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Abstract

Introduction Biological Events affect large populations depending on transmission potential and propagation.
A recent example of a biological event spreading globally is the COVID-19 pandemic, which has had severe effects
on the economy, society, and even politics,in addition to its broad occurrence and fatalities.

The aim of this scoping review was to look into patient flow management techniques and approaches used globally
in biological incidents.

Methods The current investigation was conducted based on PRISMA-ScR: Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews. All articles released until March 31, 2023, about research
question were examined, regardless of the year of publication. The authors searched in databases including Scopus,
Web of Science, PubMed, Google scholar search engine, Grey Literature and did hand searching. Papers with lack

of the required information and all non-English language publications including those with only English abstracts
were excluded. Data extraction checklist has been developed Based on the consensus of authors.the content

of the papers based on data extraction, analyzed using content analysis.

Results A total of 19,231 articles were retrieved in this study and after screening, 36 articles were eventually entered
for final analysis. Eighty-four subcategories were identified,To facilitate more precise analysis and understanding,
factors were categorised into seven categories: patient flow simulation models, risk communication management,
integrated ICT system establishment, collaborative interdisciplinary and intersectoral approach, systematic patient
management, promotion of health information technology models, modification of triage strategies, and optimal
resource and capacity management.

Conclusion Patient flow management during biological Events plays a crucial role in maintaining the performance
of the healthcare system. When public health-threatening biological incidents occur, due to the high number

of patients, it is essential to implement a holisticand integrated approach from rapid identification to treatment
and discharge of patients.
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transmission and proliferation [2—4]. Epidemics of deadly
infectious diseases are increasing worldwide [4, 5]. In
2009, according to the estimations, the Hémagglutinin
Neuraminidase (H1IN1) pandemic caused about 150,000
to 580,000 deaths. Between the years 2002—-2003, approx-
imately 8,000 people died as a result of the Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV2), which
spread to more than 30 nations on five continents [6, 7].
Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) was another infectious epidemic discovered in the
Middle East in 2012 [6, 7] with a more than 30% mortal-
ity rate [7]. The Ebola pandemic is still a public health
emergency with international significance. It emerged
in Guinea in December 2013, causing 28,616 cases and
more than 11,300 deaths, and ended in June 2016. This
outbreak has been described as the deadliest recorded
Ebola outbreak in history [8, 9].

On December 31, 2019, the spread of viral pneumonia
was reported in Wuhan, China, which was caused by a
new and genetically modified variant of the coronavi-
rus family SARS-CoV2, named COVID-19 disease [10].
According to the World Health Organization (WHO), as
of December 31, 2023, approximately 773,449,299 cases
were confirmed and nearly 6,991,842 reported deaths
worldwide [11], making it clear once again that the mag-
nitude of the biological threat to human society is more
evident than ever before.

In the event of a biological disaster, hospitals and the
health system are crucial institutions that manage, treat,
and care for the impacted population. The state of the
healthcare system’s preparedness is crucial in this regard
[12]. Managing affected people following epidemics is
very difficult. It requires performing a complex and coor-
dinated set of tasks, including implementing a holistic
and integrated approach of rapid identification of the
infected people locally, real-time monitoring, patient flow
management, infection prevention and control services
[13], etc. The lack of understanding of how to manage
the flow of patients in the COVID-19 pandemic—despite
experiences from previous incidents—has caused a great
deal of harm to people and health organizations [14]. As
COVID-19 spreads and the number of afflicted individu-
als rises, healthcare systems globally are collapsing [15].
Even in nations previously commended for meeting the
gold standard for preparedness, the COVID-19 pandemic
revealed severe deficiencies in the public health system
[16, 17]. It led to extensive inequalities, uncontrolled
costs, unsatisfactory quality of health services, restricted
access to services, and marginalization of public health
in the United States [14]. These shed light on the current
state of global health disability and how to address the
urgent and systemic problems brought on by biological
occurrences [18].
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Traditional healthcare systems” approaches to disaster
planning and prevention emphasised ingrained issues
such poor patient management, a severe lack of per-
sonal protective equipment, difficulty identifying viral
outbreaks in advance, and health care personnel’ fatigue
[15].

On the other hand, the risk management of biologi-
cal incidents is a national priority of societies. It has
been recognized as part of the Sendai Framework and
has been considered globally under international health
regulations [19]. Therefore, it is essential to compre-
hend the procedure for controlling patient flow in bio-
logical occurrences that pose a signicant risk to public
health and safety. The term “patient flow” describes how
patients travel through healthcare institutions. The pro-
cedure includes providing patients with the medical
attention, tangible resources, and internal mechanisms
required to manage them from admission to release,
guaranteeing their return to their homes and commu-
nities while upholding the standard of care. Both the
cost of the therapy and its quality are factors that affect
patient satisfaction [20, 21]. The impacted society and
healthcare systems may bear a heavy financial, social, and
psychological cost due to these catastrophes. To control
and respond appropriately to the epidemics caused by
biological factors, identifying strategies for patient man-
agement in Biological Emergencies and disasters in the
world in current conditions and similar situations in the
future is very important.

Thus, the purpose of this study was to find patterns
and strategies for patient management against biologi-
cal events as well as to examine patient flow management
techniques in biological events methodically.

Methods

To learn more about patient flow management tech-
niques and their models and strategies in biological
events, a comprehensive scoping review was carried
out. The review procedure was monitored and results
were reported using the Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) Checklist. This review
was conducted based on Arksey and O’Malley’s scoping
review methodology [22], This Framework conducted in
five stages: 1) specify the research question, 2) identify
relevant literature, 3) select studies, 4) map out the data,
5) summarize, synthesize, and for reporting the results.
used the PRISMA2020 flowchart to show how to reach
the final number of articles.

Eligibility criteria
The works on biological events management OR patient
flow in biological events that were released until the
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end of March 2023 in English-language journals were
the main subject of this review. Additionally, papers
that satisfied the following requirements were consid-
ered for examination. (1). Articles with keywords and
subjects about controlling patient flow during Epidem-
ics and pandemics following biological events and also
regional biological events. published in English; (3)
published through March 2023; (4) full-text articles in
English; and (5) Survey, assess and analyze or evaluate
related papers analysis of biological events (epidem-
ics, pandemics, infectious diseases, CBRN incidents,
and emerging and re-emerging communicable diseases,
as well as patient management) and (6) Any primary
research articles, including randomized controlled tri-
als, quasi-experimental studies, cohort studies, case—
control studies, cross-sectional studies, case reports,
qualitative studies and descriptive studies were eligible
and all related documents which has been released with
trustable organizations, such as WHO, CDC and Min-
istry of Health of Iran’s policies.

Among the exclusion standards were Research that
only included an abstract in English and the article’s
full text is written in a language other than English,
Articles that examined deliberate biological incidents,
such as bioterrorists, as well as those that dealt with
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management and policy-making regarding the entire
epidemic were disqualified from the analysis.

Information sources and search

A search was conducted using using Scopus, Web of
Science, PubMed databases, and Google Scholar search
engine.Authors searched Grey Literature and did hand
searching in valid websites, CDC, WHO and Ministry
of Health of Iran’s policies. The search entered stud-
ies up to the end of March 2023. The search terms were
utilized “Biological’, “CBRN’, “Biohazard Release,” “Mass
Casualty Incidents’, “Pandemics,” “Epidemics,” “Com-
municable Disease, “Outbreak,” “Disaster; “Emer-
gencies,” “Accidental Release’, “Infectious Diseases’,
“Emerging Communicable Diseases’, “Emerging Infec-
tious Disease’, “Reemerging Communicable Disease’,
“Disease Outbreak’, “COVID-19”, “SARS-CoV-2Ebola’,
“SARSTMERS” “patient flow’, “patient management’,
“Patient care management” The National Library of
Medicine’s MeSH (Medical Subject Headings) was uti-
lized to derive synonyms for these keywords. The method
used keyword combinations and Boolean operators
based on the restricted text choices available in each
database. For further research, references from perti-
nent excluded publications and included papers were
reviewed. For instance, (Table 1) provides the complete

Table 1 Electronic search strategy in Pub Med, Scopus, WOS and google scholar

Pub Med search strategy:

6018

((((("Care Management"[Title/Abstract]) OR ("Patient Care"[Title/Abstract])) OR ("patient flow"[Title/Abstract])) OR ("patient care
management"[Title/Abstract])) OR ("patient management"[Title/Abstract])) AND (((((((((((((((((Biohazard Release[MeSH Terms]) OR ("Bio-
logical Accident"[Title/Abstract])) OR ("Biological Incident"[Title/Abstract])) OR ("Accidental Release"[Title/Abstract])) OR ("biological
event"[Title/Abstract])) OR ("Biological emergenc*'[Title/Abstract])) OR ("Biological Disaster"[Title/Abstract])) OR (epidemic[MeSH Terms]))
OR ((COVID-19[MeSH Terms]) OR (SARS-CoV-2[MeSH Terms]))) OR (disease outbreak[MeSH Terms])) OR (pandemic[MeSH Terms])) OR (com-
municable disease[MeSH Terms])) OR (Disaster[MeSH Terms])) OR ((((Mass Casualty incident[MeSH Terms]) OR ("Mass Casualty incident"[Title/
Abstract])) OR ("Mass Casualties"[Title/Abstract])) OR ("Mass Casualty"[Title/Abstract]))) OR (Mass Casualty incident[MeSH Terms])) OR ("CBRN
emergenc*(Title/Abstract])) OR (CBRN Accident[Title/Abstract])) OR ("Biological Disaster"[Title/Abstract])) OR (Communicable Diseases,

Emerging[MeSH Terms]))
Scopus search strategy:

6790

(TITLE-ABS ("care management") OR TITLE-ABS ("patient care") OR TITLE-ABS ("patient flow") OR TITLE-ABS ("patient care management")
ORTITLE-ABS ("patient management") AND TITLE-ABS ( biohazard AND release) OR TITLE-ABS ("biological accident") OR TITLE-ABS ("biological
incident") OR TITLE-ABS ("accidental release") OR TITLE-ABS ("biological event") OR TITLE-ABS ("biological emergenc*") OR TITLE-ABS ("biological
disaster") OR TITLE-ABS (epidemic) OR TITLE-ABS ( covid-19) OR TITLE-ABS (sars-cov-2) OR TITLE-ABS (disease AND outbreak) OR TITLE-ABS-KEY
(pandemic) OR TITLE-ABS-KEY (communicable AND disease) OR TITLE-ABS-KEY (disaster) OR TITLE-ABS (mass AND casualty AND incident)
ORTITLE-ABS ("mass casualty incident") OR TITLE-ABS ("mass casualties") OR TITLE-ABS ("mass casualty") OR TITLE-ABS (mass AND casualty

AND incident) OR TITLE-ABS ("cbrn emergenc*") OR TITLE-ABS (cbrn AND accident) OR TITLE-ABS ("biological disaster") OR TITLE-ABS (communi-

cable AND diseases, AND emerging))
WOS search strategy:

10336

((((((TI=( biohazard AND release) OR TI=( "biological accident") OR Tl =( "biological incident") OR TI=( "accidental release") OR Tl=("biologi-

cal event") ORTI=( "biological emergenc*") OR Tl=("biological disaster") OR Tl=( epidemic) OR Tl=( covid-19) OR TI=( sars-cov-2) OR TI=(
disease AND outbreak) OR Tl = ( pandemic) OR Tl =( communicable AND disease) OR Tl = ( disaster) OR TI=( mass AND casualty AND incident)
ORTI=("mass casualty incident") OR Tl=("mass casualties") OR Tl=("mass casualty") OR TI=(mass AND casualty AND incident) ORTI=("cbrn
emergenc*") ORTI=( cbrn AND accident) OR TI=( "biological disaster") OR Tl=( communicable AND diseases, AND emerging))) AND Tl=("care
management")) OR TI=("patient care")) OR TI=("patient flow")) OR Tl=("patient care management")) OR TI=( "patient management")

Google Scholar search strategy:
"Biological event "+ ( "patient flow"|"patient management")

150
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PubMed,Scopus, WOS and google scholar search
strategy.

Selection of sources of evidence

ZH. and M.S., two impartial reviewers, evaluated
abstracts and titles to determine their eligibility. Com-
plete copies of the article were retrieved, and both
reviewers considered it eligible when they thought the
abstract or title may be helpful. By engaging in these
activities, we were able to preserve the study’s rigor and
locate the most pertinent publications. Arbitration was
used to resolve differences in opinion on relevance.

Data charting process

Duplicate titles were removed from the search results
when loaded into the Mendeley program. A selection of
papers was sent for abstract reading and subsequently
cross-referenced with the inclusion criteria. Out of these,
the most pertinent papers were chosen for independ-
ent full-text reading by two researchers (Z. H., SH.A.),
an epidemiologist (M.S.), and an expert who confirmed
the results (H. R. Kh) and (M.F). Studies were excluded
for a variety of reasons such as the paper’s themes were
not related about patient flow management, were not
analysed biological events, Full text were irrelevance,
Outcome was not patient flow /lack of the required infor-
mation and Language was not E/N where the researchers
couldn’t agree, a third researcher’s opinion was sought. In
an iterative approach, the two reviewers plotted the data
independently, talked about the findings, and updated
the data charting form regularly.

Data items

Data on the first author, publication date, kind of biologi-
cal event, study paradigm, study design/methodology/
methods, sample size, and key outcomes were extracted
from the selected papers using a checklist. The research
team developed a comprehensive checklist that included
items covering all aspects of the manuscript, such as the
title, abstract, introduction, methods, results, and discus-
sion, Based on the research question and the consensus
among the authors, a draft checklist was created to record
key information from each source. The authors evalu-
ated 3-5 papers to find the most important components
about data extraction’s theme. This information included
details like the author, reference, and findings relevant to
the review questions. The authors selected specific data
points, such as the first author, year of publication, ori-
gin or country of the study, population and sample size
(if applicable), methodology, type of biological event,
outcomes, and key findings related to the scoping review
questions. all contents of papers has been analyzed using
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content analysis. Once this form has been completed, the
findings reviewed, summarised, and eventually reported.

Synthesis of results

In this study, the Graneheim & Lundman content analysis
approach was utilised to analyse the data following data
extraction from identified publications [23]. In summary,
the principal investigator) evaluated the discussion, con-
clusion, and results sections multiple times after choos-
ing the final articles. Subsequently, In the second step,
the text was divided into semantic units that were sum-
marized and shortened. the primary codes were retrieved
from the parts that contained words, terminology, and
phrases used to define or explain the concept’s features.
These sections were classified as semantic units. Subcate-
gories and primary categories were recovered in the next
stage by comparing and classifying these codes. the codes
that indicated a single topic were placed in a same cat-
egory and finally main categories and sub categories were
formed, And if the data does not match to the concepts, a
new concept was generated.

Results

Selection of sources of evidence

The goal of this study was to comprehensively examine
patient flow management techniques during biological
events, spot trends, and develop patient management
plans in the case of a biological event. in the first search
using the keywords23297 articles found. All of the found
articles were then added to the Mendeley database. for
evaluation after duplicate articles were eliminated 19,231
articles were included. then 18,293 articles were elimi-
nated from the study after it was determined from the
titles and abstracts that they did not match the inclu-
sion requirements. In total 938 papers were chosen for
full-text review After examining the complete texts, the
remaining 902 articles were disregarded from the final
analysis because of topic disproportion. Eventually, the
references were examined and 36 articles were entered
into the final analysis (Fig. 1).

Characteristics of sources of evidence

Table 2 displays the data associated with the evaluated
studies according to the type of biological event, study
paradigm, study design, sample size, primary outcomes,
and first author and publication date (Table 2).

Synthesis of results

Among the 36 selected articles, 31 studies investigated
the management of the patients flow and infected cases
in the COVID-19 pandemic and the focus of the rest
of the five articles was on managing patients in other
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Outcome was not patient flow (15)
— and lack of the required
y information (n =114)
Studies included in review Language was not E/N (n=2)
(n=36)
Reports of included studies
(n=136)

Fig. 1 PRISMA flow diagram of the literature search and study selection process

biological events such as MERS, influenza, measles,
Infectious disease.

Of the total studies presented’ seven studies (19.4%)
were conducted in the United States (Fig. 2). In terms of
publication year, 33% of articles were published in 2022.
50% of the articles employed quantitative paradigm,
33.3% qualitative paradigm and 16.7% were conducted by
using Mixed Method.

A Graneheim and Landman conceptual data analysis
approach (2003) was used to analyse the texts of all 36
collected articles qualitatively. Based on the articles’ find-
ings, elements influencing patient flow management in
biological accidents were determined. Eighty-four main
categories and subcategories were determined by com-
bining pertinent studies. To facilitate a more thorough
examination and comprehension, the elements have been
divided into seven groups:

Patient flow simulation models, risk communication
management, integrated ICT system establishment,
promotion of health information technology models,

modification of triage strategies, optimal resource and
capacity management, and systematic patient manage-
ment are some examples of collaborative, interdiscipli-
nary, and intersectoral approaches. The parameters that
were categorized and taken from literature about patient
flow management in biological incidents are displayed in
Table 3.

Systematic management of patients

Workers in the health care system are typically the first
to diagnose and respond to an outbreak; therefore, emer-
gency department (ED) workers may receive the most
common indications of a new and highly infectious dis-
ease. Failure to detect index cases and delay in managing
an outbreak can pose a global health risk [60] and put
the health workers at risk. Thus, in three areas of pri-
mary care, hospital, and community level, the following
measures are recommended. The COVID-19 pandemic
has brought attention to the significance of a holistic and
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Percentage of Studies Conducted by Countries

= [taly

= Argentina = Belgium UK

Philippine = Taiwan

Fig. 2 Distribution of studies by country names

integrated approach, real-time monitoring, and active
patient flow [13].

At the primary care system

An Outbreak of infectious diseases is a global security
threat [61]. in this regard, for systematic management of
the patients, the following steps are recommended: early
identification of the threat [30, 55], intelligent screen-
ing [35], monitoring patients [49], visiting patients and
strengthening home health care to determine the severity
of the disease [35, 55] Public—Private Sector participation
in quarantine [49]. rapid laboratory diagnosis [13, 33, 49],
launching outpatient testing centers [58] and isolation of
suspected and infected patients [33].

In regards to hospitality

Using MEWS [42], — Higher EWS scores predict a greater
chance of a medical crisis and the need for quicker and
more intensive care interventions; lower EWS scores
indicate a decreased likelihood of such interventions.
Examples of high-risk patients include those who require
active patient flow management [13], capable command
systems [53], timely monitoring [13], prompt treatment
[33, 35], and the establishment of mobile outpatient clin-
ics [48].

The interdisciplinary and intersectoral joint approaches

At the community level

Activation of intermediate care facilities and convales-
cence centers for hospitalization of patients with mild
symptoms [24, 35, 50, 51], follow-up after discharge [35],
and not leaving the patient after returning to home and
community.

China

way = |ran

= Germany = Pacific regions

North America

Canada

= Bangladesh

Interdisciplinary and intersectoral joint approach

It can be classified into: revising clinical and multidisci-
plinary approaches and inter-organizational cooperation
and coordination.

Revision of clinical and interdisciplinary approaches
Sustainable intersectoral and interdisciplinary collabora-
tion is beneficial the creation of a new clinical approach
and the reorganization of clinical and operational pro-
cesses [27]. With close interdisciplinary and intersectoral
approaches [26, 59] and the development of multidisci-
plinary teams [30], it is possible to provide practical con-
text for patient flow, resource management and improved
communication culture and to manage patient flow and
adapt to the challenges of new day-to-day care [58].

Inter-organizational coordination

In emergency management, coordination between medi-
cal staff, hospital and inter-hospital units, and local
services is essential. The necessity of encouraging multi-
specialty and multidisciplinary integration is highlighted
by the scheduling of regular problem-solving meetings,
establishing emergency management plans or routine
practice procedures for staff, and strengthening health-
care professionals in emergencies situations [45].

Employing patient flow simulation systems and models
Using simulation and predictive models, a dynamic
understanding of patient flow is necessary to enhance the
overall performance of hospitals.
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Table 3 Categories and subcategories of patient flow management in biological events based on thematic analysis

Main Category

Sub-categories

Systematic management of patients

interdisciplinary and intersectoral joint
approach

Patient flow simulation models

Risk communications management

Promoting health information technology
models

Correcting triage strategy

Optimal management of capacities and
resources

At the level of the primary care system: early threat identification [30, 55], intelligent screening
[35], monitoring of patients [49], public—private sector participation in quarantine [49], rapid labora-
tory diagnosis [13, 33, 49], launching outpatient testing centers [58], strengthening home care cent-
ers [55], separating suspected and infected patients [33].

About hospitals: active management of patient flow [13], powerful command system [53], timely
monitoring [13], use of Modified Early Warning Score (MEWS?) [42], rapid treatment [33, 35], launch-
ing mobile outpatient clinics [48].

At the community level: activation of intermediate care facility [24, 35, 50, 51], Follow-up after dis-
charge [35].

Revision of clinical and interdisciplinary approaches: reorganization of operational and clinical
processes [27], close interdisciplinary and intersectoral collaboration [26, 59], formation of multidis-
ciplinary working groups [30, 58].

Promoting interagency cooperation and coordination: Promoting coordination between hos-
pital and prehospital emergency [45].

Simulation models: using time-series prediction models [21], simulation models based

on the nature of the disease and length of hospitalization [25] and simulation models based
on patients and spaces [28].

Predictive Models: Patient Flow Scenarios [21, 29], utilizing Artificial Intelligence [38].

Risk Communication Operations Management: Improving communication culture, providing
transparent information, disclosing information in real time [49].
Promotion of Information Systems: The Use of ICT Platforms [49].

Data and Information Management: Integrated Information Technology System [13], Managing
the Flow of Information and Data [13, 55].

Providing Telemedicine Prerequisites: Supplying Technology Infrastructure [47], Online Triage
Clinics [53], Telemedicine Equipped Booths [41], Telegarage [47].

Creating special triage centers: triage in parking lot [37], mobile triage in cars [36], triage tents
[37].
Triage process revision: Triage Based on Disease Severity [24], Two-tier Triage [34].

Processes and Policies: Considering preventive approaches [44], maintaining a holistic and inte-
grated approach [13] from identification to discharge, using innovative processes [41], cancella-
tion of outpatient visits [26, 53], cancellation of elective surgeries [26, 54], classification of required
resources [31, 32], simplification of discharge process of low-risk patients [25, 40, 53], reduced
hospitalization time [33, 42, 47].

Staff: maintaining mental health of employees [57], reducing burnout [57], training of employ-
ees [26, 48], training of skilled workers [26, 43] and flexible [39, 46], giving incentives to effective
employees [57], timely monitoring of performance [13], training other categories [26], employing
retired forces [13, 26].

Equipment: Creating safe work environments [26, 46], adequate and standard personal protective
equipment [26, 48], timely infection control measures [13, 39].

Spaces: reshaping the emergency department [26, 40, 48], adding graded waiting rooms [29, 52],
adding treatment rooms [26, 29], launching dispatch of bed management [24, 40, 56], logistical
restructuring [45], standardization of spaces [48], conversion of empty spaces into wards [47, 54],
additional CT scan space in emergency room [26], addition of isolation rooms and special beds [13,
33, 56].

Reconstruction of the hospital [26].

@ Modified Early Warning Score

Simulation models

outcomes and reducing waiting times are the first goals of

Simulation is the best tool for identifying and allocat-
ing the necessary capacity to satisfy demand quickly and
minimize delays to get this understanding. Furthermore,
compared to most conventional statistical techniques,
simulation is a workable substitute [25] that requires
more time and money [62]. Generally speaking, the two
primary goals of simulation models employed in several
studies to examine healthcare delivery systems are (a)
improving patient conditions in various wards and (b)
allocating money to enhance services. Improving patient

optimising patient hospitalisation. The second goal is to
make efficient use of resources and figure out how much
human and physical resources are needed to deliver high-
quality care.

Predictive models

Predicting future trends and difficulties and making
necessary preparations, particularly at the administra-
tive and command levels, are crucial for the second
phase [63]. Proposing suitable policies can be aided by
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developing several models and precise scenarios for fore-
casting future infections. By accounting for the number
of nurses, doctors, beds, and other resources, anticipat-
ing the number of people who may contract an infection
in the future might aid in estimating the strain on the
healthcare system and making appropriate plans to avoid
overload [21, 29]. As a result, agent-based modelling and
other computer modelling and simulation can be helpful
[28, 64—67].

Additionally, these models can be used to assess sce-
narios, interventions, operational hazards, and the cost-
effectiveness of policies [28]. In this way, by anticipating
the maximum and minimum number of beds required,
an Al model assisted in managing patients in the emer-
gency room during the COVID-19 epidemic. Addition-
ally, it has aided in placing non-COVID-19 and suspected
COVID-19 patients on the quick and conventional ED
routes. According to the study’s findings, AI models can
be a vital resource in helping to reduce resource loss and
streamline ED operations [38].

Risk communications management

Responding to biological occurrences and the elements
that lead to public health emergencies requires effective
risk communication management [68]. It is regarded as
essential to guaranteeing a thorough, open, and prompt
flow of data and support to hospitals. In fact, prompt
action and mitigation of catastrophic effects of disasters
aid individuals in making wise decisions and building
resilience [69].

Risk communication operations management

Promoting a communication culture [59], providing
transparent information [55], and disclosing necessary
real-time information [49].

Promotion of information systems

The use of ICT platforms [49] has been introduced as one
of the influential factors in the management of structured
risk communication.

Promoting health information technology models
Telehealth technologies are crucial in monitoring social
distancing, decreasing human contact, and delaying the
spread of viruses. They are perfect for managing commu-
nicable diseases. Through telemedicine-equipped booths,
telehealth technologies provide remote care and evalua-
tion [70].

Data and information management

The development of an integrated information technol-
ogy system [13] can help to manage the flow of informa-
tion and data [13, 55].
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Providing telemedicine prerequisites

Expanding technology infrastructure [47] provides the
possibility for identification and diagnosis of patients
and suspicious people through online triage and virtual
outpatient clinics. It is also possible to provide care to
patients through equipped telemedicine [41] and tel-
egarage [47] in medical centers. For non-infected people
who have other diseases and need medical and hospital
services, it is also possible to provide required daily care
[71]. Providing physical space, technology infrastructure,
equipment and workflow of employees are critical to
operating the remote care system [47]. Furthermore, the
use of telemedicine equipped booths for patients before
entering triage as a screening process facilitates the flow
of patients. It leads to rapid orientation of patients and
reduced emergency burden [41].

Triage strategy modification

Dealing with an epidemic and biological incident is dif-
ficult for medical staff and emergency department
specialists.

Creating special triage centers

Triage at the emergency room’ parking lot [37], mobile
triage in cars [36], and triage tents [37], among other
locations, is an essential tactic to lower the incidence
among other inpatients and medical personnel. SARS-
Cov2 patients were hard to diagnose during the COVID-
19 pandemic because of the symptoms’ lack of specificity
and ability to be confused with other bacterial or viral
diseases. In addition, because no obvious risk indicators
for transmission had been found in the early waves of
the COVID-19 pandemic, determining the risk of con-
tracting the virus grew increasingly challenging as the
epidemic spread. Triage and working in particular areas
outside of the classical emergency rooms allows the
patient to be directed to the appropriate hospital unit,
without the risk of spreading contamination to other
non-infectious hospital areas [34].

Triage revision

A new two-tier triage center outside the hospital with two
distinct zones—one for assessing suspected COVID-19
patients and the other for non-suspected patients—was
established as one of the reforms that helped improve tri-
age strategy during the COVID-19 pandemic [24, 34].

Optimal management of capacities and resources

Hospital emergency rooms (EDs) become the focus
of healthcare personnel after mass casualties due
to disasters or emergencies, and they rarely need to
function above their intended capacity. Hospitals
may lose the quality and safety of patient treatment
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during emergencies and disasters due to the large influx
of patients, congestion, increased ED admissions, disrup-
tion of care flow, and inadequate resources. This is the
results from inadequate preparation to boost patient care
capacity, quality, and safety during emergencies and dis-
asters [72].

A thorough explanation of capacity enhancement reads
as follows: “the ability to acquire adequate staff, equip-
ment, structures, and systems to provide adequate care
to meet urgent needs following an influx of patients fol-
lowing a large-scale accident or disaster” A hospital’s four
areas of improvement are its staff or human resources,
equipment and supplies, structure or physical space, and
systems that include integrated management policies and
processes [72].

Policies and processes

Preventive approaches [44], maintaining a holistic and
integrated approach [13] from the time of identification
to discharge and the use of innovative processes [41]
during screening and triage led to improvements in the
classical operational and clinical processes. Furthermore,
cancellation of outpatient visits [26, 53], cancellation
of elective surgeries [26, 54], classification of required
resources [31, 32], simplification of discharge process of
low-risk patients [25, 40, 53], reduction of hospitalization
duration [33, 42, 47] in biological incidents have been
useful in active management of patient flow.

Employees

Increasing staff or human resources is one of the most
crucial components of the plan for expanding capacity.
The kind of services each employee offers and the sig-
nificance of realising their part in handling such situa-
tions are directly tied to how willing they are to respond
to such instances. Transportation issues, the obligation
of employees to care for others, ignorance of the risks
involved or their part in responding to pandemics, and
employees’ fear of infecting themselves or their families
are some of the obstacles that prevent workers from tak-
ing part in pandemic response activities [68, 73, 74].

It has been recommended to provide mental health
services for employees [57], reduce occupational burn-
out [57], train employees [26, 48], train specialised and
skilled personnel [26, 43] and provide flexible work
schedules [39, 46]. Additionally, it has been suggested to
give incentives to effective employees [57], timely moni-
tor their performance [13], train other disciplines [26]
and utilise the potential of retired personnel [26].

Supplies and equipment
According to the reviewed studies, creating a safe
working environment [26, 46], adequate and standard
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personal protective equipment [26, 48], timely infection
control measures [39] and [13], have been introduced as
the effective factors on the improvement of patient flow
management.

Spaces

Reshaping the emergency department [26, 40, 48], adding
graded waiting rooms [29, 52], adding treatment rooms
[26, 29], setting up bed management dispatch [24, 40, 56],
logistic restructuring, standardization of spaces [48],con-
version of empty spaces into sections [47, 54], additional
CT scan space in emergency room [26], addition of isola-
tion rooms and special beds [13, 33, 56], hospital recon-
struction [26] and standardization of hospital spaces
based on the principles of modern hospital engineering
are essential factors about optimal resource management.

Discussion

Based on the analysis of the selected articles, factors
affecting patient flow management in biological incidents
were identified. From the combination of relevant stud-
ies, eighty-four categories and primary sub-categories
were extracted. For more detailed analysis and under-
standing, factors were classified into seven categories:
systematic management of the affected patients, inter-
disciplinary and intersectoral joint approach, patient flow
simulation models, risk communication management,
establishment of integrated ICT system, promotion of
health information technology models, triage strategy
modification and optimal management of resources and
capacities.

When patients arrive at the emergency department
(ED) and cannot be admitted right away for a various rea-
sons, such as a hospital bed shortage, poor patient flow
is particularly noticeable [75]. Overcrowding in the ED
can have negatively affect on patient satisfaction, critical
intervention delays, and patient care delays [20, 76-78].

But in many cases, particularly in biological incidents,
there is inadequate management of hospital beds, which
leads to a delay in discharge and, ultimately, the release of
hospital beds [25]. Poor patient flow has been linked to
significant consequences during viral infection episodes,
such as the coronavirus pandemic [79] and seasonal flu
[80]. Thus, one of the most critical aspects of patient
management in biological incidents typically linked to
large numbers of victims—is the prediction and enhance-
ment of patient flow.

Numerous investigations have been carried out about
patient flow patterns and their handling in biological
crises, particularly following the COVID-19 pandemic
that caused medical facilities to fail in the majority of the
world’s nations. This called for the conduct of numerous
researches on patient flow and management in hospital
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EDs, which constituted the initial care-giving bottle-
neck for COVID-19 patients. In addition, several stud-
ies on infectious diseases like influenza, measles, and
SARS have been conducted. Medical centers’ emergency
departments (EDs) must continue to function as they
will continue to be the first to respond to pandemics and
other public health emergencies.

Reflecting these problems on the large biological inci-
dents of the COVID-19 pandemic is an opportunity
to identify ways to change policy, culture, and systems
transformation to improve preparedness in the face of
future public health emergencies [81].

Due to an abrupt or gradual inflow of patients, biologi-
cal events can present difficulties for health centers and
the healthcare system, as medical professionals must
continue to operate and oversee day-to-day operations
in their facilities. However, by efficiently and creatively
planning ahead, some of the effects of such catastrophes
may be mitigated. The research findings suggest that, in
addition to education, the following measures should be
considered: increasing resources, demand management,
and lean thinking [82]. Corrective strategies include sys-
tematic patient management, an interdisciplinary and
intersectoral approach, patient flow simulation models,
risk communication management, the establishment of
an integrated information and communication technol-
ogy system, the promotion of health information tech-
nology models, the modification of triage strategies, and
the optimal use of resources and capacities. The patient’s
flow should be simplified as a process and the path of
identification, transfer, acceptance, hospitalization in
intensive care units and finally discharging and returning
the patient to the community should be clear. Inter-sec-
toral and external coordination should be facilitated so
that when it is necessary to review operational and clini-
cal processes, this can be achieved through interdiscipli-
nary cooperation.

Maximizing the care zone for critical patients can be
achieved through creating an alternative care center for
the patient, creating flexible plans that can accommo-
date essential care, and increasing adaptability to trans-
form non-emergency units to emergency care zones to
increase capacity [27, 82].

Besides the strategies as mentioned above, strategies,
introduction and use of simulation models and machine
learning prediction systems can have a statistically signif-
icant effect on improving the overall flow of patients [21,
28] This can be attained by presenting different patient
flow scenarios and simulation models based on therapeu-
tic spaces and disease type.

During the exceptional COVID-19 outbreak, stand-
ards and information were constantly evolving. Under
these circumstances, effective and appropriate risk
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communication should be the main focus. This is espe-
cially noticeable during pandemics with high infection
rates, serious consequences, little access to treatment,
and a sharp increase in the number of cases. Poor risk
communication and a lack of awareness of the risk might
result in hoarding behavior, which can cause a short-
age of medications and personal protective equipment.
Maintaining a consistent media presence and using
social media and other channels is one possible strategy
to guarantee effective risk communication. Involving all
parties involved, including community members, in bio-
logical occurrences is another crucial step [83].

Telemedicine became widely recognized as a vital tool
during the COVID-19 pandemic, helping to enhance
patient monitoring, prevent disease outbreaks, identify
and treat sick individuals promptly, and, most critically,
guarantee ongoing care for frail patients with underly-
ing and chronic illnesses. Even though telemedicine was
quite successful during COVID-19 and was adopted
more widely in many nations, there were still large gaps
in the field. Before telemedicine is widely used, the fol-
lowing important challenges must be resolved: (1) to
effectively regulate telemedicine, health care operators
must be authorised, patient privacy must be protected,
and appropriate policies must be established. Addition-
ally, practical guidelines for the routine clinical use of
telemedicine in various contexts must be established and
disseminated. Third, telemedicine integration with tra-
ditional healthcare services must be increased. Fourth,
healthcare professionals and patients must be made
more aware of and willing to use telemedicine. Finally,
inequalities caused by technological, infrastructure,
and economic barriers must be overcome. In the near
future, remote patient management will be a vital tool for
healthcare systems globally, enhancing both patient care
and quality [84] if all these prerequisites are fulfilled.

The capacity of the emergency department automati-
cally doubles when it is located next to other hospi-
tal units, when waiting rooms are added, and when the
emergency department’s capacity is increased. Alterna-
tive care facilities, albeit with distinct access and depar-
ture doors, can be thought of nearby the EDs to maximize
their capacity during these occurrences.

Additional suggestions made for improving capacity
in healthcare facilities include the following: 1) creating
cohort and dedicated intensive care units for patients
who have experienced similar biological incidents; 2)
developing suitable procedures for pre triage, diagno-
sis, and isolation of suspected and confirmed cases of
the disease; and 3) providing training to all employees
on how to operate in the dedicated intensive care unit,
how to use personal protective equipment, and how to
manage patients. to work on all the principles of capacity
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enhancement, including space definition, supply provi-
sion, personnel recruitment, and temporary training of
specialized protocols for complete isolation of spaces,
staff, and patients to manage resources at the time of
biological incidents, hospitals also needed to collabo-
rate across multidisciplinary and intersectoral domains
[85]. Healthcare professionals and hospital administra-
tors must participate on multiple levels and in numer-
ous disciplines in order to reconstruct the entire hospital
emergency department admissions process and focus all
efforts on achieving a single objective. Daily updates and
discussions may be necessary for routine processes and
procedures.

Strengths and limitations
Broad search and systematic investigation on patient flow
management, which is one of the main challenges of the
health sector in the face of biological events.

the exclusion of non-English literature may result in the
omission of relevant literature, that caused a shortage of
resources available during the scoping review and We did
not investigate the social and cultural conditions affect-
ing the health system in the management of patient flow
in biological events.

Conclusions

The performance of the health care system is crucially
dependent on patient flow management during biological
incidents, as demonstrated by this review study. Even in
a pandemic, health treatment needs to be prompt, effec-
tive, safe, and focused on the patient’s needs. Managing
the flow of patients is difficult when health centers are
overcrowded, particularly during epidemics and pandem-
ics. identifying influencing factors of patient flow special
in Biological Events, could help healthcare providers to
understand and construct targeted interventions. Our
review found that patient flow management in biologi-
cal events is influenced by patient flow simulation mod-
els, risk communication management, integrated ICT
system establishment, collaborative interdisciplinary and
intersectoral approach, systematic patient management,
promotion of health information technology models,
modification of triage strategies, and optimal resource
and capacity management.
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