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Abstract:

Providing early health care services in natural disaster is one of the essential applications of telemedicine. This
narrative review aims to investigate the applications, advantages and challenges of telemedicine in natural
disaster-stricken areas. Medline (through PubMed), Web of Science (WOS), and Scopus databases were searched
for related articles published from beginning to 2022. The keywords used for the search included "telemedicine"
and "natural disaster." After removing duplicate papers, irrelevant review articles and letters to editors, 44 rele-
vant papers were selected and reviewed. Information sharing through audio, visual, and data-oriented services
is among critical approaches that telemedicine services mainly use. Teleconsultation, tele-education, remote
interpretation, tele-psychiatry, and tele-surgery are among measures that can be implemented in emergencies
like earthquakes, fires, floods, storms, and drought. The fundamental requirements of a telemedicine-oriented
system for providing emergency services in natural disasters include wireless scales, conversation tools, blood
pressure monitor, respiratory rate monitor, spo2 sensor, glucometer, portable ultrasound unit, wearable ther-
mometers, virtual stethoscopes, portable three leads electrocardiograph monitor, and digital otoscopes. Simple
telemedicine systems can have many advantages in the natural disasters. However, the main challenge in this
regard is to adapt the necessary communication systems to a telemedicine paradigm. Another critical challenge
is to interpret and apply the summary of acquired information and the inevitable interaction outcomes at the

required time and place.
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1. Introduction

Telemedicine is the use of electronic and digital technology
to provide medical and health care to patients living far from
the treatment center (1). The extent of these concepts is
such that telemedicine, before being regarded as a service,
is also considered as a culture of using the features of com-
munication to provide health care services (2). Telemedicine
approaches provide the possibility of improving the quality
and accessibility of health services regardless of geographi-
cal location. The following are four main factors that influ-
ence the provision of telemedicine aids; proper infrastruc-
ture, providers’ motivation, ongoing and continuous invest-
ment, and technical support (3).

Itis an undeniable fact that in conjunction with scientific and
health advances, pollution, diseases, potential dangers, and
natural emergencies threaten people, and to have a healthy
and disaster-free world, there is no choice but to use scien-
tific exchanges and joint interaction (4). Providing health
care services in natural disasters is one of the essential appli-
cations of telemedicine. In the event of disasters, local health
facilities can be severely damaged or local hospitals and clin-
ics may be spoiled or inaccessible, so various telemedicine
services can be used (5). On the other hand, the impossibil-

ity of communicating with the affected area has always been
one of the main problems facing health care delivery in nat-
ural disasters (6). Consequently, increasing the time of ren-
dering services to the affected people is considered a neces-
sity. Fortunately, with the advancement of technology, this
problem has been somewhat alleviated, and telemedicine is
now an approach to speeding up treatment, providing clin-
ical care and health care services to people in natural disas-
ters (7). In short, the lack of safety in the affected area, the
low number of physicians, and the lack of easy access to the
affected area to help the injured are the reasons for the im-
portance of telemedicine in natural disasters (8).

The main purpose of this narrative review is to investi-
gate the various applications, advantages and challenges of
telemedicine in natural disaster-stricken areas.

2. Evidence acquisition

This research was conducted in the form of a narra-
tive review. To analyze the papers related to the use
of telemedicine in natural-environmental disasters, Med-
line (through PubMed), Web of Science (WOS), and Sco-
pus databases were searched for related papers published

from 1980 to 23 April 2022. In this study, keywords such as
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UE1DRE Search strategy for databases

PubMed ("Telemedicine"[Mesh] OR “Telehealth”) AND ("Natural Disaster" [Mesh] OR “fire” OR "flood” OR “storm” OR
“earthquake” OR “drought”) Results=123
Scopus TITLE-ABS-KEY (("Telemedicine" OR "Telehealth") AND ("Natural Disaster" OR "fire" OR "flood" OR "storm"
OR "earthquake" OR "drought")) Results=397
Web of Sci- TS= ("Telemedicine "OR "Telehealth") AND TS = ("Natural Disaster" OR "fire" OR" flood" OR "storm" OR
ences "earthquake" OR "drought") Results=126

telemedicine and natural disaster were used for the search.
All articles dealing with the use of telemedicine in natural
disasters were accepted into the study. Our search strategy
is provided in Table 1.

Articles were included in this narrative review if they were;
1) original research, proceedings and reviews, 2) focusing on
the application of various telemedicine approaches in natu-
ral disaster-stricken areas, 3) using telemedicine services for
managing the victims, 4) published in English language, 5)
had no time limitation. The exclusion criteria were; 1) not
being related to the use of telemedicine services in natural
disaster-stricken areas, 2) being chapters, letter, reports, and
technical reports, 3) being non-English article, and 4) being
manuscripts in preprint phase. The flowchart of screening
phase is illustrating in Figure 1.

3. Results

After conducting the search, 646 papers were retrieved from
three scientific databases. We removed the duplicate papers,
irrelevant review articles, and letters and finally, 44 articles
that were relevant to the topic were selected.

3.1. Types of telemedicine services

Telemedicine and telehealth can be used in applications that
improve the quality of health services in disasters (9-11).
Telemedicine deals with different types of medical informa-
tion and different forms of communication technologies.

3.1.1. Information and voice services

The most straightforward telemedicine service is when a
healthcare professional consults with another specialist
over the phone. Extensive telephone service is perhaps the
most cost-effective consultation between mobile centers in
disaster-stricken areas and central hospitals in one country
or another (5, 7).

3.1.2. Information and visual services

Sending and receiving images: Video conferencing and
image transfer are perhaps one of the most common uses
of telemedicine. The more bandwidth would be provided
to the specialists, the shorter the loading time of the image
will be, and immediately after taking the medical images,
the specialists can receive them and, if necessary, analyze
and make decisions in case of emergency (12). After trans-
ferring the medical image, the image is received for more

interpretation. It is possible to produce digital images of
analog radiographic films with digital cameras or by using
film scanners (13, 14).

3.1.3. Information and data services

Online access to databases: Telemedicine allows patients’ in-
formation to be kept up to date, and physicians can easily
and remotely access patients’ information and make the nec-
essary changes to them. Telemetry is one of the approaches
of data services (13, 14). Telemetry is a concept of study-
ing and displaying the physiological functions of humans or
animals from distant and mobile centers. Today, teleme-
try systems focus on transmitting vital signals from remote
or mobile areas to medical centers and hospitals. In most
air services and other transportation systems, and also in
most emergencies (such as earthquakes, storms, floods and
fires), telemetry is one of the main ways of information trans-
mission. This information also provides the possibility of
medical advice online or offline, especially in an emergency.
NASA's first remote sensing experiments were performed by
physicians on Earth, which measured and demonstrated the
physiological performance of astronauts in space (15, 16).

3.2. Application of telemedicine services

3.2.1. Medical emergencies and assistance to the victims of
natural disasters

One of the most basic needs of countries is to provide health
services in emergencies. In a disaster, large groups of victims
usually move to other areas or larger cities to receive medical
care. Telemedicine services in these cases also provide
health care services to victims, and allows communication
with limited specialized centers (17). Communication in
It is essential to create a
communication platform between on-site specialists and

emergency services is crucial.

other experts that will meet the communication needs of the
two parties. Among the telemedicine services used in emer-
gencies, tele-consultation, tele-visit and telemonitoring and
tele-psychiatry (18) are more common among other types
(7, 13, 19-22). All telemedicine services can be categorized
into a store, forward and real-time based on their provided
services (5, 19, 21, 23).

3.2.1.1. Tele-consultation

One of the vital services of telemedicine is creating a con-
sultation opportunity between physicians and other health
centers. Consultation can be done in different ways and
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through different routes such as telephone lines, mailing
lists, and video conferencing. Teleconsultation may go
beyond simple counseling and may even involve treatment
(24). The transmission of images and information through
communication channels and providing a teleconferencing
environment is known as the core of mobile consulting. The
advantages of using telemedicine approaches in emergency
medical services, especially in natural disasters, have been
reported to be very effective (25).

3.2.1.2. Tele-education

Today, it has become clear that an efficient and effective in-
frastructure in healthcare requires access to experience staff
and advanced equipment to train specialist groups and gen-
eral public. Education can increase the detection of diseases
in the early stages and reduce the need for medical inter-
vention (14, 19). Telemedicine inherently provides a good
platform for teaching and learning services. Tele-education
includes distance education, access to distance information,

and health education at the community level. Some of the
outcomes of tele-education in natural disaster-stricken areas
include; increasing the awareness of affected communities
in health care and improving the exchange of information
between health centers and specialists in the fields (11, 25,
26).

3.2.1.3. Remote interpretation

Remote interpretation is a subset of telemedicine (the
storage and sending type), which involves storing images
and other data in one place and transferring them to other
centers for interpretation. Areas may include radiography
(teleradiology), teleophthalmology, telepathology and tele-
cardiology.

A. Teleradiology is by far the largest field of remote inter-
pretation and the largest field of telemedicine. With the
development of imaging and communication archive system
that receives, stores, transmits and displays digital radiology
images, the line between remote radiology and traditional
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radiology has become blurred (13, 27, 28).

B. Telepathology can be divided into three groups according
1) Static
telepathology, which is performed by fixed images sent in
different ways. 2) Kinetic telepathology, which includes the
ability to monitor the microscope at a distance instead of
sampling (full resolution images are sent either statically

to the organization and interaction of images:

or live, or both simultaneously). 3) Dynamic telepathology,
which includes the second part plus the possibility of having
color images without simultaneous compression (17, 21, 22,
29-31). The requirements of this system include; 1) multi-
media database for storage, 2) color images with sufficient
resolution, 3) active color control (at least knowledge of
color theory is needed to understand different instantaneous
answers with gamma correction), and 4) controlled sampling
(sampling performed by another person or spontaneous
sampling), (21, 32, 33).

C. Telecardiology: Today, patients use small devices to send
their heart signals to medical centers. The telemetry system
that operates in this field transfers information in three
stages of generating signals (electrical, etc.), transmitting
information, and converting information into interpretable
form and improving the information (10, 18, 37).

3.2.1.4. Telepsychiatry

Telepsychiatry is defined as the provision of psychological
care and the exchange of mental care information in remote
and disaster-stricken areas, which, like other branches of
telemedicine, is done in three ways: 1) storage and sending,
2) real-time and 3) hybrid (combination of the previous two
methods), (24, 26, 34). One of the benefits of telepsychiatry is
the provision of counseling in psychiatric emergencies. Since
the morale of victims is very low during disasters, the use of
these remote services is considered to be very important (14).

3.2.1.5. Telesurgery
Surgeon robots: For remote surgery, medical images taken

from the patient must be scanned, digitized, and then sent
to the physician (35). After sending medical images and vi-
tal signs to the physician and the physician’s complete diag-
nosis, a satellite connection is established between the spe-
cialist and the injured person (3, 20, 36). The physician re-
ceives images of the patient in real-time. Under the control
of a specialist, the robot arms begin the surgery immediately.
The environment should be away from any shaking and vi-
brations during the surgery. The arms should be perfectly
precise and intelligent, and the telecommunication platform
should have a high speed (27).

3.3. Communication technologies for
telemedicine services

Telemedicine applications are based on audio and video con-
ferencing, multimedia communications, and data transmis-
sion with low, medium, and wide bandwidth equipment.
Communication technologies are divided into three cate-
gories. Figure 2 presents the minimum communication
technologies. The minimum requirements of telemedicine-
based system for providing emergency services are given in
Table 2 (2, 22, 37-40).

e Communication for video conferencing - (Integrated Ser-
vices Digital Network: ISDN) and Satellite networks)

» Data transfer between medical centers and hospitals (radio-
graphic images)

¢ Data transfer between physicians and other people at the
same time in the form of conversation (The Global System
for Mobile Communications: GSM) and (General Packet Ra-
dio Service: GPRS)

¢ Application for portable hospitals (satellite systems, mobile
networks and GSM) (3, 10, 12, 41).

3.4. Advantages of using telemedicine in
disaster-stricken areas

The primary purpose of telemedicine is to provide high-
quality health care to people who do not have access to ser-
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YE1D P Minimum requirements of telemedicine-based system development in natural disasters

Minimum requirements

Descriptions

Data server: data analysis, storage, data A database server performs tasks such as data analysis, storage, data manipulation,

manipulation, archiving, and other tasks
using client/server architecture (32, 37).

archiving, and other tasks.

Personal identification tools (31, 34, 53).

Patients, doctors and nurse’s authentication tool like voice Recognition, fingerprint

scanning, facial recognition.

The receiver module (14, 21)

Tiny electronic device used to transmit and/or receive signals between various

devices.

Wireless scales (18, 39, 42).

Asymmetric Digital Subscriber Line (ADSL), Fiber-optic network, Cellular Mobile

Communication, 3G-Wideband Code Division Multiple Access, CDMA2000,

CDMA-evdo, 4G Long Term Evolution (LTE).

Display tools (30, 34, 54, 55).

Laptop, Smart tablet, Smart phone, Personal digital assistant

Conversation tools (15, 30, 31, 42, 55).

Web camera, telephone, High-quality cameras

Blood Pressure meter (11, 26, 30, 34, 49).

A sphygmomanometer, also known as a blood pressure monitor, or blood pressure

gauge, is a device used to measure blood pressure.

Respiratory Rate meter (11, 26, 30, 34, 49).

The respiration rate is the number of breaths a person takes per minute.

Spo2 sensor meter (10, 18, 34).

Pulse oximetry is a noninvasive test that measures the oxygen saturation level of

blood.

Glucometer (36, 37, 44).

A "glucometer", is a medical device for determining the approximate concentration of

glucose in the blood.

Portable Ultrasonographic unit (30, 38, 48). A modality of medical ultrasonography that utilizes small and light devices which can

move in emergency situation.

Wearable thermometers (13, 32, 37).

Smart devices for measuring body temperature.

Virtual stethoscopes (22, 27, 46, 50).

It functions like a regular stethoscope and Otoscope except they plug into

smartphone or tablet to be used during emergency situations.

Portable three-leads electrocardiograph
monitor Benner.

An ECG with only 3 electrodes has three leads.

Digital otoscopes (15, 46, 52).

A portable digital camera is applied to view a patient’s ear canal through the

micro-camera in the device’s tip.

vices due to environmental conditions. The advantages of
using and developing telemedicine are categorized into four
main categories, which are given in Table 3 (5, 27, 28, 30, 37,
42).

3.5. Using telemedicine services at different
times after the natural disaster

Diverse types of telemedicine techniques have various appli-
cations in different time periods in the face of disasters.

1) Short-term:

Providing diagnostic-therapeutic services for 72 hours after
the disaster: It is preferable to use emergency programs dur-
ing this period, including emergency surgeries, to rescue the
injured and restore vital signs (25, 34, 38). Two-way inter-
active television (TWIV) is a tool that is used in cases where
face-to-face counseling is needed. This method is considered
for short-term emergency surgeries in cases where we do not
have access to a specialist (3, 33).

2) Medium term:

From 72 hours to one week is considered a medium-term ser-
vice period. During this period, the injured are undergoing
surgery and non-emergency treatment. Store and forward
methods are used to transmit and interpret digital images.
This method is usually used in non-emergency situations, so
that a diagnosis is made with consultation within 48 hours of
the disaster (5, 7, 33, 43). In times of crisis in the face of nat-

ural disasters, satellite communications can be a reliable and
accessible communication tool that is fully efficient, regard-
less of the severity of accidents and damage (10).

3) Long-term:

It lasts from a week to months and even years until the com-
munity’s various activities are re-established (5). During this
period, the process of rehabilitation and recovery of the in-
jured is performed. In this time, telemedicine can provide a
variety of routine medical advice to affected areas. Two-way
interactive television (TWIV), in the long run, is employed
to rehabilitate the injured, both physically and mentally (44,
45).

3.6. Ethical considerations of using
telemedicine in disasters

3.6.1. The relationships between patients and care
providers

Given that traditional medicine is based on the physician-
patient relationship, personal and confidential relationships
have many socio-cultural effects on the patient (20, 33,
46). Therefore, in all types of telemedicine services, the
nature of patient-physician confidential relationship may be
compromised. In the event of a natural disaster, direct con-
tact with the service provider may not be established (47).
Thus, in a natural disaster, in the case of using telemedicine
services and the physical distance between the patient and
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The benefits of using and developing natural disaster telemedicine

Key factors Sub-factors

Reduce in costs - Cost-effective service delivery

Reduce - Reduce waiting times for victims to receive treatment
treatment time - High speed in providing services to the injured patients

- Ability to provide services regularly without wasting time

- Availability of facilities for specialists to guide examinations and care in natural disaster-stricken areas

Expand access

- Better access to physicians and specialists for treatment advice

- Reduce the transfer of the injured to distant medical centers

- Improving the quality of medical care for the injured
- Primary health education for people in natural disaster-stricken areas

Improve the quality
of treatment

- Reduce the psychological stress of the victims and survivors of the disaster
- Reduction of patients’ anxiety and depression

- Patient satisfaction improvement

- Morbidity reduction

U1 S Limitations of studies and obstacles of telemedicine in natural disaster

Reported limitation or obstacles

References

Lack of access to technology

(9), (46), (3), (34), (48)

Poor technology related literacy

(32), (38), (47), (46), (49)

Infrastructural deficient

(40), (27), (38), (34)

Poor reimbursement system

(56), (52), (59), (20

Lack of legislation and policy in telemedicine

(24), (53), (45)

Lack of sufficient systems

27), 27), (11)

Lack of clear guideline on reimbursement for primary and secondary care services

(40), (49), 2

Insufficiently robust internet connections

(53), (37), (19)

Bandwidth limitations

(27), (34)

Security and privacy concerns: protecting medical data

(37), (55)

the doctor, the psychological distance between the two is
also considerable (34).

3.6.2. Equal access to all telemedicine services

One of the first demands for setting up telemedicine in
natural disaster-stricken areas is to provide high-bandwidth
technology infrastructure such as Internet. Considering that
disasters, network infrastructures, and technological-based
requirements may be destroyed in natural disaster, applying
telemedicine services is definitely challenging (11, 18, 31,
38). Therefore, health care providers should consider the
inconsistency the lack of telemedicine-based technologies
for a while.

3.6.3. Involvement of all people (dignity)

All people in the natural disaster-stricken areas (end users)
such as patients and physicians should be involved in using
telemedicine services and trust these services (10, 17).

3.6.4. Resources/standards for care and treatment
Providers of telemedicine services in natural disaster-
stricken areas need to effectively understand the limited
resources of concerned communities and use common
remote care standards (11, 16, 38).

3.6.5. Confidentiality and privacy

HIPPA rules and regulations protect the principles of safe
implementation of telemedicine services in any disaster-
stricken area (48). However, in a disaster, privacy and
confidentiality standards may be violated by the service
providers (13, 19). Nevertheless, in any case, the nature of
telemedicine is to reduce the potential risks of privacy and
confidentiality and develop robust strategies.

3.6.6. Full authority to patients in the event of disasters
(autonomy)

All patients have the right to make informed decisions about
their care process, including a proper understanding of
the function of telemedicine (6). By choosing a treatment-
diagnostic method (based on telemedicine or traditional),
each patient can maximize his / her benefit from care and
treatment and minimize the burden imposed on the medical
system in critical situations (33, 37, 48).

3.6.7. Establishing justice and equality among victims

The occurrence of disasters leads to severely limited re-
sources. Telemedicine in catastrophic conditions determines
the fair distribution of health care resources between the
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affected people (7, 18, 34). Telemedicine service providers
decide how to distribute specific resources in natural
disaster-stricken areas, such as providing specialty-oriented
tele-consultation services, due to infrastructure constraints
and lack of access to technology (24, 26, 49).

3.6.8. Non-maleficence

Risks in disaster telemedicine include; involving unautho-
rized health care providers, leaving the patient after con-
secutive visits, using technology for commercial purposes,
doctors’ irresponsibility in decision making, misdiagnosis,
and taking decisions incorrectly by specialist (17, 24, 26, 31,
49).

3.6.9. Truthfulness and loyalty of health care providers in
telemedicine

Telemedicine-based medical care services in the event of nat-
ural disasters should be provided in good faith to all pa-
tients involved and the affected community. In a resource-
constrained environment, the loyalty of treatment team to
the use of telemedicine services leads to the use of all avail-
able resources in the best way to treat traumatized patients
(12, 46, 50, 51).

3.7. Limitations and challenges of using
telemedicine in natural disasters

Although the effectiveness of telemedicine in disaster man-
agement is crystal clear, there are many obstacles in this re-
gard. While almost every article included in this study made
at least one point about how helpful telemedicine is, some
of them also declared what it costs to get to the place where
they actually are, or why they already are not a part of health
care systems in disasters. Table 4 indicates the limitation of
using any form of telemedicine in disaster management.

4, Discussion

Immediate action in natural disasters is made possible by us-
ing telecommunications and information technologies. The
main goal of telemedicine is to provide high-quality services
to help damaged and injured patients and provide optimal
treatment in the shortest possible time. The main purpose
of this article is to introduce the types of telemedicine ser-
vices, uses, benefits, challenges, and ethical considerations
of using telemedicine services. Telemedicine deals with dif-
ferent types of medical information and different forms of
communication technologies. Information sharing through
audio, visual, and data-oriented services is among critical ap-
proaches that telemedicine services mainly use (51).

The results of related articles show that tele-consultation,
tele-education, remote interpretation, tele-psychiatry, and
tele-surgery are among telemedicine services that can be
used in emergencies like natural disasters (6, 19). The essen-
tial requirements of a telemedicine-based system for provid-
ing emergency services include wireless scales, conversation
tools, blood pressure monitor, respiratory rate monitor, spo2

sensor, glucometer, portable ultrasound unit, wearable ther-
mometers, virtual stethoscopes, portable three leads electro-
cardiograph monitor, and digital otoscopes (6, 19). Accord-
ingly, the general framework for telemedicine in natural dis-
asters is outlined in Figure 3.

As expected, the use of telemedicine services in the event
of natural disasters has many challenges and obstacles, in-
cluding the lack of familiarity with telemedicine technology,
the need for complex technical and electronic infrastructure,
high cost of equipment, methods of information security, the
need for legal methods for pursuing errors (5, 33, 41, 50)
and negligence of telemedicine, issues related to insurance
companies, patients’ fear in using this method, fear of some
physicians, and the occurrence of medical errors (23).
Preserving privacy and confidentiality in patient care in
telemedicine at disaster settings may be challenged (4, 5, 33,
41, 50). The telemedicine interface can pose risks to both
privacy and confidentiality in patient care. In a complex
telemedicine scenario, the requirements and responsibilities
are alternately divided between the telemedicine consultant
and the local physician (11). These services must be pro-
vided in a private environment via a digital line. The con-
sumer should be adequately educated about the nature and
purpose of the tools used, and also the possibility of leak-
ing confidential information to patients using these tools.
The lack of legal and ethical standards decreases the suc-
cess of telemedicine and electronic medicine in natural dis-
asters (43, 52, 57). Therefore, health organizations and gov-
ernments must be able to act under ethical principles within
the set standards, and also privacy and confidentiality con-
siderations must also be respected (48).

5. Conclusion

Due to the increasing development of information and com-
munication technology and its application in the medical in-
dustry, telemedicine technology is one of the topics of infor-
mation and communication technology in medicine that has
many benefits for service providers and consumers in soci-
ety. Simple telemedicine systems can often bring benefits in
the event of disasters. The main challenge is to adapt the nec-
essary communication systems to a telemedicine paradigm.
Another critical challenge is to interpret and apply the sum-
mary of acquired information and the inevitable interac-
tion outcomes at the required time and place. Planning for
telemedicine should commence before the occurrence of a
disaster. Mobile technology can be adjusted to regional de-
mands, and training exercises should involve the participa-
tion of local healthcare providers. At post-disaster time, re-
source constraints, loss of medical communications and in-
frastructure, limited access to assets, and lack of trained local
personnel are significant barriers to telemedicine use.
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