/or descriptions of task load /workload used
in these studies in Online Supplemental Material.

Discussion
Summary of Main Results

We identified limited evidence to assess the impact of
task load interventions on fatigue, fatigue related risks,
and/or sleep quality. Our search for experimental and

Records with conflicts

e (n=33)

A 4

Potentially relevant studies identified by

searching bibliographies
(n=69)

Full-text articles excluded with reasons

(n=120)
(n=2 duplicates)

c Records identified through
£ database searching
[ (n=3,394)
b=
g v
=
Duplicates removed manually (n=8)
v
Records screened independently by two
screeners (n=3,386)
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‘e Records retained by screeners
o
o (n=32)
Q
’ !
Records retained after conflict adjudication by two additional
screeners
(n=58)
Full-text articles assessed for eligibility
(n=58)
2
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:ED <
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v
Full-text articles evaluated for eligibility
(n=127)
-]
3 v
=
2 Full-text studies/articles retained
- (n=5)

PRISMA 2009 Flow Diagram for PICO#7 PROSPERO 2016:CRD42016040114.
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prospective study designs involving EMS personnel
and related shift workers resulted in no relevant exper-
imental research, and only five prospective observa-
tional studies. None of the retained literature evaluated
the relationship between task load, fatigue, and three
outcome measures classified as important by the expert
panel (personnel safety, patient safety, and cost to the
system). One study examined the relationship between
task load, fatigue, and personnel performance (13).
Findings were categorized as favorable toward lower
levels of task load as a means to mitigate fatigue. Five
studies examined the relationship between workload
and indicators of acute fatigue; however, only three
studies presented findings judged by the study authors
as favorable toward lower task load as a method for
fatigue mitigation (13, 14). These limited results sug-
gest that further research needs to be conducted spe-
cific to EMS and task load. While evidence does not
exist to make operational decisions on changing task
loads, this concept remains important and the evidence
that is present suggests that modification to task load
may have an impact on fatigue and fatigue related
risks.

Inclusion / Exclusion of Prior Research

The decision to include or exclude a research study
was based on the study’s relevance to our population,
intervention, comparison(s), and outcome(s) of inter-
est. We systematically excluded studies that involved
healthy non shift-working volunteers and were non-
peer-reviewed literature such as book chapters, theses
and dissertations, and government reports. Prospec-
tive observational studies that did not define and mea-
sure task load (or workload), and did not measure an
outcome relevant to our PICO question were excluded
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(a measure of acute fatigue is an outcome for this
PICO) (5). Studies were included where the method-
ology of the study implied a theoretical framework
of task load (or workload) affecting fatigue, and then
fatigue related outcomes. An outcome was determined
to be sulfficient for this review if the theoretical frame-
work of the reviewed paper indicated that the outcome
was likely the result of fatigue due to task load changes.
All outcomes were defined by the individual study.

Agreement and Disagreement with Other
Systematic Reviews

Lang et al. completed a systematic review of litera-
ture measuring the ratio of nurses-to-patients (20). Our
review was not isolated to this ratio as a singular mea-
sure of task load. We excluded studies that may have
overlapped with Lang et al. (20) if nurse-to-patient
ratio was not defined as a measure of task load, and
if the measure was not examined in relation to out-
comes of interest in an experimental or prospective
study design. Morris et al. examined the nursing lit-
erature and determined no common/standard defini-
tion of nursing workload (21). The aim of our system-
atic review differs from Morris et al. (21). We did not
seek to define workload or task load, nor did we seek
to examine differences in definitions. As there was lim-
ited available evidence for review, an appropriate next
step for researching task load in EMS would be to first
gain a consensus definition and method for quantify-
ing task load prior to studying its effect on fatigue.

LIMITATIONS

We limited our collection of relevant literature to
select databases. Other databases may index literature

TaBLE 1. Synthesis of findings on the impact of task load interventions on critical and important outcomes

OBSERVATIONAL STUDIES
Important Outcomes
RefID Personnel Patient Personnel Acute Cost to
Author, Year PMID# Study Design Safety Safety” Performance’ Fatiguei System
Karhula et al., 2013 (12) ~ RefID-1399 Prospective cohort study design — — — Favorable —
PMID-24079918
Baulk et al., 2007 (13) RefID-2396 Prospective cohort study design — — Favorable Favorable —
PMID-n/a
Takahashi et al., 2006 (18) RefID-2085 Observational study (panel — — — No Impact —
PMID-17190723 study design)
Dorrian et al., 2011 (14)  RefID-1057 Prospective cohort study design — — — Favorable —
PMID-20691425
Grech et al., 2009 (19) RefID-1228 Prospective cohort study design — — — Mixed/ —
PMID-19586219 Inconclusive

Findings are classified as favorable in support of lower levels of task load (or workload), unfavorable, mixed/inconclusive, or no impact for mitigating fatigue,

mitigating fatigue-related risk, and /or improving sleep.
*Includes quality of care.

*Includes external subjective ratings of the study subject’s performance including perceived satisfaction with the subject’s performance.

fIncludes acute states of fatigue, sleepiness, and alertness.
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and research relevant to our PICO question. The
judgment of screeners (PJC and JPC) to include or
exclude a record (title/abstract) from the initial pool
of records was validated against decisions by the
principal investigator (PDP) with a random sample
of n = 50 titles and abstracts. Findings from this
comparison revealed 92% agreement among three
investigators (PDP, PJC, and JPC) in the decision
to include or exclude a record based on title and
abstract alone. Judgments of evidence quality were
guided by the GRADE framework and formulated
based on consensus between co-investigators (9). Our
judgments may differ from others reviewing the same
evidence.

Substantial heterogeneity in what defines task load
may have negatively impacted the results of our
search (See Online Supplemental Material). First, it is
possible that other relevant literature using specific
definitions or descriptions of task load was not iden-
tified and reviewed. Undiscovered research may have
impacted our conclusions and assessment of evidence
quality. Second, the lack of standardization in the defi-
nition or description of task load may have impacted
our decision to include or exclude specific research
during screening and/or during the review of full-text
articles.

None of the retained literature included EMS per-
sonnel as the subjects under study. Our findings are
limited by indirectness of the populations studied,
which is a common problem in systematic reviews and
projects focused on development of evidence based
guidelines (22). The construct of task load as associated
with fatigue, fatigue related risks, and sleep quality
has not been widely assessed in EMS. Literature from
other areas of healthcare either did not draw the afore-
mentioned associations or did not clearly define task
load. While the shift workers assessed in this review
were primarily not healthcare providers, they did com-
plete tasks that were of a perceived difficulty or had
a high mental workload. While the tasks may differ
between job types, the effectiveness of increased or
decreased task load ought to remain constant as it is
not a third party judging task load but rather the indi-
vidual. Clearly, further research into defining task load
in EMS is needed so that these associations can be fur-
ther explored.

Our findings are limited by the low yield in research
that met our inclusion criteria. Low yield or empty
reviews are not uncommon. A recent review of the
Cochrane Database of Systematic Reviews revealed
that 8.7% of the more than 4,000 archived systematic
reviews yielded no studies (23). The benefits of low
yield or empty systematic reviews include: 1) identi-
fication of gaps in research; 2) aid in honing research
questions and searches for related evidence; and 3)
reveal the state of the science at a particular point in
time (24).
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CONCLUSIONS

We discovered considerable heterogeneity in how task
load was defined and measured and determined that
the overall quality of evidence germane to our out-
comes of interest was low or very low. Our system-
atic review reveals considerable gaps in the scientific
literature and no research that examines the relation-
ships between task load in the EMS setting, fatigue,
and safety or performance outcomes. Given these find-
ings, we were unable to estimate the effect of task load
interventions on fatigue, fatigue-related risks, and/or
sleep quality for EMS and related shift worker groups.
Further research is needed to: 1) define task load in
the EMS operational setting; 2) examine the relation-
ship between task load, and outcomes relevant to EMS;
and 3) rigorous experimental research is needed to test
task load interventions that are feasible to implement
in EMS operations.
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