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Abstract

for each subdomain to assess HDR.

Background: Hospitals play a vital role in disaster stricken regions. The resilient hospitals will be able to provide
essential services to affected people and it can mitigate the risk of injuries during and after disasters. This study
aimed to obtain the indicators required for the evaluation of hospital resilience.

Methods: This systematic review was conducted in 2018. Through this systematic review, international electronic
databases were investigated for the research studies published in English. The exclusion and inclusion criteria were
determined to extract the hospital resilience indicators. These indicators will be used in order to develop a model
to keep the system performance at an acceptable level during disasters.

Results: Out of 1794 research studies published until September 2018, 89 articles and guidelines with full text were
surveyed. Thirty-two articles and guidelines were then selected and analyzed to collect the indicators related to
hospital disaster resilience (HDR). The domains and the indicators were extracted from these selected research
studies. The authors collected and categorized them into three domains and twenty seven subdomains. The three
domains included constructive, infrastructural, and administrative resilience. The relevant indicators were designed

Conclusion: Since diverse indicators affect hospital resilience, other studies should be conducted to propose some
models or tools to quantify the hospital resilience in different countries and scopes with an all hazards approach.
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Background

Natural and human made disasters impose different
range of damages, injuries and death to affected com-
munities [1]. These can disrupt infrastructures and fa-
cilities, such as hospitals, schools, transportation
systems, and emergency services. When these disas-
ters occur, damages can be related to physical compo-
nents, such as building structure, construction
materials, and non-structural systems like medical
equipment, lifelines, and architectural features. Hos-
pital staff could be affected during disasters and their
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absence or unpreparedness influences the service con-
tinuity at urgent situations induced by disasters.
Therefore, it is supposed that they would be well-
aware of their role in implementing disaster plans. In
case of hospital structural and non-structural failures,
large investment should be done for continuity of ser-
vice delivery in open areas or temporary buildings.
Moreover, the activities for repair or reconstruction
should be performed [2-4]. The literature review in-
dicates that the main reason for most of the damages
in health facilities is related to inappropriate site
selection for the building, lack of proper design or in-
sufficient maintenance [5]. Recent disasters through-
out the world resulted in hospital damages and
interruption in medical services [6—10]. For instance,
in August 2012 and during Varzaghan-Ahar twin
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earthquakes in Iran, the performance of both Heriss
and Ahar hospitals were not satisfactory. There were
huge damages to the columns and beams, false ceil-
ings and walls. Due to the lack of safety inside these
two hospitals, the medical services were performed
outside zone at the temporary hospitals set up in the
tents [11]. After the devastating earthquake in Ezgele,
Kermanshah in the west side of Iran in November
2017, the newly-built Islamabad and Sar-e-Pol-e
Zahab hospitals were subjected to structural and non-
structural damages which resulted in power outage
and providing services outside the buildings [12]. The
damages or malfunctioning of hospitals components
in the case of emergencies and disasters will have dir-
ect or indirect impact on the continuity of medical
services and result in more injuries or fatalities [13].
Therefore, it is important to encourage researchers,
engineers and decision makers to develop ways to im-
prove the resilience of healthcare facilities [14, 15].

In the world conference on disaster reduction in Hyogo,
Japan, the aim of “hospitals safe from disaster” was pro-
posed by ensuring that all new hospitals should be built
with a level of resilience that strengthens their capacity to
remain functional in disaster situations [16]. Also, during
the third world conference held in Sendai-Japan, in 2015,
the resilience of health infrastructures and disaster risk re-
duction measures were emphasized [17].

The systems resilience can be defined as containing
four R that represents Robustness (inherent strength),
Redundancy (replace ability of resources), Resourceful-
ness (having plans and strategies) and Rapidity (achieve
priorities promptly) [18]. Ostadtaghizadeh et al., in a sys-
tematic review proposed a classification for community
disaster resilience which included natural, economic, so-
cial, institutional, and infrastructural domains [19]. From
the health aspect, the resilient system should be able to
prepare for, withstand the stress of, and respond to the
public health consequences of disasters successfully [20].
Hospital resilience is related to decreasing vulnerability
to the shocks brought by disasters and increasing adap-
tive capacity brought by improved measures and oppor-
tunities [21].

There are significant amount of research conducted to
understand hospitals response to hazards and some
studies containing a tool or instrument like Hospital
Safety Index (HSI) as a rapid, reliable, and cost-effective
diagnostic tool for assessing the safety of hospital build-
ings, critical systems and equipment, the availability of
supplies, and the emergency and disaster management
capacities of the hospital. This tool not only helps to as-
sess safety status, but also helps to evaluate the response
capacity of the hospitals [22-27]. Moreover, there are
some studies that mentioned instruments for assessing
Hospital Disaster Resilience (HDR). In some of them the
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authors focused on operational characteristics of
hospitals; however, the structural and non-structural as-
pects of hospital resilience were not mentioned in details
[28-33]. For instance, Zhong proposed multiple con-
cepts for assessing hospitals resilience in response to di-
sasters in China. The variables used in this study
included hospital safety, emergency services, surge
capacity, command, disaster plan, logistics, staff ability,
disaster training, communication and cooperation sys-
tems, recovery, and adaptation [34]. With regard to the
importance of evaluating, monitoring, and planning in
order to improve HDR, it is necessary to develop a vali-
dated model to evaluate HDR. To do so, it is required to
identify all the factors and indicators mentioned in dif-
ferent studies and categorize them in a framework [33].
This study aimed to identify, collect, and categorize the
factors that could be used for assessing HDR.

Methods

Databases and search strategy

This study as a systematic review covered the electronic
academic resources, such as articles, books, documents,
and reports published before September 1, 2018. There
were no limitations with the type or the date of studies,
but the study language was only restricted to English.
International electronic databases, including Pubmed,
Web of Science, Scopus, and Google scholar were inves-
tigated. In addition, the ProQuest Research Library
which only contains thesis was searched too. The search
key terms were selected from three major scopes after
consulting with experts, hospital, disasters, and resili-
ence. In addition to keywords provided by experts, to
find more relevant citations, MeSH entry terms service
of PubMed were used. The experts mainly were from
scientific institutions and organizations which were in-
volved in disaster risk reduction and disaster manage-
ment and had some academic papers and also
systematic review articles in this field. The search strat-
egy was determined for searching the databases as
follows:

(Disaster* OR emergency*) AND (resilience*) AND (hos-
pital* OR healthcare OR health care). This strategy was ap-
plied in titles, abstracts, keywords in all databases. The
complete search strings are included in Additional file 1.

Inclusion and exclusion criteria

Included documents were credible articles, guidelines,
and grey literature written in English that focused on
structural or non-structural systems of a hospital, such
as buildings, lifeline or utility, including water, power,
and fuel/gas/energy. Moreover, they had to explain or
present the factors, indicators, variables, models or in-
struments that affected the resilience of the structural or
non-structural systems of the hospital in case of
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disasters. The articles which were related to the individ-
ual, staff, psychological and economic resilience were
excluded and also those which did not present the fac-
tors or indicators of HDR. The documents without full
text or those which their full texts were not available
were excluded. Table 1 shows the inclusion and exclu-
sion criteria.

Figure 1 outlines the PRISMA flow diagram for the se-
lection process in the studies for this review.

Data extraction and analysis

For extracting the data, two independent researchers
performed the screening of the titles and abstracts to
choose the relevant articles according to the inclusion
and exclusion criteria. Then, the full texts of the total ar-
ticles were reviewed. In the case of disagreements be-
tween two researchers at this stage, the third researcher
joined the review team and helped them select the most
relevant articles. Then, two forms were developed, one
for importing general information from the selected arti-
cles by mentioning the names of the authors, type of ar-
ticles, the research country, date of publication,
methodology, and objective of the studies. Another form
was applied for identifying the name of the models and
tools, the details of domains and indicators and the fac-
tors mentioned in them.

Results

The initial search resulted in identification of 1794 po-
tentially relevant documents from the four international
databases (PubMed, Scopus, Web of Sciences and Goo-
gle scholar), 612 literatures were duplicated and re-
moved. The remained documents included 1182 studies,
from which 746 were excluded after screening their titles
and abstracts; since they did not include the determined
inclusion criteria; while 436 papers were included. By in-
vestigating the abstracts in details, 347 studies were ex-
cluded because of having no domains or indicators of
HDR. Then, 89 studies were selected for full text reading
and 57 articles were excluded due to lack of enough in-
formation or suitable factors or indicators to assess HDR
or the full texts were not accessible. Finally, full-text re-
view of these articles led to 32 documents which were

Table 1 The inclusion and exclusion criteria for article selection
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included in the present study. The study was developed
based on the PRISMA checklist assessment tool.

Descriptive analysis

By reviewing the 32selected articles and guidelines
published before September 1, 2018, it was obvious
that the largest numbers of papers were from the
United States (40%), followed by the United Kingdom
and Malaysia (10%), Iran, China and Canada
(7%).Other research studies were from Colombia,
Belgium, Italy, Japan, Switzerland, Australia, and New
Zealand. These 32 final documents included original
articles, guidelines, reviewed articles, and conference
papers. It also showed that the focus on HDR has re-
cently increased, so that more than 20 included arti-
cles in this systematic review have been published
after 2014. Sixteen articles had the all-hazards ap-
proach and others (10 articles) discussed the seismic
resilience of hospitals and six articles were related to
climate change, including extreme weather events,
hurricane or flood. Through surveying, the method-
ology of the articles and guidelines showed that only
two articles were review research studies, four guide-
lines, and the remained articles were original research
studies. Literature review was as a basic part of all of
the articles. The methodology of these articles were
divided into three types, including eight articles which
used qualitative methods, 13articles used quantitative
methods, and the methodology of the other nine pa-
pers were both qualitative and quantitative. The
remained article was a narrative study. Additional file 2
shows the characteristics of the full sources included
in the study [4, 8, 25, 27, 29, 31-33, 35-58].

Thematic analysis

For extracting the domains, subdomains, and indicators
related to HDR, all the 32 selected articles and guide-
lines were reviewed. From these studies, four research
studies proposed a model, framework or tool which de-
veloped the process of assessing HDR. These model,
tools, and framework were as follows: Hospital Safety
Index (HSI) [27], Dynamic approach to the seismic re-
silience of hospitals [45], Measuring framework of the
hospital resilience [33], and The indicators for assessing

Inclusion Criteria

Articles, guidelines and grey literature written in English.

The studies that focused on structural or non-structural systems of a hospital.

The studies that present the factors, indicators, variables, models or instruments that affected the resilience of the structural

or non-structural systems of the hospital.

Exclusion Criteria

The studies that relates to fields of resilience such as individual, staff, psychological and economic resilience.

The articles that do not present the factors or indicators of HDR.

The studies that we couldn't find their full text.
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Potential citation via electronic
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Potential citation via Google Scholar
and Other databases
(n=608)

4/,

Total Literature Founded by
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Total Unique and potentially
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Citation excluded by Abstract
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Review (n = 347)

Full text studies reviewed
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v

Full text studies excluded by criteria
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Full text studies included for Data
extraction (n = 32)

Fig. 1 Flow diagram of the search and selection of studies

hospital disaster preparedness in Japan [25]. Some of the
articles did notpresent any tool or model for assessing
HDR; however,they consisted relevant indicators or vari-
ables to HDR. Table 2 represents tools and models, as
well as indicators for assessing HDR.

Discussion

This study aimed to determine the domains and indica-
tors for assessing HDR through a systematic review.
Given that the proper and timely operation of hospitals

is crucial in times of crisis; their resilience needs to be
addressed. Therefore, the comprehensive assessment of
HDR helps to find the weaknesses and challenges in the
scope of disaster risk and remove them to mitigate the
harmful consequences of disasters [59]. The desirable
performance of hospitals during and after disasters and
their continuity to services depends on different factors,
such as hospital building stability, including the struc-
tural and non-structural systems [60]. Several studies
were carried out in different fields of HDR, such as
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organizational resilience which is related to functional
services of the hospital [1, 46, 61-63]. However, the
studies which are substantially related to structural and
non-structural components of hospitals have been rarely
found. Thus, a systematic method of HDR regarding the
structural and non-structural systems would be required.
Some indicators which were directly related to medical
services, such as triage or referral, transfer, and reception
of patients excluded in the present review. However, the
indicators that described the structural and non-
structural characteristics as well as administrative and
functional activities concerning structural and non-
structural systems included in this study. Most of the
studies focused more on electrical and water utilities
and transportation networks in hospitals [40, 42, 46, 51,
53, 54, 56, 58, 64]. The literature showed that other util-
ities in hospitals like communication system, gas supply
system, sewage system as well as non-structural compo-
nents of buildings, such as architectural elements have
been less considered. In the case of healthcare facilities,
nonstructural components often represented greater
economic value rather than the structure itself. Analyses
indicated that nonstructural components generally
accounted for more than 80% of the total costs of a hos-
pital [65]. Moreover, there is a crucial difference be-
tween risk reduction (safety and preparedness) and
resilience in this regard. Safety is defined as “a state in
which hazards and conditions leading to physical, psy-
chological or material harm are controlled in order to
preserve the health and well-being of individuals and the
community” [66]. However, resilience is defined as a
concept for the ability or capacity of a system or com-
munity to deal with risk [67]. Based on these definitions,
it can be found that safety and risk reduction is mainly
used to reduce the level of risk; however, resilience is
used to keep control of the functionality of a system
when the system is prone to risk. The model, tools, and
framework in Table 2 had properties which helped to
improve a model to assess HDR. The HSI tool and
frameworks proposed by Zhong had an all-hazards ap-
proach [27, 33]. The HSI has three sections, including
structural, non-structural and disaster management sys-
tem [27]. The structural system refers to elements of
building that withstand loads. Other elements of build-
ings, such as utilities and architectural systems are cate-
gorized as non-structural system. One of the advantages
of this tool is that the non-structural section is wide and
consists of many sub-categories. The disaster manage-
ment category in HSI has emphasized on preparedness
of the hospital system, including human resources readi-
ness, preparing action plans, management of communi-
cation and information systems, patient care and
support services, and logistics and finance. Another sur-
veyed tool was presented by Mulyasari et al., including
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four domains and indicators for improving the resilience
of hospitals against earthquakes in Japan [25]. Analyzing
this tool demonstrates that the proposed approach is not
comprehensive in spite of having four domains. Three
domains similar to HSI modeland human resources were
also added. This tool focuses mainly on the power and
water systems and not structural condition of hospitals
and other utilities. Moreover, the main focus of human
resources domain is just on medical staff, so that the
other groups of hospital staff have been neglected. The
other disadvantage is that this tool considers only the
preparedness phase, while a resilient hospital system
should cover different phases of disaster management,
including mitigation, preparedness, response, and recov-
ery [68]. The model proposed by Khanmohammadi
et al., concentrates on the hospital building and relevant
technical services failure after earthquakes at the recov-
ery phase in Iran. It cites the impacts of hospital dam-
ages and the resource shortage on the quality of services
and uses the relevant variables to quantify the hospitals
resilience [45]. The model variables were classified into
three groups, including the endogenous, exogenous, and
excluded variables. The endogenous variables can affect
the building damages, the exogenous variables, including
earthquake intensity, and the excluded variables that
would help to quantify the functionality of the hospital.

Zhong suggested a framework including four domains
and 12 subdomains for assessing hospital resilience as-
sessment in China [32—34]. This framework highlights
managerial aspect of hospitals more than the structural
and non-structural systems at the time of danger. Con-
tinuity of essential medical services as one of the
domains of this framework only takes two factors, i.e.
emergency medicine and surge capacity; whereas service
continuity should include utility services, staff participa-
tion, and other similar fields as well [34]. In this frame-
work, all the building elements have been mentioned as
the architectural components and there is no distinction
between the windows and doors with medical and la-
boratory equipment or electrical installations. Moreover,
the financial supports of the hospital system has been
neglected in the mentioned framework [33].

The idea of this study is to extract the relevant indica-
tors which would be able to measure them quantitatively
in the developed model for removing the weak points of
qualitative models.

By considering all advantages and disadvantages of
HDR surveyed models and tools, the indicators extracted
from research studies in this systematic review were col-
lected and categorized in Table 3. These indicators can
be useful for assessing HDR.

Totally, the collected indicators were categorized in 3
domains, 27 subdomains, and relevant indicators that
can be used for assessing HDR in future studies. The
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domains in Table 3were divided into three resilience
types, including constructive, infrastructural, and admin-
istrative. Constructive resilience as a domain encom-
passes all elements of hospital building. This domain
consists of architectural elements and the design of
spaces and structures as subdomains for optimum func-
tion of hospitals to be inherently flexible, strong, and
adaptive to emergency situation. Another subdomain is
transportation and transmission that should be designed
before the hospital construction and facilitates the access
of patients and staff to the hospital. The infrastructural
resilience consisted of non-structural elements which fa-
cilitate the hospital functions. The utilities and services,
such as power, water or fire control were mentioned
with their relevant indicators in this section. In addition,
the protection of electrical utilities from terrorist and
cyber-attacks was highlighted as a subdomain in the in-
frastructural resilience. The administrative resilience do-
main included activities for disaster management
hospital, such as hazard and vulnerability reduction
measures, preparedness, response, and recovery plans. In
this domain, managing the volunteers is also a critical
subdomain which shows the importance of the
community-based activities as well as participatory ap-
proach of resilience. Due to the importance of repair
and reconstruction of the structural and utility systems,
the cost and priorities of these actions were mentioned
as finance and recovery in the administrative resilience
domain. Also, the domains and subdomains have the po-
tential to substitute according to 4R, including resource-
fulness, redundancy, robustness, and rapidity. For
instance, infrastructural resilience as a domain was cate-
gorized into the resourcefulness and redundancy as the
resilience criteria demonstrate the hospital capability for
mobilizing alternative external resources. It can also in-
volve human resources and material in the process of re-
covery and also to substitute alternative elements.
Constructive resilience is associated with robustness as
another resilience criterion which shows the ability of
hospital system to withstand a given level of shocks.
Extracted indicators relevant to recovery and response
are accounted as rapidity which is one of the resilience
criteria reflecting the capacity of hospital system to meet
priorities in order to recover functionality and avoid
future disruption [39, 42, 64].

Limitations

The main limitation of this review lies in the fact that
English articlesand documents were only included.
Therefore, the authorsmay have lost some of the rele-
vant research studies which were in other languages.
Furthermore, there were limited access to the full text of
some papers that could affect finding comprehensive in-
dicators. Identification and extracting indicators in some

Page 9 of 11

articles, especially in engineering fields, was difficult.
Moreover, the number of extracted indicators werecon-
siderably high that the authorshad to merge similar
indicators.

Conclusions

This study highlighted the role of indicators and defined
domains in order to assess hospital resilience through an
integrated model. To do so, a set of domains, subdo-
mains, and relevant indicators were extracted to be able
to measure HDR quantitatively in future studies. The lit-
erature review proves that the functional safety has been
an interested topic among scholars in order to increase
the hospital resilience. However, hospital building and
spaces as constructive resilience, also lifelines as infra-
structural resilience,and importantly services as adminis-
trative resilience playsignificant role in hospital
performance during disasters. Thesedomains and subdo-
mains have beenignored in some studies. However, this
studyrelies on the three mentioned resilience domains to
focus onhospital resillience. Moreover, measuring HDR
quantitatively is one of required factors suggested to be
achieved in other studies as an important issue.

Further studies should be done to select other related
indicators usingexpert judgement and improvement of
the existing models. In addition, the validity of the
model and indicators should be verified in further stud-
ies due togeneralizability in different countries and di-
verse hazards. These tools or models can help societies
and government officials to reduce hospitals vulnerabil-
ity and improve their performance and resilience against
disasters.
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