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Risk analysis and safety assessment
of hospitals against disasters: A
systematic review
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Naser Hasheminejad?

Abstract:

Both natural and man-made disasters are increasing in occurrence at the world. Hospitals and
health-care centers are very complex and have a high potential for vulnerability depending on external
and internal factors. Unfortunately, past experiences show that health-care centers and the health
system are vulnerable to disasters. Therefore, risk analysis and safety assessment studies of hospitals
and other health-care centers are absolutely necessary. This systematic review study was conducted
on the basis of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
English language international databases (Pub Med, Scopus, Embase, Web of Science, and Google
Scholar) were searched through January 1, 2000 up to June 20, 2019. The quality of the studies was
assessed using the International Narrative Systematic Assessment tool. From 3630 titles identified in
this search, 24 studies were selected. The important findings of this study were grouped into five main
categories: risk analysis method, type of disaster, hospital safety methods, hospital components and
key outcomes of risk analysis, and hospital safety assessments. The nature of disasters is a threat
to the lives and property of the people, and therefore hospitals must be available at the incidents
and disasters and they must be able to respond to the needs of the disaster-affected community.
The probability of an incident and its consequences can never be reduced to zero; because the
severity of many natural and even man-made disasters is unpredictable and the probability of their
occurrence is different; however, it is possible to identify weaknesses and strengths through risk
analysis studies as well as hospital safety assessments and implement retrofitting programs based
on the type of risks and safety status and reduce the level of risk to an acceptable level.
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subsequent marginalization are considered
the most important factors in increasing
the vulnerability of communities. In 2016,
it was estimated that approximately 54.5%

Introduction

Both natural and man-made incidents
and disasters are increasing in the

world.l" By definition, disaster is a serious
disorder which leads to a significant
amount of human suffering and social
turmoil and can have short-term and
long-term effects on health.l’ Over the
past 20 years, many countries around
the world have been affected by many
natural and man-made disasters which
have had a profound impact on nature and
communities.®! Urban development and
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of people lived in large cities and urban
areas.! Many cities are faced with kinds
of natural and man-made disasters; thus,
they can become the crisis centers and
may be damaged in occurrence of an
incident.”! According to a report by the
Centres for Research on the Epidemiology
of Disasters (EM DAT) in 2019, 396 natural
disasters affected more than 95 million
people, killing an additional 11,755 people
and causing losses worth $103 billion.
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According to statistics, Asia has experienced the
highest occurrence of natural disasters (44%) and has
had the highest number of affected people (69.5%).
Following Asia, the highest figures have been observed
in America (25%), Europe (14%), Africa (13%), and
Oceania (4%), respectively.l! Therefore, it can be said
that Asia is one of the most vulnerable continents in
terms of the number of disasters and the number of
deaths.! Studies have also revealed that disasters
highly effect on developing countries and poor societies
which account for more than 60% of the world’s
population, with Asia and Africa having the largest
share.’! Similarly, it is estimated that more than 97%
of deadly disasters occur in developing countries
located in vulnerable areas.’! In addition to natural
disasters such as floods, earthquakes, and droughts
and man-made disasters including terrorist attacks,
traffic accidents, and fires also occur more in developing
countries due to their inadequate and inappropriate
infrastructures.'” Since 1990, natural disasters have
caused about $ 1 trillion damage to Asia, which is
about half the cost of the damage worldwide."! A study
conducted on the effects of future disasters estimated
that, between 2020 and 2030, people of Asia and Oceania
will be at higher risks of injuries and deaths caused by
different kinds of disasters.!"?

Concerning the sectors involved in crisis and disaster
management, health is of great importance because it
is the first and foremost thing people require after an
incident.™ Disasters can abruptly result in an increase in
the demand for health services which may, on a massive
scale, lead to inefficiency of the health-care system."]
Hospitals and other health centers are responsible for
the health of the injured and for preventing the deaths
of people affected by disasters; it depends not only on
organizing but also on strengthening their equipment
and their safety.”” The uninterrupted provision of
hospital services is one of the vital issues before and
after occurrence of disasters, that all authorities should
pay special attention to.*) Hospitals must keep their
maximum capacity and remain available during and
after incidents, emergencies or other crises, provide
adequate care for the victims of disasters as well as
provide essential health services to establish health in
societies."! Thus, hospitals and other health centers
are expected to be prepared to deal with any crises and
disasters and to be able to provide constant services to the
affected population.8 Although health and treatment
facilities are essential infrastructures at the disasters, they
have equipment that is vulnerable to various disasters
such as earthquakes and floods. In addition, damage to
medical buildings can disrupt the provision of medical
services. Therefore, health-care facilities are required to
remain operational in order to be able to provide services
after any disaster.!"”!

Hospitals and health centers are extremely complicated
and are highly vulnerable to external and internal
factors.™! Unfortunately, past experience has revealed
that health centers and the health system are vulnerable
to disasters. For example, in an earthquake measuring
6.6 on the Richter scale which occurred in Iran in 2003,
all health centers were devastated and half of the health
personnel were killed.”! In the 2005 earthquake in
Pakistan (measuring 7.6 on the Richter scale), 68% of
health centers in the earthquake-stricken areas were
demolished and were unable to provide services for
the victims.”??l In 2007, Peru was struck by a major
earthquake (measuring 8 on the Richter scale), in which
60% of health centers reported various types of damage;
however, 80% of services was uninterruptedly provided
for the injured and affected people.”! In January 2015,
a gas pipeline explosion at a maternity and children’s
hospital in Mexico City killed two infants and two adults
and left many people injured. It completely destroyed
the entire building.”! According to the cases mentioned
above, hospitals are considered one of the most crucial
infrastructures of every society, and the damage to them
can result in catastrophic losses, loss of human beings,
and very serious economic consequences; therefore, their
safety is of great importance.”!

According to the definition of World Health
Organization (WHO), a safe hospital is able to respond
with its maximum power and capacity immediately
after a disaster, is available, and is in full operational
conditions.!”® During the 1990s (dedicated to the
disaster risk reduction), the occurrence of some disasters
around the world led to the publication of numerous
articles on the effects of disasters on hospitals and their
damage.” In order to prevent such problems, the United
Nations launched the “Campaign for Safe Hospitals
against Disasters” during the World Conference on
Disaster Risk Reduction in 2005. The campaign was
based on the commitment that the hospital must be
safe in order to prevent the consequences of disasters
and to continue to operate within 3 days after the
disasters. Thus, a safe hospital has three indicators:
life protection, capital protection, and performance
protection.*! Concerning the safety of hospitals,
the Hyogo Framework for Action (HFA) and the
Sendai Framework for Action (SFA) emphasized the
importance of resilience of critical infrastructures such
as hospitals by understanding the measures taken to
reduce disaster risks. The Sendai framework has a
direct impact on health. This framework promotes the
safety of health and treatment facilities.””! There are
currently few methods for measuring the safety and
vulnerability of hospitals. The Safe Hospital Program
Guide defines a safe hospital as a place where services
are available and a place which remains at its full capacity
with the same existing infrastructures.” The WHO has
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also developed a method for hospital managers, in which
they can assess the level of structural, nonstructural, and
functional safety by measuring weaknesses in different
parts of the hospital; they then can take action to solve
these problems.! Owing to the limited resources of
communities, risk analysis is of great importance.!
Risk analysis can identify risk factors for hospitals and
can prioritize and reduce risks. In most risk and safety
analysis methods, individual facilities are measured
and analyzed mainly by focusing on structural aspects
using: 1 — risk analysis matrix, 2 — fragility curves, and
3 —structural, nonstructural, and functional indicators."?’!

Disasters whose effects are apparent at different levels
are an inevitable part of human life.* Therefore, new
knowledge and information is required to reduce its
effects as much as possible.B! According to this report,
so far, no comprehensive study has been conducted on
various aspects of risk analysis and safety assessment
of hospitals. Therefore, to fill this knowledge gap,
this systematic review aimed to examine the different
methods and factors and to offer a multifaceted approach
to this issue with the following research questions:

1. Which methods used for risk analysis in hospitals?
(risk analysis methods)

2. Which disasters have been considered most relevant
for risk analysis and safety assessment? (disaster type)

3. Which methods used to measure hospital
safety? (hospital safety assessment methods)

4. Which components have been considered in the
safety assessment and risk analysis of the hospital?
(hospital components)

5. What are the key outcomes of risk analysis and
hospital safety assessments? (Key outcomes).

Materials and Methods

This systematic review was based on Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines.®? A study protocol was developed to
formulate the study question, define the inclusion
criteria, develop a database search strategy, retrieve the
relevant studies, extract the relevant data, appraise the
retrieved studies, and synthesize and report the data.
The protocol was reviewed by a committee at the Institute
for Futures Studies in Health, Kerman University of
Medical Sciences. This search was conducted through
January 1, 2000 up to June 20, 2019. The protocol was
not publicly preregistered.

Search strategy

The systematic review involved the structured searching
of international databases including (PubMed, Scopus,
Web of Science, Embase, and Google Scholar) up to June
2019. We did limit the search to articles written in English
after 2000 and those that specifically address risk analysis

and safety assessment of hospitals. Furthermore, there
was no limitation on the methods used in the studies. The
search strategy was developed based on a combination
of keywords related to the topic of research. To detect
as many articles as possible, a selection of key words
was done on the basis of a previous study, and MeSH
terms were used. In this study, we used three groups
of keywords: (a) risk analysis, risk assessment, safety
assessment, safety, structural safety, nonstructural safety,
and functional safety; (b) hospitals; and (c) natural disaster,
earthquake, flood, landslide, drought, cyclonic storm,
tornado, tidal waves, wildfire, hurricane, sand storm,
man-made disaster, fire, explosion, war, terrorist attack,
biological disaster, chemical disaster, and nuclear disaster.
These keywords were combined using the operators of the
mentioned databases. The search strategy and key terms
were as follows: (“risk analysis” OR “risk assessment”
OR “safety assessment” OR safety OR “structural safety”
OR “nonstructural safety” OR “functional safety”)
AND (hospitals OR hospital) AND (“natural disaster”
OR earthquake OR flood OR landslide OR drought OR
“cyclonic storm” OR tornado OR “tidal waves” OR
wildfire OR hurricane OR “sand storm” OR “man-made
disaster” OR fire OR explosion OR war OR “terrorist
attack” OR “biological disaster” OR “chemical disaster”
OR “nuclear disaster”). These searches were performed in
abstracts, key words, and titles. Furthermore, a reference
list of published studies was evaluated to increase the
sensitivity of this research and to select more studies.

Data collection

The papers from the initial search and the retrieved titles
were imported into EndNote software (Clarivate Analytics,
Philadelphia, PA). After removing any duplicate titles, the
remaining titles, abstracts, and the full text of the articles
were screened by the first author (5.M.M.) and the third
author (A.A.), who also reviewed the results to reduce
the potential for bias introduced by a single reviewer. The
method used to identify relevant articles for the review is
shown in Figure 1.

Study eligibility

Inclusion and exclusion criteria

On the basis of the research goals, only studies in the field
of risk analysis and safety assessment of hospitals were
selected. Articles were included for review if they met the
following criteria: (1) published in English; (2) published
until to June 2019; and (3) original articles and conference
papers. Systematic review, letter to the editor, editorials,
and articles did not attempt to investigate risk analysis
and safety assessment of hospitals was excluded from
the study.

Quality assessment, data extraction, and analysis
The quality of the included literature was assessed
independently by two reviewers (5.M.M. and M.N.)

Journal of Education and Health Promotion | Volume 10 | November 2021 3



Moradi, et al.: Risk analysis and safety assessment of hospitals

" Number of records identified a systematic search Pub |
Mead (390) Web of :cience (478) Embase (606) Scopus ‘

A~ {2036) google scholar (100)

[ 8\

| g . 7 = " R
8 Eliminated studies after

' s ' N=3630 (______ lmitng

§ | Search (n = 563) (before

\ / — [ Duplicated eliminated

) N=3067 [—» e=1517

Papers excluded
(&= 1341)

[ Papers excluded (z=88) |
(2bstract irrelevant to the
subject and type of study)

\ 7

[0\ Fultestscreening | | Papens excloded (n=96) |
f _5‘ - (e=121) (full text irrelevant to the

9 \ J
| & |

Papers entered to the (" Deleted papers after text |
" study for text 2ppraisal | appraisal
(= 125) @=9)

f Ve \\_‘. \ i
| 3| Study selected
| 3 | (@=16)
1 & |
\ / Full text article Full text article

included in search of

\/ grey literature (&= 3)

reference lists (o= 3)

p— > <—t included in search of

Included study
(a=24)

Figure 1: Flow diagram of the systematic review process

using the International Narrative Systematic Assessment
tool [Table 1].5% This tool was implemented using seven
questions (with 1 point for every item). On the checklist,
the maximum score was 7, and the minimum acceptable
score was 5. Finally, the articles that obtained scores
of 5 or above were selected and analyzed, allowing a
comprehensive assessment of the quality (classified as
high and low) [Table 2]. These results were reviewed by
the third researcher (A.A.), and any differences identified
were resolved through discussion. A data extraction form
was designed according to the study goals as follows:
author, year, study type, location, risk analysis method,
disaster type, safety assessment method, components,
and key outcomes. Data extraction was conducted by
two separate researchers (S.M.M. and M.N.) to decrease
the selection bias and increase the strength of research
methodology, and it was confirmed that no studies had
been excluded. All the extracted data were then checked

by a third reviewer (A.A.). A descriptive analysis of
the final studies was conducted, and its results were
categorized by relation to the study questions.

Results

The initial search yielded 3630 papers, of which 563 articles
before 2000, 1517 duplicate titles, and 1341 unrelated titles
were removed. The abstracts of the remaining 209 titles
were reviewed and 121 articles were selected. Finally, 16
articles were included from databases and also, 3 studies
selected through a search of the reference lists of the
retrieved articles, and 5 studies through gray literature
were added to the previous articles.

The results of this review were organized by research
question. The characteristics of each of the selected
studies are presented in Table 2.
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Table 1: International narrative systematic assessment
tool for assessing scientific methodological quality of
reviews
ltems

Response
Yes No

Background of the study clearly
explained/state of the art

Objective is clear

Description/motivation of selection
of studies

Description of the study
characteristics included is clear

Presentation of results (paragraphs,
tables, and synthesizing of data)

Conclusion is clear
Conflict of interest is stated

Which methods used for risk analysis in hospitals?
From 24 articles included in this study, 11 were dedicated
to risk analysis. Two studies were conducted using the
HAZUS method; three were carried out by the RVS
method and two by a researcher-made method. In
other studies, a study was conducted using FRAME,
SHM, CAPRA-GIS methods as well as the simple
qualitative matrix method. Each of the abovementioned
methods was performed in a specific environment
which was different economically and culturally. In
low-income countries, simple and qualitative methods
were often performed with rapid assessments, while
more developed countries often used more complex,
time consuming, and researcher-made methods which
required more analysis.

Which disasters have been considered most
relevant for risk analysis and safety assessment?
Based on the findings of this study, twenty studies
specifically focused on different types of disasters,
whereas four studies considered the conditions in general
and ignored the type of disaster. Of these twenty studies,
85% were devoted to natural disasters and studied
their effects on hospitals. Among natural disasters,
earthquakes were studied more (68%). A multi-hazard
study examined both natural and man-made hazards.
Another cascade study began with an earthquake but
continued with the man-made hazards of explosions and
fires. Among these studies, only one specifically assessed
the risks of fire in a hospital.

Which methods used to measure hospital safety?
Of the 24 articles included in this review, 14 assessed
hospital safety. The HSI method was used in most of
these studies (85%). One study used the researcher-made
method and one used the FEMA tool. Due to the low
and reasonable price of the HSI method as well as
rapid data collection process and allocation to the
hospital environment, most low-income and developing

countries make the use of this tool to determine their
safety level. According to the present study, it can be
seen that 9 out of 12 studies using HSI were conducted
in Iran, two in Serbia, and one in Mexico.

Which components have been considered in
the safety assessment and risk analysis of the
hospital?

Based on the findings of this study, 58% of the studies
examined all three structural, nonstructural, and functional
dimensions as influential elements. Three studies (12.5%)
assessed structural and nonstructural components. In other
studies, three (12.5%) specifically evaluated structural
components, three studies (12.5%) reviewed nonstructural
components, and only one (4.5%) examined functional
components. In most studies (86%), the effects of disasters
were first investigated on the structures; in fact, the
structure was considered the most important element, and
other components were studied afterward.

What are the key outcomes of risk analysis and
hospital safety assessment?

Hazard prioritization

In 39% of studies, risk analysis was emphasized to be
used to identify the prioritization of hazards which
had the potential to cause harm to hospitals; assessing
hospital safety, unsafe components can be identified and
prioritized based on their importance for the hospital
activities.

Factors affecting the hospital vulnerability to risks

In this study, six articles addressed the factors affecting
the vulnerability of hospitals to risks. Based on the
findings of these articles, building age, building type,
structural codes, type of materials used in construction,
hospital design not proportional to the type of disaster,
severity of the disaster, time of the disaster, type of
the soil on which the hospital is built, the distance from
the center of the disaster, and the construction site are the
factors that increase the incidence of damage to hospitals.

Weighing risks and their impacts on safety assessment
ithas been stated in seven studies that assessing safety is
not highly effective without taking the weight of risks into
account. Accordingly, they have emphasized that, after
identifying the risks of a region, special weight should
be assigned to each risk based on scientific assessments;
finally, it should be used in safety assessment. Thus, the
results will be more realistic and practical.

Retrofitting plans

Eleven studies (46%) have stressed the recognition of
hospital strengths and weaknesses using risk analysis
and safety assessment; it must result in fact-based
planning for retrofitting and crisis management
programs.

Journal of Education and Health Promotion | Volume 10 | November 2021 5



Moradi, et al.: Risk analysis and safety assessment of hospitals

P07

1Nk} By} WOI) 92UBISIP PUB UOIEBIO| B}
uo spuadap AljiGeIBUINA B8Y ] "YSU 1B e
wawdinbe [eoIpaw JO % |66 PUB syun

[eNdsoy 40 %6166 FeUr MOys Synsal oy

“yun [elsush e se paipnis pue PaIapISUOD

u8aq aAeY SlusUOdWOD [BINoNISuoU
puE [eIn1onJ}s Jo suonorIBul 8y} ‘Apnis
syl ul “way) Buipuessiepun ui [nydjgy
KIBA SI SYSII JO UOIINGLISIP 8Yl BAIBSCO

wswdinba |eoipay

Jaded

ybiH pue melp 0} S|H se yons sjoo} Buisn sjyun [eydsoH - ayenbyuey SNZVH EBISuopu| 82ualajuod) 8102 g /B 10 IpeAyeosny)
Apnis sy} ul Ayunoasul
10} suoseal Juenodw ale Jaisesip jo adAy
3yl yim aoueplodoe ul ubisap Jo yoe| ay}
pue Buip|ing ays jo abe ay] ‘siusuodwod uonezIueBio
uoneziueflo aAljelsIUILPE puB [euollouUNy
aAlelISIUIWPE
‘leJnjonlisuou Ul uonipuod Jood AJaA ul (uBisep
aJe sjeydsoy ||y "painseaw usaq sey [euonoun4 somaLues)
spuauodwod J1vy} Jo Alljigelaulna ayy [BJNJONIISUON  |eonjesosy)) sapew [,JEAOUBSB)-0[9AON
ybiH ‘srendsoy jo sniels Alajes ayl auiwialep o |einonns Jayoseasay ayenbyue - 02IX3N leulbuo 8102 pue UeIo|\
(weiboid yuswebeuew Aousbiaws)
sjoadse [euol}ouUN) pUB [BINONJISUOU
01 uonuayne Aed o] Aressaoau si il
‘sjusuodwod [BJnonJis Uo (8yew|o) ysu
10 adA} siy; Jo 10edwi moj 8y} 0} ang
‘uoien[eAs Ui 8jo [eliA e shAe|d sjuswinoop
UOI1ONJISUOD JO 9OUB)SIXT "SIdISesIp
s,uoibal ay} Jo Auoud ayy uo paseq aq
pINOYS JusWssasse Ajojes ‘sjuauodwod [euonoun
8y} Jo} pawnsse si Jyblom awes ay} [EINJONJISUON
ubIH ‘(erew|o) su jo adA} sy} uo Buipuadaq [einjonns ISH ayewlD - elqies [eubuo 8102 loc] 18 1O DINONUSN
wea) uswabeuew
sIsLIo e Buiziueblo Jaye ysu ul uononpal
B MOUYS S}NSal 8y] 'Saliy Ul ¥SU Je }sow
aJe saAloe [epdsoy pue ajdoad ‘synsal ssiaioe
oy} S1094je pue |eljuassa si sieldsoy ul a|doad
Mo wea) Juswabeuew sisuo e BuiziuebiQ sBuip|ing - all4 JNYY4 uel| [euilblO 6102 eldIgeH PUe |ue|sy
sjusuodwod
|euol}oUN} PUE [BINJONJISUOU O} uoluale
Aed 0y Aressaoau s 11 ‘sjusuodwod
[BINJONAS BY} U0 Way} Jo Joedw Jomoj ey} [euonoun
0] anp pue |[enba s| sivlsesIp ayewl|o ul [einjonJisuoN
ybiH sjuauodwod painseaw ay} jo yblem ay | |einjonis ISH poo|4 - BI0I9S leulbuQ 6102 el J€ 1@ olneoden]
poylaw poylaw
juswissasse juswissasse sisAjeue adfy
Ajenp sawo91no Aay sjuauodwon Aojes adAy saisesiq )SiY uonesoT QIoIyY  JBdA aweu Joyiny

salpnis papn|oul Jo sansiisloeIey) g d|qel

Journal of Education and Health Promotion | Volume 10 | November 2021



Moradi, et al.: Risk analysis and safety assessment of hospitals

P07

abewep jo Aljigeqoid ayy 108)e
ayenbyuea ay} Jo Aluanas ayy pue Buip|ing
j0 adA) sy} ‘sreusrew jo adAy ayl ‘sbuipuly
8y} 0} BuIp1020Yy ‘|endsoy ay} Jo uoneoo)|
8y} uo spuadep pue Jeajoun s| spiezey
ayenbyyues jo aouanbas ay] "sassO|
uBwINyY pue s1s09 9|9A0 al| 8ziwiuiw

pue sainjoniis Jo Alayes ayl anoidwi

ued yoeoidde ysu-inw e Buisn "sjoaye
[eJale|inW o} a|qelaunA Apueoiubis

aJe ainjonuiseljul pue sbul

[enuanyul osfe s| Buip|ing sy} jo

abe ay] uepodwi A1aA si [10s Jo adA) ay)
os|y "ybiy A1aA s| sepod [einjonils pajepino
JO 8sn a8y} 0} 8np sainjonils 0} abewep

jo Aujiqissod ay) ‘exenbypes ue Jo Juana
ay} ul ‘sbuipuly ay) 0} Buiplodoy "sjendsoy
1o} sl @enbyues Jo Juswssasse ay) 0}
paj yolym ‘paje|nofed sem Ajjigessuna

ay} Ajleul} pue pajewiss sem ainsodxa

o Aujigeqoud ayy uay) ‘passasse sem

su olwslies 8y} 184l ‘Apnis siyi uj
sjuauodwod [einjonsis

0} paje|al S| 1S9mo| 8y} pue souewlopad
0} pajejai si Alajes 1saybiy ay] ‘seuo
aleAld uey) Janaq aJe sieudsoy algnd
pue ‘sjendsoy Ausianiun ueyy uonisod
Ja19q e ul ale sjendsoy AusianiunuoN
‘abeiane mojaq pue ajelopow sem Ajajes
jendsoy ay} ‘Apnis Sy} U] JUBWUOIIAUS
Apnis ayy ul sisisesip |eo16ojoab pue
olewId Yiog o Ayjigissod e st aley |

ybiy o0} ayeIapPOW SEM 8100S
JUBWISSASSE-}|as By} dIyMm ‘sjuauoduwiod
[eJnjonJIsuUoOU 8y} Ul paalasqo sem abewep
}sow 8y ‘sjoe} 8y} 99S 0} JUBjoN|al ale
s|ejdsoH “aoualayip Jueoliubls e moys
spadxa Ag uoneneAs pue JUsWSSasse-}|os
Mo ISH Jo uosiedwod a8y} Jo synsal ay

ubiH

ubiH

ubiH

(e41} ‘uoisojdxa
‘oxenbyues)
spiezey

|eJnjoniis - apeose)

[einjonis - axyenbyues

Jeuonoun4
[ednjonJisuoN
Jeanjonis ISH

slaisesip
JednyeN

Jeuonoun
[ednjonJisuoN

Jeanjonis ISH ayenbyueg

apew
Jayoleasay

SI9-vddvO

vsn reuibuo

Jaded
niad @oualajuo)

uel)| leulbuQ

0OIX3IN leuibuQ

/L10¢ lov] /€ }© OOSeIe|

L1102 [eer/B 19 ZNID-BIUES

810c 1gs)/€ #8 UNOJRYH

8102 /e Jo BBoA-ZNID

jusuissasse

Aujenp sawo91no Aay

poylaw
juswissasse
Aojesg

sjusuodwo) adA} Ja)sesiqg

poyiaw
sisAjeue
ysid

adfy

uoneso oIy

Jeap aweu Joyny

""pIuoY :g ajqel

Journal of Education and Health Promotion | Volume 10 | November 2021



Moradi, et al.: Risk analysis and safety assessment of hospitals

P07

‘sjuauodwod [einjonJisuou

0} paje|al sI |aA9)] 1saybiy ayy pue
sjuauodwod [euonouny o} pajejal si Aloyes
1O |9AB] 1SBMO| 8] "Bjes Se PaljISSEelo Jjou
sem |endsoy ay | "patedwod alam synsal
9] pue JUBWISSASSE-}|aS B SB G|0g pue
2102 Ul 82IM} pa}oNpuod sem Apnis ayl
2100s

uonen|eAs ue uo paseq aq pinoys weliboid
Bunyosral Auy "anisuodsal pue aAljoe
[endsoy ayy buidesy ui 8|0 [eyA e sAe|d
Sjuauodwod [euol}ouUN} PUE [BIN}oNJISUoU
0] uonuane Buiked "sjendsoy jo Alajes ayy
MO  @inseauw 0} pash uaag sey xapul [SH dyL
slebeuew Joj Buipuelsiapun

Ja)19q e apinoid UBD XSl JO uoienofed

|eouBWNN “sjuauodwod [einoniisuou

U0 SJUBWAAOW [BINJONJIS JO 10848 8y}

aulwlalep ued poylaw syl ‘sjusuodwod
[eanjonJisuou pue [einjoniis Jo Alajes ayy

MO JO JUBWISSOSSE djoWal Sd|qeud 4HS, Ul
sieudsoy

se yons sbuipjing juepodwi o} 8sde|joo

jo Ajjigissod e si 818y}l uaym Alessaodsu
aJe suoleneAs jJusuodwod ayeindoe

aIo\ "paubisep aq ueod SJUBWISSISSE
A1s09 pue ajeindoe alow ‘Alessadsu

Jl ‘pue pawiopad 8g UBD SUBISSISSE
ysu pides ‘poyiew SAH ayi Buisn
uonuaye

alow uaAlb aq pjnoys sjuauodwod
[euol}oUN} PUE [BINJONJISUON "JUSWSSOSSE
Aeyes ay} ul sjusuodwod ayy jo 1ybiem
QY] aulwIdlep pnoys Jalsesip jo adAy ay
saniARoe [eydsoy

JO uonenunuod ay} 1dnisip ued sjusuodwod
|eanjonsisuou o0} Burjosibau ‘ianoalop
‘deayo Aian s1 Buniijonal Jisyl ‘puey Jaylo
8y} uo pue ‘anisuadxe pue |eydeo aie
way} o Auew asneoaq ‘uonuale aiow
salinbai pue sjusuodwod [einjonils se
juepodwi se si sjuauodwod [einloniisuou
jo Bumouial ‘sease auoid-axenbypes u|

ubiH

ubIH

ubIH

ubIH

[euonouny
[einjoniisuoN
eanionis ISH

[euonouny
[einjoniisuoN
ednionis ISH

[einjoniisuoN
[einjonis -

[ednjonJisuoN
[ednjonis -

[euonouny
[enjonJsuoN
[eanjonss ISH

[einjoniisuoN ISH

sielsesip

[einjeN -

sieises|p
[einjeN -

ayenbypes NHS

oenbyues SAH

sielsesip
[einjeN -

uel| leubuo 9102 /€ }o ueleply

uel| euiBUO 9102 /B 19 Yapezjesy

Jaded

Arey  eousiBuo) /102 1] 18 oJebien

Jaded

BISBUOPU| ©2UBIBIU0D /102 218 18 ojuefieH

uel| [eubuo 2102 118 18 P3JIBJUON

uey| euUBUO LL0Z  cu/E 10 Wwepeybon

juswissasse

Aujenp sawo91no Ad)

poylaw
jusuissoasse

sjuauodwo) Aajes

poyiew
sisAjeue

adA} Jessesiq ysiy

adAy

uoneoso] a|oIYy  Jea aweu Joyiny

""pIuoy :g alqel

Journal of Education and Health Promotion | Volume 10 | November 2021



Moradi, et al.: Risk analysis and safety assessment of hospitals

P07

‘SjuaWwa|d [elnjodydle pue abelols [any

‘walsAs Addns Jerem ‘weisAs Jamod :aie
swa|qoid [einjoniisuou Jolepy exyenbyues

obue) e jsuiebe aAjoe aq ueod sjeydsoy

oM} Ajuo pue [euonelado ale sjeyldsoy e
‘axenbyues ajelepow ayy Jaye ‘sbuipuly

ayy 01 Buipioooy “exenbyues able| pue

wnipaw O SOLBUBIS OM] JO J08}4d dy}

ybiH Buluiwieiap Ag pawiopad sem Apnis siy L
2100s Ajojes ay}

2)e|nojed 0] pasn pue paybiem aq pjnoys

uolfial 8y} Ul slelsesip ‘Juswainseaw

9]eINJ0E 8I0W 10 }NSal S|y} 10} UOSEdl B

a0 ued Juawdo[daAap JO [9A8] BY "UOIIPUOD

Aayes ybiy ui ase sjeudsoy ysipams

pue uonIpuod Ajoes ajelopow Ul ale

s|ejdsoy ueluel| Jeys PeMoYs SaLuNoo

om} 8y} Jo uosiedwod ay] ‘pasedwod

9J9M UBpamg pue uel| ul sjendsoy jo

ybiH sjusuodwod [einjoniisuou ‘sjoo} [SH Buisn
pJezey [euoibai o0ads ay) uo paseq

pasn ag p|noys sapod Buip|ing jualayia
‘uoNoNJISU09 Jo adAy ay) sulwlelep pINoYs

eale oy} Ul spiezey jo adA} ay] “eale oy}

ul spsezey Jo adA} ay} Jo swua) ul Juepodwi

Aian si jeudsoy ayy Jo uoneodo| ay |

‘ainsodxa pue |93 s ‘(jeuoneziuebio

pue |einjonJisuou ‘[einionuis) Ayjigessuina

ybiH Buireinojeo Aq passasse si ysu JIWSIeS
weiboud aousljisal

pue Ajojes ay) sulwlelep pinoys Alejes

10 |9A3] 8Y} pue sysu Jo adA} ay “sysu

wepodwi 1sow 8y} uo paseq pue |euoibal

ybiH aq p|NoYs salpn)s Juswssasse Alojes
sieudsoy

|le ul ssausieam e sem Bujuue|d Jaisesiq
*SUOIHPUOD [BUONOUN) Ul UOIPUOD poob ul

alam s[endsoy ayi jo jiey Ajuo ‘sbuipuly ayy

0} BuIp1020Y “|00} [SH @y} Buisn passasse

MOT  Udaq sey s|ejdsoy jo Alajes [euonouny ayl
Ayeyes Buunsesw

Ul 9A1}09}40 aJe eaJe Apnis a8y} Jo SHSU Y}

Wbiam Jo yoeT "Apnis ay} Jo SSauNEam e

S PaloapISU0d 8 UBD JUBWSSSSSE-J|9S

|eJnionJiSuoN

[ednjonJisuoN

[euoneziuebiQ
[ednjonisuoN
[ednjonig

[euonouny
[enjonJsuoN
[einonis

[euonouny

VIN3H

ISH

ISH

ISH

ayenbyueg -

oxenbyues SAY

|edaN

uel|
uspams

Arey

uel|

uel|

reubuo 102

[eubuo

[eulbuo

[eulbuo

[eulbuo

710¢

Gl0c

9102

910¢

lev1 /€ 38 1IXIQ

w1/ 18 1efelg

wy1]B 38 Buollad

erISeqQy pue
19eqereqe ] -inodijiN

lsv/8 18 IpEWYY

Jjuswissasse
Anjenp sawo91no Aad)

sjuauodwo)

poylaw
juawissasse
Aajes

poylaw
sisAjeue
adA} Jassesiq ysiy

uoneso

adAy
sy

Jea)

aweu Joyiny

""pIuoy :g alqel

Journal of Education and Health Promotion | Volume 10 | November 2021



Moradi, et al.: Risk analysis and safety assessment of hospitals

asde|j0o

|endsoy Jo ¥su 8y} asealoul Jey} si0joe}

aJe sapoo Buip|ing [einjonais pue adAy

‘obe ay] ‘senuoud Buiies 1o} [enuasse

S| pue s[eldsoy ysu-1e }sow ay} Jo

ybiH  uoneoyuap! By} O} pes| ued sishjeue ysiy
Ajeresedas auop aqg pjnoys Bunjolial

0S ‘Sa0Ipul AJIIgBISUINA [BINJONIISUOU pue
|eanjoniis usamiaq diysuone|al 10alip ou

sl @Jay] "Juepodwi aiow aJe sanljioe} pue
swdinba ‘sjusuodwod jeinjoniisuou

U] "slojoej} [elA alte Buipjing ay} jo abe

ay} se |jam se Buip|ing jo adA) ayy

‘sjuauoduwiod [BINONJIS Ul Sl e Juswa|e

ybiH ue se uepodwi Aian si Ajjigessuinp
lendsoy ayy jo Ayoeded

ay} aseasoul pue Bumjonal ueld o) pasn

g ueod Apnis 8y} Jo s}nsaJ 8y "SUOlIpPUOd

ajesun u| ase spag pue sjendsoy Jo %0e

‘fendsoy ayy jo Aoualioie ayy ul 8|04

yuepodwi ue sAejd awiy Jusploul 8y

‘ybiy si ease Apnjs ayy ul eyenbypes ue

ybiH o Aujgeqoud ay) ‘synsal ayy 0} Buipiodoy
Buiuueld Aousbiawse ul sjgesauina

1SOW 8y} SeM } ‘UoISUBWIP [euonouny ay}

u| 'suauodwod [einjoalydIe 0} palelal S|
AJjIgeIauINA Jsow 8y} pue ajelapow ale
sjuauodwod [einjonJisuoN “si 1saybiy ayy

pey sjusuodwod jeinjoniis ‘sbuipuly 8y} 0}
Buip1000Yy “eale 8y} Jo SHSU 8y} Uo paseq

HIng 8q p|noys s[eldsoH "palapisuod

aJe Sysl Jo apnjubew pue ad0uaLINd0

ubiH jo Aujgeqoud sy ‘sisAjeue ysu o
palapisuod aq ueo Alajes Buinosdwi

0} yoeo.idde |enpelb e ‘sajwouods wnipaw

pue Yeam YlIM SaLIIUN0D U| "9AI}08)}0 1S0D

aq [|IM Juswiadlojulal Jidy} ‘sjusuodwod
Jeanjonsisuou jo aoud ybiy ayy 0} ang

[einjonis -

[eanjonsSuUoN
[ednjoning -

[euoneziuebliQ
[einjonJiSUoN
[einjonis -

[euonouny
[einjoniisuoN
eanionis ISH

ayenbyue]

ayenbyue]

ayenbyue]

plezey nin

SNZVH

SAd

apew

Jayoleasay

(xuyew
ajdwis)
aAlelend

Jaded

VSN 9duaisiuoy  010¢

elpu| pue
eolaWy
[enuan

Arey

uel|

Jaded

20UBIBUOD) 0102

euibuo 2102

euibuo 102

[es10q07] PUE SE)O |

ze/B J8 Bue

(,510ISEB| PUE NEIUIN

10l /B 10 mbueyer

jusuissasse

Aujenp sawoo1no Aay

poyaw
jusuissasse

sjuauodwo) Aojes

adA} Jalsesiqa

poylaw
sisAjeue
ysiy

uoeson

adfy

SOy  JeaA

aweu Joyiny

""pIoy :g alqel

Journal of Education and Health Promotion | Volume 10 | November 2021

10



Moradi, et al.: Risk analysis and safety assessment of hospitals

Determining hospital construction codes

it has been highlighted in four studies that determining
hospital construction codes for each region should be
unique and based on risk analysis and safety assessment
data. Accordingly, after risk analyze and determining
the most harmful hazards in the area, their effects on
hospital components should be measured, and finally
appropriate construction codes and standards must be
designed for each specific area.

Development level and its effect on hospital safety and
retrofitting

According to two studies, development level has a
significant impact on safety and retrofitting. Based on their
findings, developing countries have more difficulties in
dealing with risks as well as improving their safety. Risk
analysis and accurate and quantitative safety assessment
are fairly unlikely in these countries, and simple and
qualitative methods are often used in these areas.

Self-assessment effects

Findings of two studies have revealed that self-assessment
is a disadvantage for risk analysis and safety assessment
programs because they may ignore or underestimate
some key factors in order to exaggerate the good
conditions of the assessed hospital.

Discussion

The occurrence of incidents and disasters, whether
natural or man-made, can lead to a lot of damage to
infrastructure which is naturally very expensive and
necessary for the activities of a society. In addition,
disasters affect human health directly and indirectly
and place additional burdens on the society. Under
such circumstances, the first demand of people is health,
and governments are obliged to provide people with
health tools.’ Hospitals, as the most comprehensive
centers which provide services for patients and have
specialized but expensive equipment, play a vital role
in providing services and responding to emergencies. If
hospitals are vulnerable to different kinds of incidents
and disasters due to various reasons, they will be
unavailable and will not be able to provide services
for patients and people affected by disasters; therefore,
societies will be harmed more. Accordingly, hospital
risk analysis and safety assessment programs have a
prominent role in identifying strengths and weaknesses
and thus in improving weak points.'™ According to
the research aims and questions, our discussion of this
study can be categorized as follows: (1) risk analysis
methods, (2) disaster Type, (3) hospital safety assessment
methods (4) hospital components, and (5) key outcomes.

Risk analysis methods
Numerous methods have been developed for risk
analysis in hospitals. Some are very expensive and

time consuming, while others are fast and inexpensive.
Selecting risk analysis method depends on several
factors, some of which will be mentioned below. The
history of disasters is one of the most significant factors
in choosing the method. Areas with complex disasters
which have enormous impact on the community
having different levels of vulnerability need more
accurate and comprehensive analysis so as to be able
to precisely estimate the probability of an incident
and be prepared for it. In a study by Jahangiri et al.,
it was exactly pointed out that risk analysis studies
are absolutely necessary due to the high occurrence of
various disasters in Iran and their impacts on health and
treatment spaces.” Kuscahyadi et al. also emphasized
in their study that in places with high incidence of
disasters whose occurrence affects the performance of
hospitals, it would be reasonable to conduct risk analysis
studies.””) Developed societies naturally have more
disaster-resistant infrastructures. In developed societies,
risk analysis is often examined before the construction of
any type of space; accordingly, structures are designed
proportional to the existing hazards. Developing
countries, however, strive to achieve development
indicators, but most of their resources are spent on
livelihoods and are unlikely to achieve long-term and
costly goals. Such countries are extremely vulnerable
to disasters and lose most of their infrastructures in the
case of a disaster. Because of the existing limitations,
risk analysis is not studied in these countries and most
of critical and vital facilities are built in hazardous areas.
Ardalan et al. examined the Bam earthquake (occurred
in Iran) which killed about half of the people and
entirely demolished all the infrastructures. Therefore,
developing countries are said to have different abilities
to choose the type of risk analysis programs compared
to the developed countries.”? Another essential factor
that affects the choice of method is the income level.
Obviously, the development level influences the income
level; developed countries have much more financial
resources than developing countries and can use
more expensive and more accurate projects to analyze
the risks. This is obviously apparent at micro levels.
Higher-income organizations and institutions seek to
precisely identify the risks which threaten them so that
they can be prepared in a timely manner and avoid the
consequences of disasters. In their study, Djalali et al.
compared Sweden and Iran concerning risk analysis
methods and showed that the development level, and
consequently, the income level of these two countries
were very crucial in choosing the risk analysis method.*!
Skilled and specialized manpower is another vital factor
in choosing the risk analysis method. Skillful workforce
with sufficient technical knowledge can lead to more
accurate analysis with their results being more reliable.
Based on the findings of this study, methods such as
RVS and simple risk analysis matrix are said to be cheap
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and quickly applicable and therefore can be used when
resources are limited. On the other hand, more exact
methods such as HAZUS or researcher-made methods
which combine several different methods are more
expensive and time consuming, so they require more
financial and human resources. Haryanto et al. have
pointed out in their study that, when there is a need for
immediate assessment, but there is insufficient expert
workforce, simpler methods must be used to analyze
the risks because any kind of planning fails without risk
analysis.*]

Disaster type

According to the findings of the study, 84% of the
studies are devoted to natural disasters, with more
studies being allocated to the earthquake (68%). More
attention to natural disasters is justifiable due to several
reasons. First, natural disasters are often unpredictable.
Disasters of geological origin are less predictable than
meteorological disasters, and therefore most efforts
have been made to analyze the risks of geological
hazards including earthquakes. The severity of the
occurrence is the second reason why natural hazards
must be taken into consideration. Even if the disaster
is predicted, estimating its severity is very difficult and
even impossible in some cases. An area may be located
on a fault with high seismic potential, but it is virtually
impossible to predict how strong an earthquake will be.
The extent to which risks affect the society is also a very
important factor in paying more attention to natural
hazards. An earthquake, if occurs severely, is a disaster
that can disrupt the society and cause the destruction
of vital infrastructure as well as manpower. In this case,
even the strongest structures may be at risk and may
not be able to provide services due to damage to any of
the structural, nonstructural, or functional components.
Floods, on a large scale, have also a great impact on
society and can, like an earthquake, disrupt the provision
of services for the affected population. According to the
findings of the studies, most recurring and destructive
disasters are of higher priority in each region. Therefore,
in order to conduct risk analysis studies in any region,
the dominant risks must be identified, and the details
of risk analysis should then be designed. In their study,
Perrone et al. have emphasized that, since geological
events especially earthquakes occur abruptly and
can cause severe damage, priority must be given to
this type of disaster.*”l Moreover, the multi-hazard
approach should be taken into consideration in risk
analysis studies. Each area may be affected by several
hazards at the same time, and paying attention to them
simultaneously can result in better understanding and
consequently, more precise preparation plans. Paying
special attention to only one type of hazard may lead
to neglecting other hazards, and if they occur, society
will seriously suffer damage. In addition, the cascade

occurrence of disasters should not be overlooked. After
the severe natural disasters occur, secondary disasters,
whether natural or manmade, may happen; therefore,
they need attention. A fire or an explosion may occur
after an earthquake due to improper retrofitting or high
intensity of the incident, and this leads to more injuries.
In addition, owing to damage to infrastructure and the
impossibility of providing health and treatment services,
the spread of infectious diseases is very likely. Therefore,
comprehensive and multi-hazard approaches are said to
provide more accurate results. In their study, Jahangiri
et al. have emphasized that multi-hazard approaches can
provide decision makers with a deeper understanding
as few areas may be found in the history that have been
threatened by only a certain type of disaster.*"l Marasco
et al. have pointed out that attention to cascading
hazards can lead to accurate preparedness plan against
disasters."!

Hospital safety assessment methods

According to the results of the study, 84% of the studies
examining the safety of hospitals have used the HSI tool.
Developed by the WHO, this tool is reliable, inexpensive,
and quick; according to its items, weaknesses and unsafe
hospital modules can be identified quickly, and measures
can be taken to strengthen them. The great advantage
of this tool is that it is allocated to the hospital, and all
its items are designed based on the items available in
the hospital. Since it is inexpensive, most developing
countries use it because it does not require many experts
and thus no accurate statistical analyses which need a lot
of time and money. According to the findings, countries
such as Iran, Serbia, and Mexico apply this tool more
than others. When resources exist, accurate quantitative
methods are apparently preferred; however, the WHO
has designed this tool in order to coordinate measures
and to determine the hospital safety index in all countries
of the world. Ardalan et al. stated in their study that
tools such as HSI which are dedicated to hospital safety
assessment are highly effective for rapid assessments as
well as for countries which do not have high financial
capacity to use more precise and specialized tools."!
Jahangiri et al. also emphasized that there are different
methods for assessment the safety of hospitals, but they
are not applicable to all communities and countries.
Communities are different in level of development and
level of income as well as manpower. Therefore, all
countries cannot use expensive and time-consuming
methods.™

Hospital components

Every hospital consists of three structural, nonstructural,
and functional components. As stated in the research
findings, more than half of the studies (56%) examined
all three structural, nonstructural, and functional
components. Most studies (86%) first examined the
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effect of disasters on the structure and then on other
components. Interaction between the components
is so prominent. None of the components is able to
operate independently of others, and damage to any
of the components can lead to disruption of the entire
system. Another key point is the role of the structure in
the whole system. If the structure is severely damaged
and demolished, many people are killed or injured,
nonstructural components, facilities, and devices
are devastated, and as a result, the hospital loses its
efficiency. According to the WHO/Pan American Health
Organization, when geological disasters are a priority in
a region and when the risk of their occurrence is high,
variable weight should be used to measure the safety
of components, and 50% of the total weight should be
allocated to structural components, 30% to nonstructural
components, and 20% to functional components.
Accordingly, the importance of structural components
can be understood in geological hazards.® Moreover,
it is recommended that the same weight be considered
for all components in climatic hazards because structures
are less likely to be damaged and to collapse in this
type of disasters. Based on all cases mentioned above,
examining only one of the components is not very
logical, and all components of a complex system such as
a hospital should be studied with their interactions being
measured. In their study, Lapcevi¢ et al. have stressed
that hospital components should be investigated together
because these components interact with each other and
a malfunction of one may disrupt the whole system.!
Nenkovié¢-Rizni¢ et al. have stated that due to the low
impact of climatic disasters on hospital structures, more
attention must be paid to nonstructural and functional
components while studying these types of disasters and
their effects on health facilities.” Moran-Rodriguez and
Novelo-Casanova have pointed out in their research
that having a single structure resistant to various types
of disasters is not enough, and in the case of damage to
nonstructural and functional components, the hospital
fails to operate; therefore, all components must be taken
into huge consideration.™

Key outcomes

Prioritization of risks is one of the key results obtained
from the studies. No countries, whether developed
or developing, have enough resources to address all
kinds of risks. Therefore, when resources are limited,
it is necessary to identify the most important types
of risks, to recognize their priorities by conducting
more detailed risk analysis studies and to allocate the
necessary resources for them. Prioritization can also
attract managers’ attentions because risk may not be
significant to them, but its importance will become clear
after conducting risk analysis studies. Managers, as
beneficiaries and decision makers, have a vital role in
managing risks and responding to disasters; therefore,

attracting their attention can remove many barriers. In a
study by Tokas and Lobo, prioritization is one of the goals
of risk analysis and safety assessment studies. Owing
to the restricted resources, retrofitting all components
against all types of disasters is impractical.*® There are
other key factors affecting the vulnerability of hospitals
to risks. These factors include building age, building type,
structural codes, type of materials used in construction,
hospital design not proportional to the type of disaster,
severity of the disaster, time of the disaster, type of
the soil on which the hospital is built, and the distance
from the center of the disaster and the construction site.
What is important is that not all factors are required to
cause vulnerability; sometimes, just one or some cases
can seriously damage the hospital. For example, design
which is not proportional to the type of disaster is one of
the vital destructive factors. Suppose a hospital is built
with structural codes against floods, while earthquake
risk is a priority in the region. In these circumstances, an
earthquake will surely destroy the hospital because this
building is not designed to deal with the earthquake.
Santa-Cruz et al. have stated in their study that, in addition
to risk analysis, identifying factors influencing hospital
vulnerability is critical to resilience planning. No accurate
and effective program may be implemented without
knowing the aggravating factors.*! In their study, Tokas
and Lobo have stressed that factors such as building age,
material used in the construction, and structural codes
affect hospital vulnerability, so they must be carefully
identified and examined.’™ Another key point of the
present study is disaster weighting and its impact on
calculations. A disaster may be highly recurrent in a
particular area but have little potential for system collapse
or cause minor damage. On the other hand, it might be
a potential hazard which may occur and cause serious
damage to the system. Therefore, the weight of each
hazard in the whole system must be taken into account
in calculations and analyses. Retrofit planning is another
key and vital point. In fact, all activities done for safety
assessment and risk analysis are a basis for planning.
Planning based on risk measurement and prioritization
as well as safety assessment and strength and weakness
identification can certainly reduce problems to a large
extent. For example, in an area where the earthquake
is considered the first hazard, and a hospital structure
is considered unsafe in a safety assessment, planning
for retrofitting or other structural strategies is a priority
because in the case of nonstructural reinforcement, the
unsafe structure will collapse, and consequently the
structure and all the expenses spent for it will be lost.
Lapcevic et al. have shown in their study that the seismic
risk is low while the climatic hazards and floods are
prevalent in a country like Serbia. Thus, more weight
should be allocated to climatic hazards while analyzing
risks and assessing possibilities so as to obtain logical
analyses and reliable results.®*! Another key point is to
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determine hospital construction codes. Making use of
a predesigned plan which is similar for all regions of a
country is not rational. The design of construction codes
should be based on risk analysis and on the hazard type
as well as the severity of its effects. A country may be
threatened by floods and hurricanes in the geographical
region A and by earthquakes and geological activities
in the region B. In this case, codes and standards
designed for the region A cannot be used for the region
B. Moreover, using the same structural codes is not cost
effective. An area which is not threatened by earthquakes
does not require advanced and very expensive retrofitting
because it can be a waste of resources. A study by Perrone
et al. has revealed that the hospital construction site is
very prominent concerning the hazard type. The hazard
type should determine the construction type. Different
construction codes must be used according to specific
regional hazards."”! The development level is another
key factor determining the resources available for risk
analysis and safety assessment studies as well as for
poststudy plans. In developing countries, resources are
practically spent on the country’s expenditures, and
development investments are insignificant; therefore,
simple risk analysis and safety assessment methods,
which are usually less accurate than complex ones,
are mostly used in these countries. In addition, when
weaknesses are identified, not many resources are
available to retrofitting and standardize them, and
consequently simple and inexpensive methods are
applied. On the other hand, developed countries can carry
out more detailed studies, and as a result, prepare more
detailed plans for retrofitting due to abundant resources.
In their study conducted in Iran and Sweden, Djalali et al.
have pointed out that, in developed countries, in addition
to more accurate risk analysis studies, better retrofitting
programs can be implemented because government’s
revenues are more than its expenses; thus, the society is
able to invest in retrofitting.**! Finally, the last key point
is the impact of self-assessment on safety assessment and
risk analysis results. Self-assessment is the weakness of
safety assessment and risk analysis programs because
people either are unwilling to be aware of their weak
points or consider them trivial since they have been
faced with them a lot. Therefore, many cases may be
underestimated or even ignored in self-assessment. To
solve this problem, team evaluations in which hospital
members are also part of the evaluation team can be
used, and the results must be discussed. Ardalan et al.
have emphasized that self-assessment is the weakness of
safety assessment programs in a country like Iran, and
that the results may not be reliable in the absence of the
specialized teams.!”!

Limitations
This study conducted to investigate risk analysis and
safety assessment of hospitals against disasters has

several important limitations: (1) the studies included
for review were published in the English language,
meaning that potentially relevant research published
in other languages was excluded. (2) We did not have
access to some databases such as CINAHL. (3) Selecting
articles for a systematic review involves at least some
reviewer bias, as judgment is involved in screening
and selection. We attempted to mitigate the effects of
this bias by involving multiple reviewers, both for the
selection and for the subsequent analyses. (4) In the
course of conducting this study, we combined studies
with different methods. Therefore, generalization of
the results should be considered with caution.

Conclusion

Hospitals and health centers are the most important
infrastructure of any society which addresses incidents
and disasters. Disasters are a threat to peoples’ lives and
properties, and therefore hospitals must be available at
the time of the incident and be able to meet the needs of
the affected communities. The occurrence and thus the
consequences of disasters can never be decreased to zero
because the occurrence as well as the severity of many
natural and even man-made disasters is unpredictable,
but it is possible to identify strengths and weaknesses,
implement retrofitting programs proportional to hazard
type and safety conditions, and thus minimizing the risk
level by conducting risk analysis studies, understanding
the risks, and assessing the safety of the hospital. The
important point is that there is no single solution for
all societies concerning disasters and dealing with or
responding to them because societies and countries are
very different in terms of geographical location, political,
social, economic, and cultural status. However, this does
not mean that communities stop their activities. According
to their internal and external conditions and their existing
resources, countries should conduct risk analysis studies
for their vital infrastructure and prepare themselves
for different scenarios so as to avoid serious damage
to peoples’ lives and properties in the case of disasters.
Most developing countries are located in high-risk areas
which impose heavy losses on them annually, so investing
in risk analysis and taking actions proportional to the
hazard type can be very efficient in future. In addition
to having very expensive equipment, facilities such as
hospitals have skilled manpower whose absence at the
time of disasters will have devastating effects. Based on the
cases mentioned in this article, it can be stated that paying
special attention to hospitals, conducting risk analysis
studies and assessing safety are crucial activities which, if
not taken into account, can result in irreparable damage.
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