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BACKGROUND: Increases in patient needs can strain
hospital resources, which may worsen care quality and
outcomes. This systematic literature review sought to un-
derstand whether hospital capacity strain is associated
with worse health outcomes for hospitalized patients and
to evaluate benefits and harms of health system interven-
tions to improve care quality during times of hospital
capacity strain.
METHODS: Parallel searches were conducted in
MEDLINE, CINAHL, the Cochrane Library, and reference
lists from 1999-2015. Two reviewers assessed study eligi-
bility. We included English-language studies describing
the association between capacity strain (high census,
acuity, turnover, or an indirect measure of strain such
as delayed admission) and health outcomes or intermedi-
ate outcomes for children and adults hospitalized in high-
ly developed countries. We also included studies of health
system interventions to improve care during times of ca-
pacity strain. Two reviewers extracted data and assessed
risk of bias using the Newcastle-Ottawa Score for obser-
vational studies and the Cochrane Collaboration Risk of
Bias Assessment Tool for experimental studies.
RESULTS: Of 5,702 potentially relevant studies, we in-
cluded 44 observational and 8 experimental studies.
There was marked heterogeneity in the metrics used to
define capacity strain, hospital settings, and overall study
quality. Mortality increased during times of capacity
strain in 18 of 30 studies and in 9 of 12 studies in inten-
sive care unit settings. No experimental studies were ran-
domized, and none demonstrated an improvement in
health outcomes after implementing the intervention.
The pediatric literature is very limited; only six observa-
tional studies included children. There was insufficient
study homogeneity to perform meta-analyses.
DISCUSSION: In highly developed countries, hospital ca-
pacity strain is associated with increased mortality and
worsened health outcomes. Evidence-based solutions to

improve outcomes during times of capacity strain are
needed.
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INTRODUCTION

As hospitals strive to improve efficiency, increases in patient
volume, acuity, and complexity can strain hospital resources.
Strain can be defined as an Bexcessive demand on the strength,
resources, or abilities^1 of a hospital, and any resource the
hospital uses to provide care (e.g., beds, nurses, physicians,
equipment) can experience strain. Resource strain resulting
from a mismatch between supply and demand exists on a
continuum from mild strain due to routine fluctuations in
patient needs to severe strain resulting from patient surges
during public health emergencies. Resource strain has been
well studied in the emergency department (ED), often focus-
ing on overcrowding due to high patient volume, and ED
overcrowding is associated with delayed care and increased
mortality.2–4 However, less is known about the relationship
between resource strain in hospital inpatient units and patient
health outcomes.
Capacity strain is a subset of resource strain originally

described in the intensive care unit (ICU). There is no univer-
sally accepted definition of capacity strain, but it has been
defined as increased patient census, acuity, and/or turnover
affecting an ICU’s ability to provide high-quality care.5 This
concept can also be applied to non-ICU settings. Expert
groups recommend strategies to improve the ability of hospi-
tals to provide care during times of strain, particularly in
response to public health emergencies.6 The effect of these
strategies on patient outcomes is not clear. To decide whether
to institute and promote these strategies, hospital leaders and
health policymakers need to understand the effects of inpatient
capacity strain on outcomes and the effectiveness of interven-
tions to address these effects.

Registration: International Prospective Register of Systematic Reviews
(PROSPERO), Registration No. CRD42015024758

Electronic supplementary material The online version of this article
(doi:10.1007/s11606-016-3936-3) contains supplementary material,
which is available to authorized users.

Received August 5, 2016
Revised November 7, 2016
Accepted November 18, 2016
Published online December 15, 2016

686

JGIM

http://dx.doi.org/10.1007/s11606-016-3936-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-016-3936-3&domain=pdf


We conducted this systematic review to (1) review the
association between capacity strain and health outcomes for
patients receiving inpatient care and (2) evaluate the benefits
and harms of health system interventions to improve quality of
inpatient care during times of capacity strain. As the US
hospital system has significantly less capacity for children
than for adults and thus may be at particularly high risk for
severe pediatric capacity strain,7 our goal was to focus on
hospitalized children; however, we expected to find limited
pediatric literature and thus expanded our scope to include
adult and pediatric patients.

METHODS

Study Protocol

The study protocol was created a priori based on PRISMA-P
guidance8 and registered with the International Prospective Reg-
ister of Systematic Reviews (available at http://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID=CRD42015024758).
This study was deemed not human subjects research by our
Institutional Review Board.

Data Sources

We searched Medline, the Cochrane Library, CINAHL, and
ClinicalTrials.gov for relevant English-language studies from
1999 (the year the Institute of Medicine report To Err Is
Human was published) until August 2015; we also manually
identified studies from reference lists. Due to the lack of
standard terms to define capacity strain, a wide variety of
search terms was used (e.g., capacity strain, occupancy, surge
capacity, hospital crowding). The complete search strategy can
be found in the Online Appendix.

Study Selection

We included randomized and non-randomized trials, prospec-
tive and retrospective cohort studies, and case-control studies.
Included studies described health outcomes or intermediate
outcomes (i.e., outcomes such as length of stay or delay to
emergent surgery, which are plausibly associated with health
outcomes) for children and adults receiving inpatient care in
acute non-psychiatric hospitals during times of inpatient ca-
pacity strain. The Online Appendix contains complete inclu-
sion and exclusion criteria. We defined capacity strain as high
patient census, acuity, or turnover5; we also accepted indirect
measures reflecting changes in care due to inpatient capacity
strain (admitted patients boarding in the ED, or patients re-
fused ICU admission or admitted to alternate units due to lack
of beds). Studies that primarily evaluated the effects of ED
crowding or did not focus on outcomes of admitted patients
were excluded. Included experimental studies described health
system interventions to improve care for patients in either the
hospital or the ED after the decision to admit to the hospital.
Two reviewers assessed study eligibility (COE, RCS);

disagreements were resolved through discussion and third-
party review (JMG). We assessed risk of bias for experimental
studies using the Cochrane Collaboration Risk of Bias Assess-
ment Tool,9 summarizing risk of bias for each outcome as low,
unclear, or high. For observational studies, we assessed risk of
bias using the Newcastle-Ottawa Scale (NOS),10 which
awards studies up to 9 total stars for participant selection (4
stars), comparability of participant groups (2 stars), and ascer-
tainment of outcome or exposure (3 stars).

Data Abstraction and Synthesis

Two reviewers (COE, RCS) independently abstracted data on
study design, patient and hospital characteristics, metrics to
describe strain, outcomes, and interventions. Due to heteroge-
neity in measures of capacity strain, we qualitatively describe
measures used to describe strain, the association between
strain and health outcomes or intermediate outcomes, and the
health effects of interventions to improve care during times of
strain. There was insufficient study homogeneity to perform
meta-analyses.

RESULTS

Of 5,702 potentially relevant studies, 52 were included for
review (Fig. 1). Of 44 observational studies, 21 were per-
formed in the US,11–31 16 in Europe,32–47 5 in Canada,48–52

and 2 in Australia.53,54 Thirty studies analyzed the association
between capacity strain and mortality.11–25,32–43,48,49,53 All
observational studies were cohort studies; all but four were
retrospective.32,42,43,46 Eight studies described interventions to
improve care during times of capacity strain,55–62 none using
randomization to assign treatment category. Outcomes for
children were separately analyzed in only six of the observa-
tional studies23,26,32,45,46,51 and none of the experimental stud-
ies. Characteristics of included studies are described in the
Online Appendix.

Measures and thresholds used to describe capacity strain
varied widely (Online Appendix). One study used a composite
measure that included components of census, acuity, and/or
turnover13; a larger group used measures that included one of
these concepts (most often census), often indexed to usual
conditions. Other, often small studies used indirect measures
of strain, most often ED boarding after the decision to admit to
the hospital. Even among studies using similar concepts, there
was great variation in specific measures to define strain. For
example, some studies using census-based strain measures
treated census as a continuous variable without a specific
cutoff to define strain; other studies used cutoffs based on
occupancy (e.g., >80% occupancy) or census percentiles
(e.g., highest quartile of daily census). Timing of strain also
varied: While most defined strain based on conditions on the
day of admission, others used averages from the first 3 days or
throughout the hospitalization, and one study evaluating the
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effect of strain on ICU readmission defined strain on the day of
ICU discharge.14

NOS scores for included observational studies ranged from
3 to 8 of 9 possible stars (Online Appendix). The NOS does
not include thresholds for distinguishing high- or low-quality
studies. All experimental studies were assessed as having high
risk of bias by the Cochrane Risk of Bias Tool because of high
or unclear risk of bias for at least four of the tool’s eight criteria
(Online Appendix).

Association Between Capacity Strain and
Mortality

Of 30 studies examining mortality as an outcome, 12 were
performed in ICU settings (Table 1). Thirteen were single-
institution studies, while six included data frommore than 100
hospitals; overall, mortality was analyzed for over 4 million
hospitalizations. To define capacity strain, all but six of the
multi-institution studies used hospital or unit cen-
sus,12,13,16,19,20,36 often indexed to usual conditions (Online
Appendix). Five multi-institution studies used measures of
patient turnover (e.g., number of admissions) or acuity to

define strain.12–15,19 Meanwhile, all but three of the single-
institution studies used indirect measures of strain,24,41,49 such
as time spent boarding in the ED after the decision to admit to
the hospital. Most studies examined hospital mortality as the
outcome of interest, while others used ICU14,22,40 or time-
specific mortality.34–36,42,53

There was a statistically significant increase in mortality
during times of capacity strain in 18 of 30 studies and in 9 of
12 studies in ICU settings (Table 1). While two studies report-
ed over five-fold mortality associated with capacity strain,13,43

several studies found more modest 50–150% increases in
mortality.32,36,39,41,48 Only two studies included children: a
multi-institution UK study that found a doubling in mortality
odds for patients admitted at maximum compared to 50%
occupancy32 and a single-institution US study that found no
significant association between ED boarding time and subse-
quent hospital mortality.23 Study quality did not appear to
affect the likelihood of reporting a positive relationship be-
tween strain and mortality.While most studies measured strain
daily or more often, one study measured monthly, quarterly,
and annual variation in strain and did not find a significant
association with hospital mortality19; as conditions in acute

Figure 1 PRISMA flow diagram.
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care hospitals change rapidly, it is possible that measuring
strain monthly may be too infrequent to detect strain-
associated changes in outcomes. The only study finding a
statistically significant decrease in mortality during strained
times reported decreased mortality for patients discharged on
days with increased ICU admissions, but no change in mor-
tality using other measures of strain; this was also the only
study to measure strain at ICU discharge.15

While almost all studies adjusted for risk of patient mortal-
ity in multivariable analyses (Online Appendix), two studies
specifically analyzed mortality for patients who had diagnoses
that were likely unrelated to the cause of strain.11,49 In a large
study comparing US hospitals with an increased number of
admissions during the 2009 Influenza H1N1 pandemic
(Bstrained^ hospitals) to hospitals with no increased admis-
sions, Rubinson et al. reported an approximately 15–20%
increase in the odds of hospital mortality for patients admitted
to strained hospitals with stroke or acute myocardial
infarction.11

Association Between Capacity Strain and
Other Outcomes

Eight studies examined the association between capacity strain
and nonlethal adverse events,22,30–32,38,44,45,47 with five of
eight identifying a statistically significant association between
strain and aspiration pneumonia,22 methicillin-resistant Staph-
ylococcus aureus infection,44 Clostridium difficile infection,47

or adverse events in general.31,45 Of two studies including
children, one described an almost doubling in patient-related
adverse events during times of high pediatric ICU occupan-
cy,45 while one found no significant association between neo-
natal ICU occupancy immediately before admission and de-
velopment of nosocomial bacteremia.32

Of 15 studies examining the relationship between capac-
ity strain and hospital, ICU, or postoperative length of stay
(LOS), 10 reported a significant association between strain
and increased LOS16,20,21,23,26,27,34,42,49,54; both pediatric
studies reported an association between strain and increased
LOS.23,26 The magnitude of increase in LOS ranged from 1
h23 to more than 1 day27; the greatest increases in LOS were
reported in studies that examined strain during mass casu-
alty incidents.27,49 The previously described study that
measured capacity strain at ICU discharge reported that
patients discharged from the ICU on days with high ICU
census, acuity, and admissions had shorter ICU and post-
ICU LOS.15

Seventeen studies examined the relationship between ca-
pacity strain and additional outcomes, such as ICU or hospital
readmission,12,15,19,23,26,28,29,34,42 representation to the ED,52

ICU admission,21,46 delayed testing or treatment,30,54 low
Apgar scores,46 and composite measures including morbidity
and mortality.32,50,51 All but six of these studies reported
significant associations between capacity strain and
outcomes.23,29,32,34,46,52

Benefits and Harms of Interventions to Improve
Care During Times of Capacity Strain

We did not find any randomized studies of interventions to
improve care during times of capacity strain; all but one of the
eight experimental studies utilized historical controls only60

(Table 2). Types of interventions varied greatly and included
interventions to increase bed availability,55,58,59,62 decrease
inefficiency and improve patient flow in busy hospitals,57,61

coordinate care during mass casualty incidents,56 and limit
spread of an emerging infectious illness during an epidemic.60

Interventions were not associated with improved health out-
comes in any studies; seven studies described post-
intervention improvements in time-based measures (e.g., hos-
pital LOS, time to surgery), ambulance diversion, or use of
non-trauma ICUs for trauma patients.55–59,61,62 None of the
studies separately analyzed outcomes for children.

DISCUSSION

This systematic review found that hospital capacity strain in
highly developed countries was associated with increased
patient mortality in 9 of 12 studies in ICU settings and in 18
of 30 studies overall. Only 5 of 41 included observational
studies did not find a statistically significant association be-
tween strain and worsened patient health outcomes or inter-
mediate outcomes.15,17,29,38,40,52 The pediatric literature is
very limited, with only four observational studies and no
experimental studies separately analyzing outcomes for chil-
dren.23,26,32,45 There was marked heterogeneity in study
methods, including the metrics used to define capacity strain,
hospital settings, patient populations, outcomes examined, and
study quality. We found only eight reports of the health effects
of interventions to improve care during times of capacity
strain, none of which were randomized studies. Though seven
of these eight studies described improvements in process
measures, none reported an improvement in patient health
outcomes after implementing the intervention.
A key challenge to understanding the health effects of

hospital capacity strain is the lack of standard terminology
and classification to define strain. Studies included in this
review used very different terms to describe capacity strain,
from general descriptions (e.g., Bstrained,^14 Bbusy,^15 or high
Bworkload^31,32,41) to descriptions based on the number of
admitted patients (e.g., Bcrowding^ or Bovercrowding,^26,53

high Bcensus^ or Boccupancy,^17,18,24,35,41,44,47,50) to descrip-
tions based on the number of new patients (e.g., Badmission
volume^19). A subset of studies used terms often found in
trauma or public health emergency literature (e.g., Bsurge,^11

Bmass casualty incident,^27 or Bmultiple casualty incident^49);
others used sequelae of high inpatient census to define strain
(e.g., BED boarding^16,20,21,23,30,38,43 or Btime from receiving
the order for a bed and leaving the ED,^25 Black of beds^42 or
Brefused admission due to full unit,^36 Bdelayed admission,^40

Bboarding^22 or Boutlying^42 or Bbedspacing^52 in non-
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primary units). This lack of standard terminology contributed
to differences in how strain was conceptualized by study
authors, i.e., whether it was based on changing patient occu-
pancy, acuity, or turnover or whether it was measured indi-
rectly (Online Appendix). Even studies that used similar un-
derlying terminology (e.g., occupancy) varied greatly in strain
classification; while some studies examined the effect of oc-
cupancy as a continuous variable, others classified strain based
on a threshold in percentage occupancy, and others chose
occupancy thresholds indexed to a hospital’s or unit’s usual
occupancy as reflected by deviation from mean or median
occupancy. One study examined strain at the time of ICU
discharge, and the finding that ICU and post-ICU length of
stay decreased for patients discharged from the ICU during
strained times raises the possibility that strain may have led to
improved care efficiency, though at the cost of increased ICU
readmissions.15 The resulting heterogeneity in strain classifi-
cation precluded meta-analysis and limited more detailed
qualitative assessments of the relationship between strain and
health outcomes. To improve individual study quality and
between-study consistency, we suggest that future studies (1)
use direct measures of capacity strain based on patient census,
acuity, and turnover rather than indirect measures, (2) index
strain to usual conditions, such as median and interquartile
range, (3) explore non-linear relationships between strain and
outcomes, and (4) measure strain over a short enough time
interval (minutes to days) to avoid contamination of Bstrained^
vs. Bnon-strained^ groups.
A second key challenge to understanding the relationship

between hospital strain and outcomes is the lack of a consis-
tent conceptual approach. Hospitals must consistently provide
high-quality care in spite of relatively fixed resources and
significant fluctuations in patient needs. An imbalance be-
tween patient needs and available resources creates resource
strain, but such an imbalance may be due to either increased
needs or decreased resources and may be acute or chronic.
Chronic resource strain may result from lack of any essential
resource and may compromise a hospital’s ability to provide
safe care. Adequate staffing may be the single most critical
resource to maintaining care quality, and shortfalls in nurse or
physician staffing have been linked to increased patient mor-
tality and decreased care efficiency.63–68 We focused on a
subset of resource strain called Bcapacity strain,^ applying a
conceptual model that defines the cause of capacity strain as
the temporal variation in patient needs as defined by census,
acuity, and turnover.5 Thus, the purpose behind the concept of
capacity strain, and the focus of this review, is not to assess a
hospital’s inherent ability to provide high-quality care, but
rather its ability to provide high-quality care when patient
needs rise. Even within a hospital, individual units may face
strain resulting from increased patient needs at different times;
it is unclear to what extent strain and its relationship to care
quality are localized to specific areas within a hospital and to
what extent this localization varies. A coherent theoretical
framework for hospital resource strain, which includes both

hospital- and patient-driven factors and accounts for both
temporal variation in supply and demand as well as the inter-
dependence of different settings (e.g., EDs, inpatient units,
nearby hospitals) would provide essential context when plan-
ning and interpreting studies of strain.
A third challenge to understanding the relationship between

strain and outcomes is that variation in settings is likely to
influence the relationship. Some settings may have high base-
line levels of strain and thus have less reserve to cope with
increases in patient needs. While quality of care may degrade
gradually and linearly as patient needs increase, we agree with
prior authors that it is more likely that the system is resilient to
changing patient needs up to a certain Btipping point,^ after
which care may degrade rapidly.5,69 Thus, chronically high
hospital census in Denmark (almost 40% of patient days were
spent in hospitals with over 100% bed occupancy) may partly
explain the association between high occupancy at the time of
hospital admission and a 9% increase in mortality.35 It is
possible that patient risk is dependent on the timing of capacity
strain relative to an individual patient’s hospitalization or even
on the total amount of time above a threshold level of strain;
these concepts are not well addressed in the existing literature.
In addition, more fundamental differences in care delivery
systems may affect the relationship between strain and out-
comes. For example, the finding by Intas et al. of an almost
six-fold increase in hospital mortality among patients with >6 h
of ED boarding prior to ICU admission may be due in part to
the inability of Greek EDs to initiate ICU treatments at the time
of the study,43 and may not be generalizable to settings where
ICU-level care is routinely provided in the ED. Lastly, some
hospitals may be more resilient than others to the potentially
negative effects of strain, which may have contributed to het-
erogeneity in findings among studies included in this review.
While factors influencing such resilience were not reported in
these studies, understanding and replicating practices employed
by resilient hospitals is an important area of future research.

Limitations

The lack of consistent terminology, classification, and theoret-
ical model in this field makes study selection very challenging.
While we consistently applied inclusion and exclusion criteria
based on a clear construct and clearly defined outcomes, we
acknowledge that no inclusion strategy is perfect when the
divisions between related fields are blurred. This may be
particularly true for experimental studies; many types of inter-
ventions implemented for different reasons (e.g., reorganizing
care processes to decrease inefficiencies or improving bed
utilization data capture) could lead to improved care quality
during times of capacity strain, regardless of their intent.
Though almost all included observational studies analyzed
the association between strain and outcomes adjusted for
patient-level factors, unmeasured differences in patient risk
characteristics may have been partly responsible for worsened
outcomes during times of strain.
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Quality assessment is subject to limitations of the assess-
ment tools. The NOS was not specifically designed to assess
risk of bias for hospital-based studies of mortality and thus
may not have been an ideal tool; similarly, the Cochrane Risk
of Bias Tool was not primarily designed to assess risk of bias
in pre-post experimental studies. The significant heterogeneity
among included studies, particularly in study settings and
strain classification, precluded meta-analysis and limited the
ability to draw more precise conclusions regarding the rela-
tionship between strain and health outcomes. Lastly, findings
of studies performed in highly developed countries may not
apply in resource-restricted settings; even in highly developed
countries, there may be significant variation in the relationship
between strain and outcomes in different hospital settings.

CONCLUSIONS

Hospital capacity strain is likely associated with increased
patient mortality and worsening of other health outcomes in
highly developed countries, indicating that care quality may
degrade during times of strain. There are no interventions that
have been shown to improve patient outcomes during times of
capacity strain. Understanding the relationship between strain
and outcomes is challenged by lack of consistent terminology,
classification, and theoretical framework, and by variation in
study settings. It is likely that some hospitals are more resilient
than others during times of strain, and understanding and
replicating practices employed by resilient hospitals are essen-
tial to improving care in busy hospitals.
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