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ABSTRACT

Background: Hypothermia in newborns that is not treated properly will lead to respiratory failure
and death. Hypothermia in newborns is 4 times more dangerous than hypothermia in adults. Care
in the delivery room plays an important role in it. Neonatal service technology in the delivery room
must be responsive, able to monitor and effective. Artificial intelligence can help determine
management as needed. This study aims to analyze and examine the management of hypothermia
in newborns based on artificial intelligence using the systematic review method.

Subjects and Method: This study is a systematic review with PICO including: (1) Population:
newborns; (2) Intervention: artificial intelligence; (3) conventional hypothermic treatment; (4)
Artificial intelligence is feasible to be used in the management of neonatal hygiene. The databases
used are Google Scholar, PubMed, Science Direct, and Proquest. The inclusion criteria include
fulltext in Indonesian and English with the study subject of newborns with hypothermia. The
exclusion criteria for this study are articles published under the last five years.

Results: A total of 9 articles show that the existence of artificial intelligence can provide feedback
support in the prevention of hypothermia efficiently and facilitate effective treatment.
Conclusion: Hypothermic prevention feedback with artificial intelligence Fuzzy logic can save time
and facilitate appropriate treatment.
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BACKGROUND days of age. Hypothermia incidence in low-

The proportion of neonatal hypothermia income countries occurs in almost every
incidence in hospitals is very large, even primary delivery 5 minutes after birth, even
27/1000 live births. It is cited as one of the up to the next 24 hours (Phoya et al., 2020).
biggest causes of infant mortality up to 28 Hypothermy is a predictor of the risk of
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illness and death, especially in preterm neo-
nates. Regular monitoring of body tempera-
ture is a critical and major factor (Trevi-
sanuto et al., 2018). The most effective type
of hypothermic preventive intervention is
not yet known, although it is closely related
to an increase in core body temperature in
neonates. So far, thermal treatment inter-
ventions can reduce the risk of moderate to
severe hypothermia. Limited resources have
a prevalent role in maintaining core body
temperature (Abiramalatha et al., 2021) not
yet using artificial intelligence.

The transfer of body heat of a newborn
to its surrounding surfaces needs to be
considered for its survival (Hannouch et al.,
2020). Conventional treatments are used as
a barrier to remove body heat only, in
addition to interventions can be in the form
of skin-to-skin treatments, incubators, ther-
mal mattresses, and PCMs. The additional
intervention of Embrace warmer is much
more useful in preventing hypothermia
during transportation, especially short-term
even though artificial intelligence has not
been used. Moreover, so far it is still not
possible to rely on the properties, types,
thickness, and environmental temperature
of fabrics without additional warming.
However, it is still recommended because
clothing covers all of the baby's body for skin
color, heart rate or chest wall retraction.
Clothes are inherently soft and get wet easily
because urine can spark evaporation
(Morgaonkar et al., 2020).

Heat transfer with multiple radiation,
evaporation, conduction and convection
pathways is a way to achieve the goal of com-
fort through heat preservation and release
(Kalaoglu-Altan et al., 2022). Homeother-
mic traits in newborns are less efficient than
in adults, especially when exposed to extre-
me environments, while this is reflected in
the results of interventions during emer-
gency transportation and evaporation risks.
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Unorganized transportation endangers the
sustainability of the warm chain, so critical
that it causes the physiological status to dec-
line. Short-term referrals in sick newborns
need attention, as well as thermal care as a
routine care pattern.

The occurrence of complications that
often appear in the early period of birth
causes the baby's mother to be unable to
accompany to refer the baby. This is because
of the condition of the body after giving birth
besides her family who are unable to
support. Although the transfer in utero con-
tinues to be sought, there are still neonates
in it (Morgaonkar et al., 2020). Pre-referral
care, emergency transportation access,
ambulance characteristics and measures to
ensure that the red thread of referral is
required cannot be underestimated. Trans-
port incubators have not used artificial
intelligence and are not widely used, instead
neonates are referred to using local clothes
and only a few in KMC (Kiputa et al., 2022).
Transportation even if it is short can be a
stressful period for the baby (Kumar et al.,
2022). The decrease in the prevalence of
hypothermia occurs within 24 hours of
delivery (Trevisanuto et al., 2018), this
figure is critical.

Hypothermy results in a high preva-
lence of neonate deaths, as much as 80% for
every 1°C temperature drop especially in
low-income countries, although outcomes
vary by agency. Newborns have the potential
to suffer from hypothermia 4 times more,
especially in premature babies due to the
lack of temperature-controlling nerve
mechanisms, thinner skin and unstable
hypothalamic function. Thermal protection
includes essential neonatal services after
birth. Almost all are aware that the prevent-
ion of hypothermia is especially important
in preterm infants, infants with a history of
vaginal delivery, and referred neonates,
although until now many studies have stated
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that referred neonates have been proven to
have hypothermia when dating (Urubuto et
al., 2021). Neoanal health problems, prema-
turity and the mother experiencing compli-
cations until childbirth at night will increase
the risk of hypothermia. Warm transpor-
tation, the use of hats and skin to sin contact
give a higher chance of hypothermia being
resolved. The temperature of the maternity
room can be determined to maintain its
stability and humidity (Bayih et al., 2019).
Healthcare facilities, obstetric care
and neonatal conditions are strongly linked
to the incidence of hypothermia affecting
most neonates in Ethiopia (Girma et al.,
2021). The recognition of early contact is
increasingly massive and growing, although
the safety still needs to be studied. No diffe-
rence in age or body temperature of new-
borns was found shortly after delivery to
determine the dose of hypothermic response
to death. The incidence of hypothermia
lasted 12 hours in 55% of preterm neonates
and from normo or hyperthermia to hypo-
thermia at that time (Clarke et al., 2021). As
many as 80% of neonates preterm hypo-
thermia (Demtse et al.,, 2020) with an
overall prevalence of 32% to 85% but rarely
recognized and poorly monitored. In addi-
tion to inadequate temperature measure-
ments during resuscitation or referral, the
vigilance of care personnel against hypo-
thermia is also lacking (Yu et al., 2020).
Generally, the officer is not aware of
hypothermia and with a sparse duration of
examination, it is very likely that hypo-
thermia will occur without symptoms that
are not easily seen. Technological advances
that aid in the transition of babies in the
delivery room often lag behind intensive
care units (Batey et al., 2022). The number
in a thermometer should be immediately
recognized as an emergency that needs
analysis. The analysis for neonate safety is
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greatly influenced by the expertise, compe-
tence and skills of health workers (Kiputa et
al., 2022). The success of hypothermic treat-
ment is influenced by the speed of recogni-
zing the situation, the accuracy of diagnosis
and assessment by health workers and
decisions by the family. Failure of early
detection increases the burden on hospitals
with high oxygen needs to the valuable use
of CPAP (Urubuto et al., 2021). Interest in
technology and artificial intelligence has
grown, but it has rarely been applied to the
management of hypothermia in neonates.
Artificial intelligence can help healthcare
workers make fast, accurate, and useful
decisions (Aini et al., 2019), accelerate diag-
nosis (Gojak et al., 2022) with data as the
key (Simbolon et al., 2020). It has the ability
to think intelligently similar to the human
brain (Oktaviana et al.,, 2020) reduce
unnecessary error variability (Cramer et al.,
2022).

SUBJECTS AND METHOD

1. Study Design

The study design used is a systematic review.

Systematic review is a study method that

summarizes the results of primary studies to

present more comprehensive and balanced

facts. The selected article is a study article

that has a similar correlation with the study

topic.

2, Steps of Systematic Review

Systematic review is carried out through the

following 4 steps:

1. Formulate study questions using the PICO
model

2. Look for major review articles from elec-
tronic databases such as Google Scholar,
PubMed, Science Direct, and Proquest.

3. Screening and critical assessment of pri-
mary studies.

4. Interpret the results and draw con-
clusions.
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3. Inclusion Criteria
The inclusion criteria in this systematic lite-
rature review study are artificial intelligence
in the management of hypothermia in new-
born babies who use Indonesian and English.
4. Exclusion Criteria
The exclusion criteria in this systematic lite-
rature review study are publication periods
under the last five years that do not discuss
artificial intelligence in preventing hypo-
thermia in newborns or that are not in accor-
dance with the study topic.
5. Operational Definition of Study
Artificial Intelligence (AI) is a branch of
computer science that focuses on creating
machines or computer programs that are
capable of performing tasks that typically
require human intelligence. It includes a
variety of activities such as language com-
prehension, learning, speech recognition,
problem-solving, and decision-making. Al
can be divided into two main categories:
narrow Al (or applied AI), which is designed
to perform specific tasks, and general Al,
which has the ability and general under-
standing of a human. AI has applications in
many fields, including medicine, automotive,
finance, video games, and more, offering
great potential for innovation and efficiency
improvement.

Artificial intelligence (AI) is feasible to

use in the management of hypothermia in

newborns for the following reasons:

1. Early detection and accuracy, AI can
analyze various health parameters in real-
time with high accuracy. This allows for
early detection of hypothermic conditions,
even before clinical symptoms appear, so
that measures can be taken early to
prevent complications

2. Personalization of care: by using machine
learning algorithms, Al can tailor treat-
ment recommendations based on each
baby's unique characteristics, such as
birth weight, gestational age, and other
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health conditions, ensuring that each baby
receives the most suitable treatment.

3. Continuous monitoring, Al enables conti-
nuous monitoring of baby health without
interruption, ensuring that changes in
baby body temperature are detected and
responded to quickly.

4. Complex data analysis: Al is capable of
processing and analyzing large and com-
plex volumes of data from various sources,
such as electronic medical records, health
monitors, and environmental data, to
identify risk factors and health trends that
may not be visible to humans.

5. Supporting clinical decisions, artificial
intelligence systems can provide evidence-
based recommendations to healthcare
professionals regarding the best treatment
measures. This helps in quick and effective
clinical decision-making.

6. Education and training, AI can also be
used to train and educate health workers
on best practices in managing hypother-
mia in newborns, based on the latest data
and continuously updated algorithms.

7. Cost Efficiency: The use of Al can improve
healthcare efficiency by reducing the time
required for diagnosis and decision-
making, as well as potentially reducing the
need for more expensive and invasive
medical interventions.

8. Studies and development, data collected
through AI applications can be used for
further studies on hypothermia in new-
borns, aiding in the development of better
treatment guidelines and innovations in
medical management.

With its vast capabilities, Al offers great
potential to improve the management of
hypothermia in newborns, save lives, and
reduce the burden on the health system.

Some of the artificial intelligence that is
feasible to use in the management of new-
born hypothermia are computer vision, arti-
ficial neural networks, Fuzzy Logic, Neural
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Network, and thermostat automation.
6. Study Instruments
A study instrument is defined as a tool to
assist researchers in collecting study data.
This study instrument uses documentation.
Documentation is a data collection method
that produces important records related to
the problem being researched and then com-
plete and valid data is obtained. The docu-
mentation in this study is by looking for pu-
blication journals that contain an outline or
category according to the variables studied.
The literature that was documented and
identified was through Google Scholar 224
articles, pubmed science direct and proquest
228 articles with a total of 512 articles, then
articles discussed through title, year and
silence amounted to 67 articles, and articles
that were complete in the feasibility test
amounted to 31 articles, and eligible articles
amounted to 9 articles.

7. Data Analysis

The data was analyzed by grouping the data
according to variables and presenting the
researched data to answer the objectives of
the study. The study uses a qualitative
method by organizing the data, finding what
is important and what can be interpreted.
The data analyzed was sourced from the
results of literature studies from journals
taken from Google Scholar, PubMed, Scien-
ce Direct, and Proquest, then the researcher
analyzed the journals obtained to draw
conclusions.

RESULTS
The search and selection process of litera-
ture in this review is illustrated in the form
of a Flow diagram Preferred Reporting
Items for Systematic Reviews and Meta-
analyses (PRISMA) (Figure 1).

Literature identified
via Google Scholar

(n = 224)

A 4

Literature identified through
PubMed, Science Direct, and

Proquest (n=288)

v

Literature identified via Google Scholar, PubMed,
Science Direct, and Proquest (n = 512)

v

Literature screened by
title, year and

completeness (n =67)

v

Complete articles are
tested for eligibility

A\ 4

Literature that meets

Excluded literature (n=445)
1.
2. Incomplete Articles (167)
3. Duplicate Articles (39)

Titles >5 years (239)

Excluded literature (n=22)

1. Title mismatch (9)
2. Less on-topic (13)

A 4

the inclusion criteria

BN

Inclusion Criteria:

Journal published < the last 5 years
Content that matches the title

Using Indonesian and English
Journal on artificial intelligence in the
management of hypothermia in

Figure 1. PRISMA flow diagram
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newborns, artificial intelligence technology
can be used.

Table 1 explains that the results of the analy-
sis show that from nine journals, it was found
that in the management of hypothermia in

Table 1. Summary of primary studies on the role of Al in hypothermic infant care

Author Population Speakers Comparison Outcome Conclusion
(Year)
(Batey et al., Neonatesin Computer Kangaroo Computer vision vision and Arti-
2022) the delivery  visionand method and Artificial ficial neural net-
room Artificial hypothermic  neural networks work as a tool
neural treatment are feasible for use Conventional
networks in hypothermy and hypothermic
oxygen saturation  treatment of BBL
management respiratory resus-
citation and BBL
temperature
assessment
(Gojak et al.,  BBL with Artificial Conventional  Artificial neural Disease progress-
2022) neonatular neural hypothermic  networks are ion prediction,
sepsis networks treatment suitable for usein  early diagnosis
measuring body and early access
temperature, CRP  to antimicrobial
levels, leukocyte therapy in
count and platelet  patients with
levels neonatal sepsis
(Lietal., BBL Fuzzy logic Conventional Fuzzy logic and A type of algo-
2023) hipotermi and Neural hypothermic  Neural networks rithm that is
network treatment are feasible to often used is
adjust the baby's Fuzzy Logic to
body temperature  turn the thermal
Sensor power on
and off
(Wangetal., BBL Fuzzy Conventional  Fuzzy logic for Optimizing
2021) hipotermi Logic hypothermic  thermal sensor thermal sensor
treatment allocation optimi-  allocation
zation using a
simple ring
oscillator on an
FPGA Chip is
feasible for use in
hypothermic
infants
(Ramadhanty diagnosis Fuzzy Conventional  Fuzzy's logic as a Detecting the
and ikterus Logic hypothermic  website-based severity of
Puspitasari, neonaturum treatment neonatal jaundice  jaundice
2022) diagnosis informa-
tion system is
suitable for use in
infants with hypo-
thermia
(Sabariman BBL Fuzzy Conventional  baby monitoring Interprets the
and hipotermi Logic hypothermic  feature with IOT combination of
Control treatment on Grashoft Type  infant weight
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Author Population Speakers Comparison Outcome Conclusion
(Year)
Nofriyadi, G — 62 incubator,  input and cabin
2022) suitable for use in ~ humidity to
monitoring heart  adjust the ideal
rate, body cabin
temperature, temperature for
humidity and the infant
cabin temperature
(Fauzi et al., BBLR and Thermosta Conventional Thermostat Auto- Thermostat can
2023) premature t control hypothermic  mation for Con- be used to get the
babies treatment trolled Tempe- upper & lower
rature in Simu- limit temperature
lated Incubator that has been
can be used to Determined
obtain the upper & incubator
lower limit tempe-
rature of the
incubator
(Prasojoand  BBL Fuzzy Conventional = Fuzzy Logic Incubator
Suprianto, hypothermia Logic hypothermic  Controller is temperature
2019) Controller treatment suitable for usein  handler suitable
baby temperature  for the baby's
control weight
(Setiawan et BBL Fuzzy Conventional = Fuzzy Tsukamtois Decision support
al., 2018) Tsukamto  hypothermic  suitable forusein  system prototype
treatment the detection of Detection of the
baby conditions baby's condition
DISCUSSION is expected is wireless to make maintenance

These nine articles mention that artificial
intelligence can be used in the management
of hypoyermyosis in newborns. Batey in his
study discusses the importance of the rela-
tionship between artificial intelligence-
based technology for newborn monitoring
and care in the delivery room to reduce the
number of high-risk illnesses to death.
Researchers recognize that there are major
and unique challenges in the transition
period of neonates in the delivery room by
focusing on renewable technologies and best
practices. The thermoregulation process is
given an additional intervention in infants
<32 weeks with thermal mattresses. The
researchers mentioned the importance of
further studies on the algorithm generated
by electrical impedance tomography for
premature babies. Artificial neural networks
are used at the time of resuscitation with the
trainer using video. The new equipment that

www.thejmch.com

easier and remain comfortable to use in the
kangaroo method, facilitate family integra-
tion maintenance, informative presenting
temperature output, heart rate, oxygen satu-
ration. Sensor screens are small and light
(Batey et al., 2022).

Gojak mentioned in his study on in-
fants with cases of neotonatory sepsis. The
use of artificial intelligence in diagnosing to
overcome the difficulties of caring for new-
borns with complications that initially re-
quire high resources in both case recogni-
tion and treatment. Artificial neural net-
works were selected in the study with a
database as parameters in the form of body
temperature, CRP levels, leukocyte count
and platelet levels. The number of babies
included in the study was 1,000 babies with
200 healthy subjects and the rest sick
babies. This algorithm is used to map the
types of disease cases. Sensitivity, specificity
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and accuracy reach more than 90% in pre-
diction, diagnosis and precision of therapy.
Researchers expect further studies that
allow for early detection before the clinical
picture emerges (Gojak et al., 2022).

Li et al. (2023) mentioned that Fuzzy
Logic is one of the popular types of artificial
intelligence. Fuzzy logic is easy in appli-
cation and technical use. Generally used for
energy center control. Another purpose that
has been studied is to minimize power con-
sumption in the operation of equipment and
power supply. The information mentions for
power fault compensation the need of the
tool. Reduced power production load using
ANFIS. A general explanation of fuzzy logic
is used when it comes to selecting the energy
load supply, energy charging-discharging
and turning the load on-off. However, this
method requires electrical information.
Fuzzy logic can estimate actions based on
approximate data adjusted to the most
recent data to display actions quickly in a
neural network (Li et al., 2023).

Wang (2021) uses Fuzzy Logic for ther-
mal sensor allocation optimization using a
simple ring oscillator on an FPGA Chip. The
use of the incubator requires the duration
and temperature settings to be adjusted
immediately in the unstable condition of the
baby. Yavuz in Yeller (Yeler and Koseoglu,
2022) mentions the creation of a cooling
helmet in cases of neonatal therapeutic
hypothermia with Fuzzy logic of heat and
cool control. Anatychuk et all in Yeler set up
programs and algorithms to calculate how
much time and flow a thermoelectric con-
version device needs on medical devices
(Wang et al., 2021).

Ramadhanty 2022 uses Fuzzy Logic as
a website-based neonatal jaundice diagnosis
information system, so diganosis can be
done from various places and flexibly accor-
ding to the desired time so that the diagnosis
process can be carried out quickly and
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precisely using the fuzzy logic of the Sugeno
method. The testing method is carried out
using the Black Box and UAT (User Accep-
tance Testing) methods. UAT testing is a test
carried out to determine the level of user
acceptance of the system (Ramadhanty and
Puspitasari, 2022).

Sabariman in his study discussed the
automatic temperature control system and
baby monitoring features with IOT on the
Grashoft Type G - 62 incubator. Using Fuzzy
Logic, the baby's weight and cabin humidity
are set as inputs. In the time function, the
parameters controlled during the operation
of the baby incubator are weight, heart rate,
body temperature, humidity and cabin
temperature. All of these parameter values
are then transmitted in real time through
the Internet of Things (IoT) features
embedded in the system. The Kalman Filter
method is applied to reduce errors in load
cell weight sensor readings. The control
system successfully interprets accurately a
combination of inputs in the form of baby
weight data and cabin humidity to then
adjust the ideal cabin temperature for the
baby (Sabariman and Nofriyadi, 2022).

Fauzy in his study discussed Thermos-
tat Automation for Controlled Temperature
in Simulated Incubator. The thermostat can
be used to obtain the predetermined upper
& lower limit temperature in the incubator.
Furthermore, the simulated incubator has a
relay lock that functions to prevent the
device from being damaged due to unstable
electricity flow from the power source. In
addition, this simulated incubator can
specifically be used in the reality of the
incubator system in the incubator device to
treat premature birth or low birth weight
(BBLR) (Fauzi et al., 2023).

Prasojo in his study reviewed the
Design and Design of a Temperature Control
System for Baby Incubators Based on Fuzzy
Logic Controllers. The system test was
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carried out with a temperature stability tole-
rance of +0.10C and was carried out in 2 test
stages, namely the test without a controller
and the test using a Fuzzy controller. The
test was carried out with an ambient tempe-
rature outside the incubator between 250C
— 260C, which can be seen at the initial
temperature in each setpoint test. Because
at that point the temperature outside the
incubator is the same as the temperature
inside the incubator. The Fuzzy controller
test had a higher error, but had a steady light
of light. While testing without a controller
has alower error, but constant dim light can
reduce the comfort of the baby (Prasojo and
Suprianto, 2019).

Setiawan in reviewing the prototype of
the decision support system for detecting
baby conditions with fuzzy tsukamoto. The
Tsukamoto method is an extension of mono-
tonous reasoning. In Tsukamoto's method,
every consequence of the IF-THEN rule
must be represented in a Fuzzy set with a
monotonous membership function. The
result value in the consequence of each
Fuzzy rule is in the form of a crisp value
obtained based on the fire strength of the
anticedent. The output of the system is
generated from the concept of the weighted
average of the output of each Fuzzy rule
(Setiawan et al., 2018).

The most important part of artificial
intelligence is knowledge in the form of
knowledge in broad form as a knowledge
base to solve problems according to the pur-
pose. In this study, an analysis of the use of
Fuzzy Logic as a derivative of artificial
intelligence for the treatment of newborns
with hypothermia was obtained. The initial
step of neonate stabilization in hypothermy
prevention should be to be able to provide
feedback and recommendations with the
help of tools or technology because manual
methods are prone to subjectivity (Cramer
et al., 2022) to variability and unnecessary
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errors. A combination of interventions is
needed to improve quality as well as a key
success factor. Trained staff, wearing of
stoplists, feedback on maintenance espe-
cially during precarious transportation
(Trevisanuto et al., 2018) easier with the
help of artificial intelligence and its deriva-
tives. Artificial intelligence assistance in
reducing the need for laborious training of
health workers. Fuzzy logic is used to turn
the battery power on and off and is able to
optimize the thermal sensor. In its imple-
mentation for newborns, there have been no
articles that discuss performance measure-
ment and system performance regarding
accuracy, precision, Recall, Specivicity and
F1 Score. So it needs to be developed in the
implementation of the next study. Ease of
mobilization with tool portability, evidence-
based practice, and training when the tool is
used in a special control environment.
Based on the results of the review, it
was found that artificial intelligence can be
used in the management of hypothermia in
newborns. Babies, especially newborns, are
particularly susceptible to hypothermia for
several physiological and environmental
reasons. Some of the factors that make
babies susceptible to hypothermia include:
large body surface area compared to body
mass, Limited Ability to Produce Heat, Ina-
bility to regulate Body Temperature (stage of
development of the regulatory system),
Evaporation from the Skin (having thinner
and more permeable skin), Environmental
Conditions (cold room, direct exposure to
cold air, or inadequate use of clothing).
Therefore, it is important for health
workers and parents to recognize these risks
and take appropriate precautions, such as
ensuring babies stay warm and protected
from exposure to cold air, use appropriate
clothing and cover the baby's head to mini-
mize heat loss, and monitor room tempe-
rature to ensure a warm and stable
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environment as well as consideration in
providing conventional care and treatment
using foam One of the technologies in the
health sector is the use of artificial inte-
lligence for health practitioners.

Of the articles that researchers found
and analyzed, researchers did not find
articles that specifically opposed the use of
artificial intelligence (AI) in the manage-
ment of hypothermia in newborns. The
available information generally discusses
the importance of managing hypothermia in
newborns and the various approaches used,
including guidelines from health organiza-
tions and clinical practice, without mentio-
ning any controversy or criticism of the
specific use of Al in this context.

The use of Al in health management,
including in the management of hypother-
mia in newborns, is a relatively new and
developing field. While many studies and
applications of Al show significant potential
for improving patient care, there may also be
ethical, technical, and practical concerns
that need to be addressed, such as patient
data security, automated interpretation of
clinical data, and the system's ability to
adapt to individual cases. However, specific
information about objections or criticisms of
the use of AI in the management of
hypothermia in newborns was not found in
the researchers' search.
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