
lable at ScienceDirect

Public Health 225 (2023) 12e21
Contents lists avai
Public Health

journal homepage: www.elsevier .com/locate/puhe
Review Paper
Hospital surge capacity preparedness in disasters and emergencies: a
systematic review

Md.K. Hasan a, b, c, *, S.M. Nasrullah b, d, **, A. Quattrocchi c, P. Arcos Gonz�alez b,
R. Castro-Delgado e, f

a Institute of Disaster Management and Vulnerability Studies, University of Dhaka, Dhaka, Bangladesh
b Unit for Research in Emergency and Disaster, Faculty of Medicine and Health Sciences, University of Oviedo, Oviedo, Spain
c Department of Primary Care and Population Health, University of Nicosia Medical School, Nicosia, Cyprus
d Department of Global Public Health, Karolinska Institute, Solna, Sweden
e Department of Medicine, University of Oviedo, Oviedo, Spain
f Health Service of the Principality of Asturias (SAMU-Asturias), Health Research Institute of the Principality of Asturias (Research Group on Prehospital Care
and Disasters, GIAPREDE), Oviedo, Spain
a r t i c l e i n f o

Article history:
Received 12 May 2023
Received in revised form
21 August 2023
Accepted 23 September 2023

Keywords:
Surge capacity preparedness
Medical surge capacity
Hospital
Disaster
Emergency
Systematic review
CADIMA
* Corresponding author. Institute of Disaster Ma
Studies, University of Dhaka, Dhaka 1000, Bangladesh
** Corresponding author. Department of Global Publi
Solna, 17177, Sweden.

E-mail addresses: khalidhasan@du.ac.bd (Md.K. H
ki.se (S.M. Nasrullah).

https://doi.org/10.1016/j.puhe.2023.09.017
0033-3506/© 2023 The Authors. Published by Elsevie
creativecommons.org/licenses/by/4.0/).
a b s t r a c t

Background: Adequate and effective emergency preparedness for hospital surge capacity is a prerequisite
to ensuring standard healthcare services for disaster victims. This study aimed to identify, review, and
synthesize the preparedness activities for and the barriers to hospital surge capacity in disasters and
emergencies.
Methods: We systematically searched seven databases (PubMed, MEDLINE, CINAHL, Scopus, Embase,
Ovid, and PsycINFO). We included all English peer-reviewed studies published in January 2016 and July
2022 on surge capacity preparedness in hospital settings. Two independent researchers screened titles
and abstracts, reviewed the full texts, and conducted data extractions using CADIMA software. We
assessed the rigor of the included studies using the NIH quality assessment tools for quantitative studies,
the Noyes et al. guidelines for qualitative studies, and the MMAT tool for mixed methods studies and
summarized findings using the narrative synthesis method. We also used PRISMA reporting guidelines.
Results: From the 2560 studies identified, we finally include 13 peer-reviewed studies: 10 quantitative,
one qualitative, and two mixed methods. Five studies were done in the USA, three in Iran (n ¼ 3), and the
remaining in Australia, Pakistan, Sweden, Taiwan, and Tanzania. The study identified various ways to
increase hospital surge capacity preparedness in all four domains (staff, stuff, space, and system); among
them, the use of the Hospital Medical Surge Preparedness Index and the Surge Simulation Tool for surge
planning was noteworthy. Moreover, nine studies (69%) recognized several barriers to hospital surge
capacity preparedness.
Conclusion: The review provides synthesized evidence of contemporary literature on strategies for and
barriers to hospital surge capacity preparedness. Despite the risk of selection bias due to the omission of
gray literature, the study findings could help hospital authorities, public health workers, and policy-
makers to develop effective plans and programs for improving hospital surge capacity preparedness with
actions, such as enhancing coordination, new or adapted flows of patients, disaster planning imple-
mentation, or the development of specific tools for surge capacity.
Systematic review registration: PROSPERO CRD42022360332.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Disaster is either a natural or human-made event that causes
great losses in human lives, properties, economy, and environment
and disrupts the functioning of the affected society or community
to the point that it needs external aid to copewith the deteriorating
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situation.1 As the effects of global warming and climate change
begin to set in, we observe an increasing trend in the incidences of
disasters.2 The Centre for Research on the Epidemiology of Di-
sasters (CRED) recorded an average of 357 catastrophic events
occurring annually from 2001 to 2020.3 In 2020 alone, around 100
million people were affected by natural disasters around the globe,
leading to approximately 15,000 deaths and resulting in an esti-
mated economic loss of $190 billionworldwide.4 In addition, a total
of 432 disasters occurred in 2021, claiming 10,492 lives and causing
an economic loss of approximately $250 billion.3 In this context,
hospital disaster preparedness is crucial in achieving resilience to
disaster.5

Hospital surge capacity can be defined as the capability to deal
with the sudden influx of patients beyond the usual resulting from
a disaster or emergency,6 and contributes to the effort to keep
mortalities and morbidities as low as possible.7 It comprises mainly
four components or domains: staff, stuff, space, and system.8,9 Staff
refers to all the medical personnel, such as doctors, nurses, and
technicians, who are essential to the functioning of the hospital.
Stuff refers to every piece of equipment within a hospital.
Consumable supplies, such as syringes, oxygen, intravenous med-
ications, and medicine, can also be counted as stuff. Space mainly
indicates the number of beds in a hospital and howmany extra beds
can be arranged during a surge. Lastly, the policies and procedures
that link the departments within a hospital or connect the hospital
to other facilities and services fall within the system domain.8e10

In a New York statewide cross-sectional study comprising 242
hospitals, Kantar and Moran investigated the structural component
of medical surge capacity. They suggested extending existing space
and preparing new spaces for the treatment of disaster victims, as
well as developing a collaboration with other facilities to transfer
patients quickly when needed. In addition, prior knowledge of the
hospital's existing capacity, including human resources and equip-
ment, is essential.11 Several studies have assessed the role of reverse
triage in creating better hospital surge capacity by freeing beds for
disaster victims needing immediate medical attention.12e14 In addi-
tion, Bradt et al. recommended assigning specific tasks to specific
personnel, improving communication within and without the hos-
pital, and collecting useful resources for the surge. They also sug-
gested hiring staff from external sources to increase the workforce.15

A case study on Oita Prefectural Hospital in Japan strongly recom-
mended cross-credentialing and cross-training of staff to form a
better coalition of hospitals to face a catastrophe.16 Besides conven-
tional studies, researchers have developed novel simulations and
models to improve hospital preparedness and help the system flow
smother when a disaster is in the front door.17,18 For example, the
MACSIM® simulation system was used to critically examine the
hospital surge capacity preparedness for mass casualty incidents
(MCIs) in Sweden and found that the system can sufficiently deter-
mine the hospital's critical capacity-limiting factors to respond to
MCIs.19

Over the years, researchers have devised strategies and pro-
cedures that could be more well-organized to enhance hospitals’
surge capacity preparedness. Therefore, systematically identifying,
compiling, and synthesizing those research findings is needed to
critically appraise and compare similar endeavors and research in
different regions. Sheikhbardsiri et al. systematically reviewed ar-
ticles from January 2000 to October 2015 to compile and evaluate
methods20 that need to be updated. Besides, with the advent of the
pandemic, as well as an increase in the frequency andmagnitude of
disasters due to climate change and conflicts, hospital surge ca-
pacity preparedness has been brought to a higher level of attention,
and more information could be available. Therefore, we evaluated
the existing evidence by reviewing studies from 2016 to 2022. We
13
aimed to identify strategies adopted to strengthen the surge ca-
pacity preparedness of hospitals in emergencies and disasters and
to mark their barriers or challenges by systematically reviewing
and narratively synthesizing the contemporary evidence. We also
attempted to determine the factors associated with hospitals’ surge
capacity preparedness in catastrophic events and compare be-
tween rural and urban hospitals if possible. The following research
questions guided this systematic review: What preparedness ac-
tivities strengthen the hospital surge capacity in emergencies and
disasters? Does hospital surge capacity preparedness differ be-
tween rural and urban hospitals? If any, what are the differences?
Which factors impede the hospital surge capacity preparedness in
emergencies and disasters?
Methodology

Study design

We conducted this systematic review following the PRISMA
guidelines.21 Due to the heterogeneity of the studies, the narrative
synthesis method was adopted to report the systematic review
findings.22 This review protocol was prepared by following the
PRISMA-P statements23 and prospectively registered in PROSPERO
[CRD42022360332], published in a peer-reviewed journal.24 No
ethical approval is needed for this systematic review.
Search strategy and selection criteria

We conducted peer-reviewed literature searches on seven
electronic databases: PubMed, MEDLINE, CINAHL, Scopus, Embase,
Ovid, and PsycINFO, between January 1, 2016, and July 30, 2022. The
previous systematic review on the surge capacity of hospitals
synthesized evidence from 2000 to 201520; therefore, we exclude
that period from our study.We also checked the reference lists of all
finally included studies to review other relevant articles, if there
were any. We developed a search string using keywords and MESH
terms, using the advanced search option in PubMed. Later, it was
tailored to the other databases to look for potential and relevant
articles. The search strategy for all databases is provided as sup-
plementary materials (see Table S1).

The Population, Intervention, Comparison, and Outcome (PICO)
framework25 was used to define eligibility. The inclusion and
exclusion criteria of the study are presented in Table 1.
Study selection and data collection

After removing duplicates using CADIMA software,26 two in-
dependent reviewers (KH and SMN) screened the titles and ab-
stracts of the retrieved publications based on the eligibility criteria.
They independently assessed full-text articles against predefined
inclusion and exclusion criteria using CADIMA. Any discrepancies at
any stage were resolved through discussion with a third reviewer
(AQ, PAG, or RCG).

The two reviewers (KH and SMN) independently extracted data
from the eligible full-text articles using a piloted and standardized
template described in detail elsewhere.24 Data on study charac-
teristics, such as authors, title, methods, country, surge capacity
components, hospital characteristics, activities related to hospital
surge capacity preparedness, and barriers to these activities, were
collected. The reviewers had to reach a consensus on data extrac-
tion. A third reviewer resolved any disagreement between the two
reviewers.



Table 1
Inclusion and exclusion criteria for the study.

Inclusion criteria Exclusion criteria

Population Hospital Other healthcare facilities, except for hospitals
Intervention Actions or activities for HSCP in disasters and emergencies Routine activities in normal time
Comparison None
Outcome Measures of HSCP in disasters and emergencies Measures of HSCP for epidemics or pandemics that are disease-related
Study All peer-reviewed studies, including RCTs, non-RCTs, cohort, cross-

sectional, and longitudinal studies.
The study must consider at least one component (staff, stuff/supply,
space/structure, and system) of hospital surge capacity

Protocols, editorials, letters to editors, commentaries, conference
abstracts, posters, opinions, and other publications that are not peer-
reviewed, including grey literature

Settings Irrespective of location and geography

HSCP: hospital surge capacity preparedness; RCT: randomized controlled trial.
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Quality assessment

We performed the quality assessment of quantitative studies
using the National Institutes of Health (NIH) quality assessment
tools for cross-sectional, cohort, caseecontrol, and intervention
studies.27 We also used the Noyes et al. guidelines to assess the
quality of qualitative studies28 and the Mixed Methods Appraisal
Tool (MMAT)29 for mixed method studies. Two independent re-
viewers (KH and SMN) evaluated the quality of included studies.
After comparing their assessments, any discrepancy was resolved
by discussing it with a senior reviewer (AQ, PAG, or RCG). Each tool
had a set of questions evaluating different criteria of the articles,
based on which we rated them as Good, Fair, and Poor. The studies
rated as poor were excluded from the final list of inclusion. Notably,
studies that did not fall into the above designs (data modeling
studies, simulation studies, and evaluation studies) were not
assessed for the presence of bias.

Data synthesis

We observed a high heterogeneity among the studies in terms of
study objectives, study design, and settings; therefore, we used the
narrative synthesis method to present the key characteristics and
findings of the study. In addition, as the eligible studies were pri-
marily cross-sectional, cohort, mixed methods, and qualitative
studies with high heterogeneity, we did not plan for assessing
meta-analysis and confidence in cumulative evidence. The narra-
tive synthesis was done by one reviewer (KH) and crosschecked by
another (SMN).

Results

Study selection

We identified 2560 records from seven electronic database
searches, and after the removal of duplicates, 1043 records were
retained for the title and abstract screening. After the screening, 82
full-text articles were reviewed, of which 13 were finally included
for data extraction. Details of the study selection process and rea-
sons for exclusion are provided in Fig. 1. The prime reasons for
exclusion included not having eligible outcomes and population.
No study was excluded for poor quality.

Characteristics of included studies

We found 13 papers: 10 quantitative studies (of which six cross-
sectional indesign), onequalitative study,30 and twomixedmethods
studies.31,32 The included studies were from the USA (n ¼ 5),13,17,
33e35 Iran (n¼ 3),14,30,36 Australia (n¼1),37 Sweden (n¼1),38 Taiwan
(n¼ 1),31 Pakistan (n¼ 1),32 and Tanzania (n¼ 1).39Moreover, seven
papers discussed all four components of hospital surge
14
capacity,17,30,31,33,34,37,39 three papers focused on the space
component,13,14,36 one examined the system component,35 one on
the staff component,32 and one the staff & stuff component.38 In
addition, one study each discussed chemical, biological, radiological
and nuclear (CBRN) disaster,37 earthquake,34 explosion,31 flood,34

and fire31 disaster surge capacity preparedness; two studies
focused onmass causality incidents,34,38 and nine studies discussed
any disasters surge capacity preparedness.13,14,17,30,32,33,35,36,39 The
key study characteristics are presented in Table 2.

Quality assessment

The overall quality assessment rating of the included studies is
presented in Table 3, and the detailed assessment results are also
found in the supplementary materials (Table S2). Among the six
cross-sectional studies (46.2%), the overall quality rating of five
studies14,33,36,37,39 was good, and another38 was fair. The quality of
one cohort study13 was also good. The remaining two mixed
methods and one qualitative study were also good in quality. Due to
the lack of suitable quality assessment tools, we could not assess
the quality of three studies, which were modeling, simulation, and
evaluation types.17,34,35

Hospital surge capacity preparedness activities

Table 3 presents the summary findings of hospital surge ca-
pacity preparedness activities of the finally included 13 articles. The
findings indicated several ways to increase hospital surge capacity
preparedness in four domains: staff, stuff, space, and system.

Staff
The most important way to improve surge capacity in the staff

domain is by increasing the hospital workforce by using on-call
staff, local healthcare providers and volunteers, calling in stand-
by or off-duty staff, and hiring staff from other facilities.30,32,37,39

In addition, develop mechanisms to maintain and recall staff dur-
ing the surge, expand staff capacity by training specialized, non-
specialized, trauma-competent staff, and increase the surge ca-
pacity preparedness of hospitals in disasters and emergen-
cies.17,30,38 Moreover, a study recommended that developing a local
registry system for retired doctors, nurses, volunteers, and allied
staff can be useful to call for help if the need arises.32 Besides,
hospitals should develop effective collaborative strategies and ca-
pacities to exchange their staff and patient transfer with other fa-
cilities during surge.17,34,39

Stuff
Several actions, such as increasing and stockpiling pharmaceu-

tical and medical supplies, creating additional intensive care units
(ICUs) and surgical theaters, reusing cleaned and sterilized sup-
plies, and triaging or reallocating scarce supplies,17,30,37e39 could



Fig. 1. Selection of included studies e PRISMA flow diagram.
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improve the hospital surge capacity preparedness in the stuff
domain. In addition, a healthcare coalition is needed in the USA to
reallocate and distribute urgently needed supplies during disasters
and emergencies. The study also recommended developing
collaboration strategies to share supplies and equipment among
healthcare facilities during the surge.34

Space
Increasing stockpiling areas inside the structure, opening unli-

censed beds, using non-clinical areas (i.e., waiting rooms and cor-
ridors), increasing additional beds through safe early patient
discharge, reverse triage, and canceling elective surgery could
strengthen hospital surge capacity preparedness in the space
domain.14,17,30,33,36,39 Blimark et al.38 recommended that Swedish
hospitals should increase their ground-based and aeromedical
prehospital transport capacity to deal with future surges.38

System
As the foremost steps in developing surge planning, authorities

should examine the existing hospital preparedness for surge and
also identify the problems and gaps in preparedness. Moreover,
hospital authorities should regularly update the existing pre-
paredness plans and evaluate results from ongoing planning to
15
improve the surge capacity preparedness in the system domain.30,31

Marcozzi et al.33 developed a Hospital Medical Surge Preparedness
Index to assess medical surge preparedness scores. This index
should be used to mitigate existing gaps in surge capacity and
strengthen the preparedness plan.33 Toerper et al.17 also proposed a
web-based simulation tool that enables emergency planners to
estimate the hospital surge capacity proactively.17 In addition, Mills,
Helm, and Wang35 developed and tested an optimization model of
early disposition by creating hospital surge capacity scenarios. This
optimization model could help to develop effective preparedness
and response plans during surges in disasters and emergencies.35
Rural and urban hospitals’ surge capacity preparedness

We found that only four studies (30.8%) explicitly discussed
urban hospitals’ surge capacity,13,14,34,39 and another four (30.8%)
discussed both rural and urban hospitals’ surge capacity.17,33,37,38

The other five studies (38.5%) did not discuss any details about
the location of the hospitals.30e32,35,36 However, no study explicitly
examined the rural hospitals’ surge capacity. Due to the lack of
location-segregated data (rural vs urban) from this systematic re-
view, no inference could be made about the difference in surge
capacity preparedness between rural and urban hospitals.



Table 2
Characteristics of included studies (N ¼ 13).

Characteristics n (%) References

Year of publication
2016e2017 2 (15.4) 13,30
2018e2019 4 (30.8) 14,17,36,39
2020e2021 5 (38.5) 31,33e35,38
2022 2 (15.4) 32,37

Country
Australia 1 (7.7) 37
Iran 3 (23.1) 14,30,36
Pakistan 1 (7.7) 32
Sweden 1 (7.7) 38
Taiwan 1 (7.7) 31
Tanzania 1 (7.7) 39
USA 5 (38.5) 13,17,33e35

Study design
Cross-sectional study 6 (46.2) 14,33,36e39
Retrospective cohort study 1 (7.7) 13
Qualitative study 1 (7.7) 30
Mixed methods study 2 (15.4) 31,32
Experiment and evaluation 1 (7.7) 35
Systematically designed
numerical experiment

1 (7.7) 34

Systematic simulation and
evaluation

1 (7.7) 17

Hospital surge capacity components
Staff 2 (15.4) 32,38
Stuff 1 (7.7) 38
Space 3 (23.1) 13,14,36
System 1 (7.7) 35
All (4S) 7 (53.9) 17,30,31,33,34,37,39

Types of disaster/emergency (exposure)
CBRN 1 (7.7) 37
Earthquake 1 (7.7) 34
Explosion 1 (7.7) 31
Flood 1 (7.7) 34
Fire 1 (7.7) 31
MCI 2 (15.4) 34,38
Any disaster 9 (69.2) 13,14,17,30,32,33,35,36,39

Location of hospitals studied
Urban 4 (30.8) 13,14,34,39
Rural 0 (0.0)
Both (urban & rural) 4 (30.8) 17,33,37,38
No detail 5 (38.5) 30e32,35,36

Note: CBRN ¼ chemical, biological, radiological, or nuclear disasters; MCI ¼ mass
causality incidents; proportions are not 100% if studies appear in multiple cate-
gories. The supplementary material provides a complete summary of the studies
(Table S3).
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Barriers to surge capacity preparedness

Among the 13 studies, nine (69.2%) discussed barriers to surge
capacity preparedness of hospitals in all four (staff, stuff, space, and
system) domains, presented in Table 4. The barriers to hospital surge
capacity preparedness mainly depend on the countries’ health sys-
tems and socio-economic conditions. Lack of sufficient staff and stuff
was the main obstacle to hospital surge capacity preparedness in
developing countries like Pakistan, Iran, and Tanzania.30,32,36,39 On
the contrary, the lack of standardized and systematic metrics or
models for assessing surge capacity, different hospital admission and
discharge systems, and threats of physical damage to the infra-
structure due to disasters were the main barriers to surge capacity
preparedness in developed countries.13,17,33,34

Discussion

This study highlights various preparedness activities that can
improve hospitals’ surge capacity in disasters and emergencies by
systematically identifying, synthesizing, and appraising peer-
reviewed studies. This study also identified several gaps and
16
barriers to surge capacity preparedness of hospitals in all domains:
staff, stuff, space, and system, which need to be addressed to provide
standard patient care services during surges. The study findings,
particularly the use of the Hospital Surge Capacity Preparedness
Index and Surge Simulation Tool, as well as other preparedness
activities, would be useful to hospital administrators, healthcare
providers, and policymakers in developing appropriate plans,
programs, and policies for surge capacity preparedness.

Though medical surge capacity is an essential component of
hospital preparedness, hospitals in underdeveloped and devel-
oping countries still face many challenges and limitations, pri-
marily due to the lack of sufficient staff and resources.30,32,39 Even
hospitals in developed countries have several gaps in surge ca-
pacity preparedness and response to disasters and emergen-
cies.37,38 Besides, the absence of a universal definition and
standardized measurement criteria for evaluating surge capacity
makes it difficult for healthcare institutions to examine and
compare their surge capacity.10,20,40

Surge capacity is defined in many ways8e10,15,20 (see supple-
mentarymaterials, Table S4). One general definition of surge capacity
is ‘the ability to obtain adequate staff, supplies and equipment,
structures and systems to provide sufficient care to meet immediate
needs of an influx of patients following a large-scale incident or
disaster’.10 This definition, along with others, reflects the theoretical
constructs of four main domains or components of surge capacity:
staff or human resources, staff or equipment and supplies, space or
structure, and system,8,10,20,33 which are widely accepted nowadays.
Thus, identifying and synthesizing domain-wise hospital surge pre-
paredness activities, including barriers and gaps, are essential to
developing better plans and programs to improve the domain-wise
surge capacity of hospitals.

The study findings suggested that calling stand-by or off-duty
staff, hiring staff from other facilities, and using local health pro-
viders and volunteers could be effectiveways to fulfill thedemand for
extra staff during the surge, which are supported by other
studies10,16,20 as well as previous systematic review.20 However, hir-
ing staff from other places is time-consuming, and integrating
external staff into a surge hospital can present several technical
challenges; therefore, systematic approaches, such as pre-
identification and cross-training, should be taken beforehand for
the hired staff to familiarize themselves with the situation and the
organization.16 Moreover, training and educating the staff16,20 and
the use of trained volunteers, medical and nursing students, and
defense medical personnel can increase staff surge capacity.20,41,42

Similarly, staff needs assessment during the surge is also crucial
since factors, such as lack of transportation and family support (ba-
bysitting, meals, laundry, and accommodation), can significantly
reduce staff's capacity to respond to the surge.37 Besides, effective
collaborative strategies must be in place to share staff and resources
among healthcare facilities to increase their surge capacity pre-
paredness.17,34,39 Hospitals must develop an appropriate plan
beforehand.41

Increasing medical supplies and stockpiling, creating more ICU
and surgical theaters, and reusing and reallocating scarce medical
equipment and supplies when possible were the major stuff pre-
paredness activities.17,30,37e39 A study on surge capacity in Austra-
lian hospitals shows that many victims have delayed access to
operative care, ICU, and x-ray facilities during mass causality in-
cidents.43 The scenarios of medical supplies and equipment
shortages are even more common worldwide during the COVID-19
pandemic.44,45 Moreover, effective supply chain management,
including ground-based and aeromedical transport systems, and
interagency collaboration are needed to ensure adequate supplies
of equipment and medicine to the hospitals during the surge.34,38



Table 3
Key findings of surge capacity preparedness of hospitals from selected studies with quality assessment.

Authors & country Number and location of
hospitals

Type of HSC
components

Main concept(s)/SC preparedness activities Quality
assessment

Abolghasem Gorgi
et al., 201730

Iran

18, No detail All (staff, stuff, space, &
system)

Several actions can strengthen HSC preparedness:
1) increase space inside the buildings
2) increase medication and emergency medical supplies
3) optimize general labor supply, and
4) ensure recalling and maintaining staff during the surge period.

Good

Blimark et al., 202038

Sweden
53, Rural & urban Staff & stuff 1) Swedish emergency hospitals lacked operating rooms, surgical

teams, or ICU beds.
2) To strengthen their HSC preparedness, hospitals should also

increase their prehospital transport capacity through ground-
based and aeromedical evacuation.

Fair

Chuang et al., 202131

Taiwan
4, No detail All (staff, stuff, space, &

system)
1) More better-trained employees are needed to provide timely

and appropriate care to patients;
2) Hospitals can gain a comprehensive understanding of disaster

response and interaction needs by systematically analyzing the
adaptation framework and the relationships between
adaptations and adaptation activities;

3) Additionally, evaluation of the outcomes of ongoing preparation
is crucial to improve preparedness planning.

Good

Esmailian et al., 201814

Iran
1, Urban Space 1) RT increased hospital capacity by 20% (108 beds) on average;

2) Highest potential for RT and SC is found in ENT, neurosurgery,
pediatric surgery, plastic surgery, male surgical ward, and
orthopedics department.

3) Patients with the highest risk of early discharge cannot be
discharged earlier than necessary, including the ICU, labor,
neonatal surgery, and NICU patients.

Good

Feizolahzadeh et al.,
201936

Iran

7, No detail Space 1) HSC during disasters can increase through the safe early
discharge of suitable patients.

Good

Haroon and Thaver,
202232

Pakistan

8, No detail Staff 1) Hospitals should utilize WISN to evaluate the current HR SC.
2) Hospitals must hire and manage the current strength of HCPs by

allocating them according to the patient workload;
3) A provincial registry system should be created for available

nurses, retired and volunteer doctors, and allied personnel to
ensure staff supply during surge;

4) Before deployment, preidentified HCPs should be well educated
and trained to adjust their re-definition roles during disasters to
manage the initial surge of patients.

Good

Kelen et al., 201713

USA
1, Urban Space RT's contribution to the improvement of SC:

1) 10% of the patients qualified for urgent low-risk RT;
2) The psychiatry unit accounted for more than half of the RT effect,

which had the most patients eligible for urgent RT;
3) The least significant effects were seen in the pediatric critical

care and oncology units;
4) RT would boost SC by about 50% if it only accepted higher-risk

patients.

Good

Koka et al., 201839

Tanzania
25, Urban All (staff, stuff, space, &

system)
Hospital preparedness for disasters in Tanzania:
1) While 68% of hospitals had a contingency plan specifying a

source for these supplies, only 15% had a stockpile space with
supplies (medications and consumables) on-site;

2) 80% of hospitals ensured a backup space where patients could
receive care during emergencies;

3) In a surge, hospitals should be more competent to recruit
employees from other facilities;

4) SC can be increased during disasters by releasing stable patients
from emergency rooms and hospitals, postponing elective
procedures, establishing alternative care spaces, and bringing in
stand-by or off-duty staff.

Good

Mackie et al., 202237

Australia
6, Urban & rural All (staff, stuff, space, &

system)
1) CBRN disasters can hinder hospital staff from accessing self-care

activities, commuting to work due to communication or trans-
portation issues, or supporting their family unit; therefore,
hospitals should offer additional services (babysitting, laundry,
meals, and lodging) to the staff;

2) During a surge, hospitals should add more EDs, ICUs, or surgical
beds by postponing elective surgery, boosting inpatient
discharge rates, or using non-clinical spaces as overflow.

3) Access to more staff during disasters can be improved by using
on-call staff, local providers (such as an agency), extending
rosters (8e12 h), or adjusting nurse-patient ratios.

Good

Marcozzi et al., 202033

USA
6239, Urban & rural All (staff, stuff, space, &

system)
Application of a Hospital Medical Surge Preparedness Index:
1) Hospitals should evaluate their surge preparedness using a

standard medical surge index prior to emergencies and
disasters;

Good

(continued on next page)

Md.K. Hasan, S.M. Nasrullah, A. Quattrocchi et al. Public Health 225 (2023) 12e21

17



Table 3 (continued )

Authors & country Number and location of
hospitals

Type of HSC
components

Main concept(s)/SC preparedness activities Quality
assessment

2) Hospital managers and administrations can identify and address
surge preparedness gaps, encourage improvements, and
mobilize resources to minimize deficiencies using the Medical
Surge Preparedness Index.

Mills, Helm and Wang,
202135

USA

2, No detail System Create and assess a model for optimizing early disposition activities
that can be utilized to boost hospital capacity:
1) Managing elective demand in the inpatient units through

workload smoothing during the mitigation phase, and
coordination of discharge decisions between the ED and
inpatient units during the reaction phase can increase SC;

2) The study suggests two critical roles for HSC: i) hospitals
interested in increasing SC with little or no consideration for
cost should concentrate on coordination as the primary strategy,
and ii) hospitals with at least 50% elective case mix and inpatient
utilization between 80% and 90% should implement smoothing
and coordination, or if choosing a single strategy, may consider
smoothing.

Not applicable*

Shahverdi, Tariverdi
and MillereHooks,
202034

USA

5, Urban All (staff, stuff, space, &
system)

Examine the efficacy of established collaboration methods for
transferring patients and sharing hospital resources (personnel,
equipment, and supplies) during a surge:
1) Formal regional healthcare coalition can play a role in

distributing desperately needed supplies and make effective
judgments about resource reallocation during a disaster;

2) Different strategies reduce daily unmet demand across the
system compared to a control scenario with no coordination;

3) Resource sharing works best in earthquake, flooding, and MCI
situations, reducing system-wide unmet demand by 39%, 45%,
and 23%, respectively. When collaboration methods are com-
bined with capacity augmentation strategies, system-wide daily
unmet demands are reduced by 48% in the earthquake, 53% in
flooding, and 23% in MCI scenarios.

Not applicable*

Toerper et al., 201817

USA
3, Urban & rural All (staff, stuff, space, &

system)
Use of Surgeda freely accessible web-based simulation tooldto
determine HSC.
1) Emergency planners can evaluate SC to facilitate disaster

response using the accessible surge tool (www.pacerapps.org);
2) Providing cross-training of hospital employees before a disaster,

giving just-in-time training for non-specialized employees, and
adding hospital workers from other organizations can increase
staff capacity;

3) Effective solutions for managing the restricted resources of
hospitals during disasters include stockpiling ahead of time,
reducing utilization, substituting functionally identical devices,
reusing supplies that have been cleaned and sanitized, and
reallocating or prioritizing constrained supply use.

Not applicable*

Note: *Unable to find any suitable quality assessment tools for these studies; CBRN ¼ chemical, biological, radiological, or nuclear; ED ¼ emergency department; HCP ¼
healthcare providers; HR ¼ human resource; HSC ¼ hospital surge capacity; ICU ¼ intensive care unit; MCI ¼ mass causality incidents; NICU ¼ neonatal intensive care unit;
RT ¼ reverse triage; WISN ¼ workload indicators of staffing needs; SC ¼ surge capacity.
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Space or structure refers to the physical spaces for patient care,
especially the bed capacity of a healthcare institute.5,8,10 Our study
found that patient transfer, safe early patient discharge, using non-
clinical areas, and canceling elective surgeries could extend a hos-
pital's space or bed capacity during a surge. Other studies sup-
ported these findings,5,20 including the previous systematic
review.20 In addition, several studies showed that reverse triage
could significantly increase surge capacity; however, only low-risk
patients are eligible for reverse triage.13,46e48 Besides, studies have
shown that hospital surge capacity is limited when the bed occu-
pancy rate is high and unoccupied beds are limited.11,49 The Health
Resources and Services Administration recommended that at least
500 beds are required per one million people to respond to mass
causality incidents effectively.50

During a surge, the incident command systemplays a central role
in overseeing the management, including assessing demands and
supplies. Several studies recommended that proper assessment of
surge capacity preparedness and planning is crucial to deal with
emergencies. Previous studies on surge capacity also showed that
the lack of standardized numerical tools to measure surge capacity
18
preparedness is a major barrier to developing effective hospital
plans and programs.20,33,51 Our study found two tools: (1) Hospital
Medical Surge Preparedness Index (HMSPI) and (2) the Surge
Simulation Tool (SST) that helps to measure hospital surge capacity
preparedness, thus facilitating to take appropriate decisions to
improve the surge capacity by the hospital authorities.17,33 These
findings were new and not identified in the previous systematic
review of surge capacity preparedness.20 The Surge Simulation Tool
can measure surge capacity for any individual hospital unit or the
entire hospital, which will be extremely useful for developing unit-
wise plans and programs for strengthening the surge capacity of
hospitals.33

This study also identified several barriers to preparedness for
surge capacity in all domains. In general, hospitals in developing
countries primarily suffered from staff and stuff shortages, whereas
hospitals in developed countries, especially in the USA, had system-
related barriers to hospital surge capacity preparedness.14,17,
30,32,34,37,39 However, the types of barriers depend not only on staff,
stuff, space, or management of the hospitals but also on the nature
andmagnitude of the disaster and emergency that create the surge.

http://www.pacerapps.org


Table 4
Barriers to surge capacity preparedness of hospitals in disasters and emergencies.

Authors & country Type of HSC components Barriers to surge capacity preparedness

Abolghasem Gorgi
et al., 201730

Iran

Staff, stuff, & space The main barriers to HSC preparedness are:
- lack of space, water, and electricity supplies
- deficiency in providing emergency medical and essential non-medical supplies during the surge
- lack of staff in hospitals during disasters, and
- lack of incentives for people to stay and work in disasters.

Blimark et al., 202038

Sweden
Staff, stuff, & space The main obstacles to Swedish hospitals being prepared for surge capacity are:

- lack of prehospital transport capacity, including both ground-based and aeromedical evacuation
- lack of pharmaceutical and medical supplies
- inadequate number of hospital beds and ICU units, and
- shortage of trauma-competent staff.

Feizolahzadeh et al.,
201936

Iran

Space & system - Even though early discharge to HSC is essential, there are no specific rules for identifying patients who can be
discharged.

- Furthermore, little is known about patients eligible for discharge and the rise in HSC that occurs after an early
discharge.

Haroon and Thaver,
202232

Pakistan

Staff The biggest obstacle to HSC readiness is the acute lack of physicians and nurses at tertiary care facilities in
Pakistan.

Koka et al., 201839

Tanzania
Staff Overcrowding hospital beds with critically ill patients greatly exceeds baseline provider capacity and prevents

the mobilization of additional staff during a disaster.
Mackie et al., 202237

Australia
Staff, stuff, & system - Surge capacity preparation could be hampered by failing to set up sufficient control lines at the hospital

locations during a CBRN disaster, and not giving emergency care physicians personal dosimeters in the
event of radioactive contamination.

Marcozzi et al., 202033

USA
System The lack of standardized and systematic metrics hampered the capacity to assess accurately, plan, and finance

optimal healthcare delivery during disasters.
Shahverdi, Tariverdi

and MillereHooks,
202034

USA

Space Increased unmet demand and hampered surge capacity can result from physical damage to hospitals and their
sustaining lifelines.

Toerper et al., 201817

USA
System Diverse admission systems, with discharge patterns and functions under varying operating conditions, can

hamper HSC preparedness.

Note: CBRN ¼ chemical, biological, radiological, or nuclear; HSC ¼ hospital surge capacity; ICU ¼ intensive care unit.
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We also aimed to identify the difference in surge capacity pre-
paredness between rural and urban hospitals; however, we could
not draw any conclusion due to the lack of sufficient evidence.
Therefore, more studies are needed to address this issue.

From a public health perspective, it is important to improve
hospital surge capacity, particularly during disasters, because
insufficient hospital capacity may lead to substandard healthcare
services for the disaster victims and increase the premature
discharge of vulnerable patients to the community. These condi-
tions may burden primary care systems and displace other key
routine activities, such as health promotion, disease prevention,
immunization, and cancer screening program, and limit patients'
access to critical care, treatment, and diagnosis, further worsening
care seekers' outcomes. Our findings help to identify activities that
improve hospital surge capacity, which have a direct positive effect
on population health by optimizing resource utilization and
decreasing the cost of opportunity. Cross-sectorial coordination
and resource optimization can maintain daily healthcare services
while giving a proper response to a disaster. Some considerable
strengths of this systematic review are: (i) we systematically
searched all vital electronic databases for peer-reviewed evidence
regardless of any geographical boundary; (ii) we strictly followed
the PRISMA guidelines; and (iii) we examined the quality of
included studies using the NIH, MMAT, and Noyes et al. guidelines.
Despite the heterogeneity of the study designs and settings, the
quality of the most included studies was good. However, we could
not assess the quality of the three studies due to the lack of suitable
assessment tools.17,34,35

However, several study limitations should also be recognized.
First, we only reviewed the articles written in English. Thus, we may
have missed studies from other languages, a possible cause of bias.
Secondly, there is a change of selection bias as we did not review any
grey literature. Lastly, we only considered hospital surge capacity
19
preparedness in disasters and emergencies, not pandemic or
epidemic situations,whichmayprovidenewinformationabout surge
preparedness if included.Despite the limitations, our studyhighlights
the practical interventions, including barriers to hospital surge ca-
pacity preparedness, which would be useful to healthcare practi-
tioners, hospital authorities, andpolicymakers indevelopingeffective
surge preparedness plans, programs, and policies for hospitals.

Conclusion

This systematic review identified, reviewed, synthesized, and
appraised peer-reviewed studies on preparedness activities and the
barriers to hospital surge capacity in disasters and emergencies. We
found several surge capacity preparedness activities, such as the
Hospital Surge Capacity Preparedness Index and Surge Simulation
Tool, which should be used to take proactive surge preparedness for
hospitals. Moreover, cross-functional coordination and resource
sharing among the hospitals should be improved to strengthen
hospital surge capacity preparedness during disasters.
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