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Introduction
Globally, disasters are increasing with more devastating conse-
quences than before.1,2 Disasters are categorized into two 
types: man-made and natural. While literature on natural dis-
asters is abundant, this review will focus on man-made disas-
ters.3 Chemical, Biological, Radiological, or Nuclear and 
Explosive (CBRNe) threats represent man-made incidents, 
accounting for an average of 35% of all community disasters.4 
Although CBRNe disasters have been reported for many years 
in emergency event databases, they receive less attention from 
the scientific community. Whether deliberate or accidental, 
these disasters can have harmful effects on communities.5

The deliberate type involves weaponized materials that can 
be delivered using various methods, including improvised 
explosive materials (IEDs), artillery shells, or bombs. Accidental 
disasters, on the other hand, involve non-weaponized CBRNe 
incidents, such as the release of hazardous industrial materials 
and substances that pose ecological dangers to living organ-
isms.6 Accidental disasters can also include foodborne patho-
gen and may be linked to the re-emergence of highly contagious 
diseases.7-9

Throughout history, many CBRNe disasters, both deliber-
ate and accidental, have killed numerous people and posed 
global threats. Examples include the Fukushima and Chernobyl 
radiological incidents, the Seveso chemical incident, the 
planned release of sarin gas in Japan, and biological events such 
as the 2001 anthrax attacks in the United States.10,11 The num-
ber of casualties from CBRNe disasters can range from a few 

individuals to entire populations.12 The harm inflicted on casu-
alties can be complex and multifaceted, including etiological, 
chemical, mechanical, thermal, or radioactive effects.13 The 
burden is further intensified when decontamination—removal 
of contaminating agents—must take place near or even within 
hospital grounds.14 As a result, responding effectively and effi-
ciently to these events has become a critical public health issu.12

The impact caused by CBRNe incidents has disaster poten-
tial, making preparedness essential, particularly for healthcare 
systems.15 Disaster preparedness involves planning protective 
actions that will occur immediately before, during, and after 
any type of incident, including CBRNe disasters.9 Both hospi-
tal preparedness and staff readiness are necessary to effectively 
manage major emergencies and disasters, including CBRNe 
events.16 During such disasters, hospital staff will have an 
expanded role that exceeds the standard of care.17 To be prop-
erly prepared, they must have sufficient knowledge and skills to 
minimize the impact and mitigate the negative consequences 
of these disasters.18

Hospital staff are critical responders who identify and initi-
ate action against potential or actual CBRNe threats, especially 
those working in emergency departments (EDs).19 All CBRNe 
casualties exhibiting symptoms should be seen by physicians 
capable of diagnosing and managing them.7 In terms of decon-
tamination, hospital staff must be trained to use the necessary 
equipment, including proper use of Personal Protective 
Equipment (PPE).20 Nurses, as the largest professional group 
in the healthcare sector, play a crucial role in managing 
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casualties and must therefore be skilled in providing care for 
the affected individuals and families.21 A high degree of skill 
and dexterity is required to perform lifesaving medical inter-
ventions, even before decontamination, meaning these actions 
must be carried out while wearing PPE.22

Several studies have highlighted the need for specific prepa-
ration for CBRNe disasters.5,23-25 A scoping review conducted 
by Skryabina et al,16 analyzed published studies that described 
how regular exercises improve staff preparedness, including 
those related to disasters. It was reported that fewer publica-
tions focused on training hospital staff for chemical and radio-
logical events, while many papers discussed training for 
biothreats. Additionally, the review identified the need for 
more incident-specific training and continuing education, par-
ticularly in areas such as response protocols, triage, and decon-
tamination procedures.16 Furthermore, a 2019 Delphi study 
classified effective measures for radiation or nuclear incidents 
in hospital emergency departments, categorizing them under 
staff, equipment, and system preparedness.5 The purpose of 
this systematic review was to examine hospital-based prepared-
ness measures for CBRNe incidents. The findings can help 
hospital administrators and policymakers enhance their hospi-
tals’ readiness for responding to CBRNe disasters.

Methods
Design

This systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. PRISMA serves as a tool for 
screening and extracting information from relevant scientific 
studies in systematic reviews. The registration number for this 
review in PROSPERO is CRD42024585258.

Inclusion and exclusion criteria

The studies included in this systematic search were obtained by 
following the steps proposed by Tawfiq and his colleagues for 
conducting systematic reviews incidents.26 Additionally, the 
Population, Intervention, Comparison, and Outcome (PICO) 
tool was used to formulate a clear research question for this 
quantitative study. However, since this study was conducted 
without a comparison group (C), only P (Population), I 
(Intervention), and O (Outcome) were used to develop the 
research questions aimed at identifying effective factors in hos-
pital-based preparedness for CBRNe incidents.26 (1) The pop-
ulation considered in this review included healthcare facilities, 
hospitals, and emergency departments. (2) For the interven-
tion, terms such as CBRN Disaster, CBRN Emergency, CBRN 
Accident, CBRN Incident, chemical incidents, radiological 
and nuclear incidents, biological incidents, CBRN, CBRNe, or 
CRN were included. (3) For the outcome, all literature address-
ing Readiness or Preparedness was considered.

The inclusion criteria for studies in this review were based 
on the study population, date, and study design. Articles were 
considered if their aim was to investigate factors required for 
hospital-based preparedness for CBRNe incidents or if they 
addressed the formulated research question. Studies were 
excluded if they were not in English, not full-text, focused on 
CBRNe preparedness in a prehospital setting, or were review 
articles, including systematic and scoping reviews.

Search strategy and studies selection

To identify relevant studies, a systematic search was conducted 
in English-language, peer-reviewed articles published from 
January 2010 to December 2023, aiming to address the research 
purpose of this study. Titles and abstracts were searched in 
databases using keywords including “hospital” OR “emergency 
department,” “CBRN Disaster” OR “CBRN Emergency” OR 
“CBRN Accident” OR “CBRN Incident” OR “chemical inci-
dents” OR “radiological and nuclear incidents” OR “biological 
incidents” OR CBRN OR CBRNe OR CRN AND 
Preparedness. Boolean operators (AND, OR) were used sepa-
rately or in combination with other keywords to refine the 
search results, allowing for the expansion, blending, or exclu-
sion of particular terms to filter the findings effectively.

The titles of studies that fit the inclusion and exclusion cri-
teria were initially reviewed. Studies relevant to the research 
question were then selected for further screening based on their 
abstracts. Next, the full text of the eligible studies was assessed 
for more in-depth screening. Finally, studies that focused on 
hospital-based preparedness for CBRNe disasters were 
selected. Initially, 2191 articles were retrieved from various 
databases, with 239 from PubMed, 177 from Science Direct, 
45 from EBSCO, and 1730 from Google Scholar. A complete 
list of references from all papers was prepared in the next step. 
The titles were reviewed by the researchers, and papers unre-
lated to the study’s purpose were eliminated. All search proce-
dures were repeated to increase confidence in the results. 
Reference management was conducted using EndNote 21.

Data extraction

The necessary data from the retrieved papers was extracted 
into an annotated table on Microsoft Word. This table cap-
tured the study title, author(s), countries, study design, study 
sample, and findings, as outlined in Table 1.

Risk of bias

This systematic review addressed study bias using a multidi-
mensional approach. We adapted the ROBINS-I instrument 
to account for the specific characteristics of non-randomized 
emergency preparedness studies, ensuring the reliability and 
validity of the included studies.43 Confounding variables, 
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participant selection, intervention classification, variations 
from intended interventions, missing data, outcome assess-
ment, and reported result were evaluated. Two researchers 
independently reviewed each study to minimize subjectivity, 
with a third reviewer resolving disputes or reaching consensus. 
Detailed results were documented in a “risk of bias” table. This 
methodological framework enabled a thorough examination of 
the research, identifying potential biases that could influence 
the conclusion regarding hospital preparedness for CBRNE 
emergency.

The tables also provide comprehensive evaluations of the 
methodological quality of the studies included in this system-
atic review, as measured by the risk of bias assessment results. 
Each study was evaluated based on predetermined criteria, 
including attrition bias, reporting bias, detection bias, perfor-
mance bias, and selection bias. The tables highlight varying 
degrees of bias, with some studies showing a low risk in most 
domains, while others exhibited a high or unclear risk in cer-
tain areas. This variability underscores the need for careful 
interpretation of the review’s findings, as studies with higher 
risks of bias may influence the overall conclusions. The results 
are presented in tabular form, allowing for a transparent com-
parison of study quality and a better understanding of the 
potential impact of bias on the review’s outcomes.

Results
As a result of the database searches, 2191 studies were identi-
fied. Using EndNote, 311 duplicate studies were removed. 
After thoroughly screening titles and abstracts, 1757 studies 
were found to be irrelevant to the study’s purpose and were 
excluded at this stage. Subsequently, 124 full-text articles were 
assessed for detailed review. Of these, 104 studies were excluded 
due to inadequate methodology or lack of peer review. Studies 
focusing on preparedness outside of the hospital context, such 
as prehospital settings, were also excluded. Additionally, studies 
addressing internal hospital disasters, such as chemical spills, 
fires, or engine explosions, were excluded. Ultimately, 20 stud-
ies were deemed relevant for this systematic review, as illus-
trated in the PRISMA flowchart, which outlines the search 
and selection process (Figure 1).

The exclusion criteria for full-text studies included prehos-
pital orientation, systematic or comprehensive review design, 
and a focus on disasters other than CBRNe. The included 
studies were conducted in 16 countries: Canada, the United 
States (USA), the Kingdom of Saudi Arabia (KSA), Europe 
(EU), the United Kingdom (UK), Iran, Austria, Belgium, 
Northern Ireland, Turkey, Sweden, the Netherlands, China, 
Italy, Pakistan, and Malaysia. All these studies focused on hos-
pital preparedness for CBRNe incidents. Studies from Asia, 
Europe, North America, and Australia were also included. 
Notably, no studies from Africa or South America were identi-
fied. In terms of preparedness measures, the terminology used 
across the selected studies was nearly identical. Interestingly, 

50% of the studies were conducted within the last 5 years, with 
5 studies published in 2023, 2 in 2020, and 3 in 2019. The 
increasing global concern about CBRNe readiness highlights 
the significance of this systematic review.

The selected studies have employed a variety of research 
approaches, including cross-sectional, qualitative, interven-
tional, and descriptive comparative research, as well as descrip-
tive comparative research. Stratified analyses were conducted 
to address the heterogeneity resulting from the different study 
designs used in the systematic review. These analyses grouped 
studies based on their design types (eg, randomized controlled 
trials versus observational studies) to assess the independent 
effects of each study.

All ten investigations employed a cross-sectional design. Of 
these, five focused specifically on the preparedness of workers 
in CBRNe-related situations. A 2012 study by Mitchell et al29 
used a competency questionnaire to examine the knowledge, 
skills, and attitudes of hospital staff in Northern Ireland regard-
ing events involving CBRN materials. Similarly, Azeem et al34 
investigated perception of preparedness in CBRNe incidents 
through a survey involving medical nurses, graduate students, 
and postgraduates. Yahya et  al,38 conducted a cross-sectional 
study in Malaysia to assess staff preparedness for CBRNe in 
three areas: knowledge, training, and resilience. However, a 
study by Schumacher et al31 was more specific in the field of 
CBRNe preparedness. The researchers used a questionnaire to 
evaluate level of knowledge regarding PPE required when pro-
viding advanced life care support for patients contaminated 
with CBRN materials in specific chemical and biological inci-
dences. The necessary PPE included equipment to protect the 
eyes, skin, and respiratory system. The most recent study on 
CBRN preparedness, conducted in 2024, distributed a ques-
tionnaire in the emergency department to evaluate staff pre-
paredness and identify the necessary measures for responding 
to CBRNe incidents.42

The remaining five5 cross-sectional studies focused on 
investigating hospital preparedness. Kollek and Cwinn27 con-
ducted a study by emailing 315 hospital emergency depart-
ments across Canada, revealing a significant gap in the 
Canadian healthcare system’s disaster preparedness, particu-
larly in CBRN readiness. Mortelmans et al23,44 conducted two 
studies in 2014 and 2017 in Belgium and Netherland respec-
tively, respectively, using the same questionnaire in both cross-
sectional studies. In 2020, a cross-sectional study was conducted 
in Kingdom of Saudi Arabia (KSA) utilizing the CBRNe 
questionnaire which was prepared in 2009 by the Centre for 
Excellence in Emergence Preparedness in Canada.25 In 2022, 
another cross-sectional study enrolled in Australia by Mackie 
et  al37 conducted another cross-sectional study in Australia, 
investigating both personal capacity and hospital surge capac-
ity in response to CBRN incidents.

The Delphi approach is the most commonly used method 
after the cross-sectional approach. Three of the included 
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studies used the Delphi methods to examine various aspects of 
preparedness measures in incidences involving from CBRN 
materials.28 In 2011, Linney et  al28 targeted 14 UK CBRNe 
experts, including hospital ED staff and planners from both 
military and civil responders, as well as insights of fire fighters 
and police to obtain a consensus on what should comprise 
future emergency planning competencies in CBRNe inci-
dences for staff of UK hospitals. In 2017, Olivieri et al32 applied 
the Delphi approach across Europe by gathering expert agree-
ment from 10 countries to design an assessment tool that serves 
as a standardized method for evaluating hospital preparedness 
levels. Similarly, Marzaleh et al5 used the Delphi approach to 
develop a national model for ED preparedness in nuclear and 
radiological incidents, incorporating 31 factors related to “staff, 
stuff, and system” to achieve comprehensive preparedness.

Regarding qualitative studies, Djalali et  al33 focused on 
identifying the fundamental competencies required for staff to 
optimally respond to CBRNe incidents, as well as the neces-
sary components of a CBRNe educational program to develop 

these competencies. In another qualitative study, Gyllencreutz 
et  al41 described the components of CBRNe preparedness 
among ED physicians working in tertiary hospitals in Sweden. 
The researchers emphasized issues related to different collabo-
ration aspects as a measures for optimal CBRNe preparedness. 
Althought four studies in their method section they acknowl-
edged using interventional approaches, only one study con-
ducted by Huyar and Esin39 utilized a parallel-group trial 
design and used a pretest post-test design to investigate the 
effectiveness and usefulness of a mastery learning model based 
on CBRNe for nursing students. Their study emphasized the 
ability of the program to enhance nursing students’ knowledge, 
attitude, self-efficacy, and skill development in the CBRNe 
field. Lastly, only one study was descriptive comparative, which 
compared between two centers regarding medical staff knowl-
edge and experiences about CBRNe incidences. The study 
emphasized a set of preparedness measures advised for the best 
response of emergency responders based at hospitals. Basic 
information of the included studies is summarized in Table 1.

Figure 1. The PRISMA flowchart illustrates the search method and the selection process.
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The data synthesis process was conducted by the two 
authors. Any discrepancies in interpretation between the 
reviewers were resolved through consensus, ensuring the relia-
bility of the results. The synthesis of the included studies 
helped shape the domains of CBRNe preparedness measures. 
This systematic review focused on hospitals as the study con-
text, where preparedness measures are essential for an optimal 
response. For the purposes of this review, preparedness meas-
ures were grouped into three interrelated domains: personal, 
technological, and structural measures, as shown in Table 2. 
Among the three domains, structural measures were the least 
frequent and least emphasized. Education and training were 
highlighted in nearly all the included studies, with decontami-
nation, PPE, and detection also being underscored in most. 
However, transportation, Points of Dispensing (PODs), and 
mortality management were largely neglected, with only one 
study mentioning them.

Discussion
Current levels of readiness and training for hospital personnel 
in relation to CBRNe incidents are notably inadequate in many 
healthcare settings. This review highlights the critical need for 
robust preparedness protocols, as many hospitals lack compre-
hensive, recurring training programs tailored specifically to 
CBRNe scenarios. This deficiency not only compromises the 
safety and effectiveness of healthcare professionals but also 
weakens an institution’s ability to respond to such incidents 
comprehensively. Our findings reveal varying levels of prepar-
edness, which can be attributed to factors such as unequal 
resource allocation, differing assessments of CBRNe risks, and 
the complexity of providing specialized training that covers the 
broad range of potential hazards.

Further examination reveals that medical facilities that 
incorporate routine, scenario-driven exercises and interprofes-
sional training demonstrate a tendency for staff to be more pre-
pared and confident when faced with CBRNe crises. Such 
training improves not only practical abilities but also commu-
nication and coordination between departments, which are 
critical during actual events.45 The findings of this systematic 
review underscore the importance of implementing a consist-
ent, ongoing training program that is regularly updated to 
reflect the latest advancements in response strategies and the 
evolving CBRNe threat landscape.

A hospital’s implementation of protective measures in 
response to CBRNe threats underscores the critical impor-
tance of well-coordinated safety protocols and prepared infra-
structure. Our review findings suggest that while many 
hospitals have developed initial response plans, there remains a 
significant gap in operational readiness and the effective execu-
tion of these plans.11,16,46 The literature highlights that this 
inconsistency introduces considerable risks in the context of 
CBRNe incidents, which require immediate and coordinated 
action.47,48 Additionally, we found that hospitals often prior-
itize theoretical planning over practical, real-world simulations 

that test these plans under stressful conditions. This approach 
could hinder healthcare personnel’s ability to efficiently imple-
ment preventive measures during actual CBRNe events.48

Furthermore, the assessment emphasizes the necessity for 
healthcare facilities to embrace a comprehensive strategy 
regarding CBRNe readiness, incorporating preventive meas-
ures in addition to emergency response.49 Enhancing hospital 
response capabilities can be achieved through the implementa-
tion of advanced detection and decontamination technologies, 
regular multi-departmental exercises, and advanced training 
modules. Evidence suggests that establishing specialized 
CBRNe units within healthcare facilities, equipped with 
trained personnel and specialized apparatus, can significantly 
improve institutional resilience. However, our research reveals 
that many studies highlight obstacles to these advancements, 
often impeded by financial and logistical constraints.50,51 This 
finding suggests that additional policy and government assis-
tance is necessary to guarantee that hospitals possess the neces-
sary resources to efficiently handle CBRNe threats. Therefore, 
this systematic review advocates for a fundamental reassess-
ment of existing approaches, suggesting that healthcare set-
tings transition from reactive to proactive CBRNe preparedness 
planning.

The readiness of hospital equipment for CBRNe incidents 
highlights the critical need for modernization and standardiza-
tion to manage such high-risk situations effectively. Our sys-
tematic review reveals significant variability in the availability, 
up-to-date status, and suitability of equipment across surveyed 
hospitals. This discrepancy could severely hinder the ability to 
respond effectively during a CBRNe incident.42 Essential 
equipment such as decontamination units, PPE, and advanced 
diagnostic tools often face limitations in availability or are out-
dated, compromising healthcare professionals’ ability to 
respond safely and efficiently. Additionally, numerous studies 
in our review indicated that the unique challenges posed by 
CBRNe agents could not be addressed due to the lack of spe-
cialized equipment, exposing a deficiency in hospitals’ current 
preparedness strategies.33,52 Moreover, the review reveals that 
most studies were conducted in North America, Europe, and 
parts of Asia, with few from Africa and South America. 
Regional differences in healthcare systems, policies, and demo-
graphics will likely affect the outcomes, potentially limiting the 
generalizability of the study findings.

Recommendations
Given the significance of these findings, hospitals are 
strongly encouraged to evaluate their equipment policies 
and ensure adherence to international CBRNe response 
standards. Regular training on the operation of advanced 
CBRNe response equipment and prioritizing the acquisi-
tion of such tools are essential measures to maintain staff 
preparedness and expertise. Furthermore, the implementa-
tion of standardized equipment protocols and cooperation 
agreements within hospital networks could enhance overall 
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readiness by ensuring that all affiliated institutions have 
immediate access to critical resources during a CBRNe inci-
dent. This would ensure that hospitals are uniformly 
equipped to respond to emergencies. This systematic review 

highlights the importance of adopting a comprehensive 
approach to managing hospital equipment, with a focus on 
universal standards, technological advancement, and sus-
tainability within healthcare settings.

Table 2. CBRNE preparedness measures.

PREPAREDNESS MEASURES REFERENCED STUDIESA

Personal -  Knowledge/awareness/education regarding CBRN education about types of bombs, 
knowledge about Physiologic effects of bomb blasts.

1-6; 8-20

Skills in decontamination of people and equipment.

- Training/exercises

- Higher degrees and qualification

- Competence, resilience, and self-efficacy

- Previous experience and being expert

- Awareness of local and national hazards

- Risk perception and situation awareness

- Task management, cultural competency, harsh environment skills, physical endurance.

- Psychological support; and ethical considerations.

Technological -  Availability of decontamination equipment, medical counter measures, antidote, and 
Strategic National Stockpile, ICU, laboratories, and Isolation facilities.

1-14; 17-20

-  Incident Command system (ICS)

-  Access to a specialist center, access to ventilators, access to bed and laundry

-  Substance identification,

-  Availability of action cards

-   Chain of command

-  Command and control

-  Decontamination facility and Decontamination Teams

-  Waste management and management of dead bodies

-  Detection devices and personal dosimeters

-  Triage and PODs.

-  lines of communication

Structural -  Threat identification 2, 4, 6-8, 10, 12-14, 19-20

-  CBRN surveillance capacity

-  Transportation issues and management of vehicles on-site.

-  Information management

-  Chain of command

-  Communication plans both Internal and external

-  Disaster plans

-  Security considerations

-  Interorganizational cooperation

aNumbers refer to studies in Table 1.
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We recommend that new interdisciplinary research projects 
be undertaken to address these challenges. Policymakers should 
also develop standardized procedures and protocols to enhance 
the overall response to CBRNe incidents. Additionally, we sug-
gest establishing a framework for feedback from healthcare 
practitioners and stakeholders, in line with the findings of this 
review. There is also a need for more research in underrepre-
sented regions. Policymakers and stakeholders should support 
initiatives that fund research and projects in these areas to 
improve CBRNe readiness. This can be achieved by increasing 
funding, grants, and other resources. Furthermore, policymak-
ers and hospital administrators should prioritize implementing 
targeted training programs focused on hands-on, scenario-
based CBRNe response exercises. Investment in advanced 
detection and decontamination technologies, which have been 
identified as the most effective in systematic reviews, should 
also be a priority.

Limitations
This systematic review of hospital CBRNe preparedness has 
several limitations typical of the subject matter. The diverse 
study designs and methodologies among the included research 
articles present a significant challenge. Many studies relied on 
self-reported data, which can introduce bias into the findings. 
Variations in population, environment, and levels of readiness 
complicate the process of synthesizing data and drawing gen-
eral conclusions. Differences in hospital resources, regional 
perceptions of risk, and government support may limit the gen-
eralizability of the results and lead to potential distortion of 
findings.

Managing deceased bodies received the least attention in 
the reviewed studies, likely due to the ethical and legal con-
siderations involved. The sensitivity of these issues may dis-
courage researchers from prioritizing them. Additionally, 
information related to deceased bodies is often considered 
confidential, which can limit accessibility. Transportation and 
the operational efficacy of Points of Dispensing (PODs) were 
not addressed in detail but were rather viewed in a broader 
context. Most studies were highly focused and did not account 
for systemic logistical issues. Collecting such data requires 
collaboration between various agencies, including public 
health departments, emergency medical services, forensic sci-
ence, and hospitals.

Conclusion
This study examines the evidence regarding critical hospital 
preparedness measures needed for CBRNe emergencies. The 
comprehensive assessment of CBRNe readiness in hospital 
settings highlights significant public health and safety con-
cerns. It identifies both notable strengths and critical short-
comings in the preparedness strategies of healthcare facilities 
worldwide. While some medical facilities have the necessary 
resources and protocols to manage CBRNe crises, the majority 
lack adequate training, equipment, and procedures. This is 

especially true in low-resource regions, where the study empha-
sizes the need for increased funding and standardized prepar-
edness processes to improve response capabilities. Collaboration 
between agencies, regular comprehensive training, and equip-
ment modernization are essential for reducing public health 
risks and ensuring hospitals are prepared for CBRNe incidents. 
Proactive and coordinated hospital preparedness requires a 
global standard that can be adapted to fit local resources and 
needs, ensuring that every hospital is equipped to manage 
CBRNe incidents effectively.
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