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ABSTRACT

INTRODUCTION: Neonatal hypothermia is a leading cause of mortality among premature and
low-birth-weight infants, particularly in low-resource settings like Rwanda, where access to
conventional thermoregulation devices such as incubators and radiant warmers is limited due
to high costs and lack of infrastructure. This study aimed to design and prototype an affordable,
portable cradle infant warmer (PCIW) to address the challenges of accessibility, cost, and
portability associated with existing neonatal warming technologies.

METHODS: The PCIW prototype consists of four main components: a cradle bed, a warmpack
(containing water, paraffin wax, and sodium acetate), a heating table, and a temperature display
unit. The warmpack absorbs and slowly releases heat to maintain the infant’s temperature within
the normothermic range (36.5-37.5°C). Performance was assessed using a surface thermometer
to measure temperature stability over time, with three experimental trials conducted to ensure
accuracy.

RESULTS: The prototype maintained a stable temperature range of 36.6-37.4°C for 90 minutes
before requiring reheating. The warmpack reached the operating temperature within 25
minutes of heating and demonstrated consistent heat retention. The total cost of the device
was approximately $100, making it significantly more affordable than conventional incubators
($1,500-535,000).

CONCLUSION: The portable cradle infant warmer is a cost-effective, non-electric solution for
preventing neonatal hypothermiain resource-limited settings. Its ability to maintain normothermia
for 90 minutes, combined with portability and ease of use, positions it as a viable alternative to
expensive and inaccessible warming technologies.
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INTRODUCTION these limits is referred to as hypothermia, which
is thought to be life-threatening to the baby [1].
The permissible body temperature for newborns Neonatal hypothermia may result from a newborn

is between 36.5°C and 37.5°C; any drop below baby's temperature rapidly dropping due to room
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temperature since newborns lack the body fat
needed to regulate their body temperatures [2].
Newborn mortality is still a major problem and
is greatly increased by neonatal hypothermia,
particularly in places with little resources like
Rwanda.

According to the World Health Organization,
around 125 million newborns are born every year,
and 8 million of them die before they turn one year.
Among the causes of death, hypothermia accounts
for 2.5 million deaths or more than a quarter of all
infant deaths [3].

It is widely acknowledged that neonatal
hypothermia is an unsolved problem that
contributes to neonatal morbidity and mortality,
particularly in resource-limited settings [4].
Globally, it has been demonstrated that the
prevalence of hypothermia in infants born in
hospitals ranges from 32% to 85%, while the
prevalence of hypothermia in babies born at home
ranges from 11% to 92 percent of all newborns [5].
An estimated 17 million neonates in low-income
countries were found to develop hypothermia
annually, and its prevalence of 57.2% has been
reported in East African countries [6].

The results from one study conducted in South
Africa have shown that the prevalence of
hypothermia is around 46.1% among neonates
admitted to neonatal units [7]. Contrary to the
results shown in a study conducted in Kenya
to assess the prevalence of hypothermia and
the degree of compliance with WHO thermal
treatment recommendations among neonates
admitted to Moi Teaching and Referral Hospital,
the prevalence was reported to be high around
87% with little local information on the relevant
causes [8]. Additionally, due to their lower body
fat levels, which frequently cause problems with
thermoregulation, underweight infants (weight
less than 2.5 kg), who account for 20 million infant
deliveries each yearl, are especially susceptible to
morbidity [9].

The prevalence of neonatal hypothermia varies
greatly, but it was recently reported to be 100% in
a population of low-birth-weight (LBW) infants in
low-resource African settings [6].

According to data published in 2017, there are
20 neonatal fatalities for every 1000 live births
in Rwanda, and hypothermia is one of the main
causes of neonatal deaths [10,11].

Healthcare providers use infant radiant warmers
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and incubators to help newborns maintain safe
body temperature [12]. However, such equipment
is very expensive, not portable, and requires
a stable source of electricity to operate; many
hospitals, as well as health centers in Rwanda, do
not have abilities to afford such medical devices,
which is why sometimes they are unable to
maintain newborns’ safe body temperature, and
that may lead to neonatal mortality in resource-
limited settings when infants are otherwise not in
Kangaroo Mother Care (KMC).

KMCis a well-known, successful method that offers
a variety of advantages, such as increased lactation
and mother-child bonding [13]. However, there are
times when it is not feasible, such as when KMC
does not provide enough heat, when the mother
is sick, or when the mother feels pain or fatigue
even when the baby is sick. In all these situations,
there is an emergency need for alternative options
to maintain a newborn’s normothermic.

As a way of delivering innovative, effective, and
long-term solutions to this serious problem,
this project aims at designing and prototyping
a portable cradle infant warmer device that will
be cost-effective, easy to operate, and safe for
children, to ensure that the number of child
deaths due to hypothermia is reduced in Rwanda
as well as among other developing countries that
don’t have access to existing lifesaving medical
technology.

Existing alternative options to warm premature and
low birth weight babies have been linked with some
advantages in terms of affordability, portability
in ambulances, and complexity in manipulation.
Therefore, this project designs a portable cradle
infant warmer (PCIW) that comes with extra
advantages compared with existing medical
devices: the novel device is easy to manipulate, it
is not expensive (its total cost is around 100 USD),
it can be portable in ambulances, and it doesn’t
need a continuous power supply, to ensure that
every infant who requires temperature control
may easily access it. This prototype is designed
particularly for neonates with hypothermia
without any other neonate problems like breathing
or oxygen saturation issues.

METHODS
This was a design and prototyping study, involving

the development and testing of a new medical
device, specifically a portable cradle infant warmer,
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aimed at addressing neonatal hypothermia in
resource-limited settings like Rwanda.

Design Phase: The researchers designed a portable
infant warmer with specific components (cradle
bed, warmpack, heating table, and temperature
display unit) to maintain a newborn's body
temperature within a safe range.

Prototyping Phase: A prototype of the device was
created using locally available materials, and its
functionality was tested in a laboratory setting.
Figure 1 and Table 1 show operation and system
components of the prototype

Device description

Place
on
heating
table

&/

Re heat th e

warmpak

Figure 1: Operating flow chat of the designed device

Table 1: System component of the prototype
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Cradle bed: An interface in which the newborn
rests, the cradle bed has compartments that hold
the newborn and the heated warmpak, ensuring
that the two are in good thermal contact with
each other and providing a warm, insulating
microclimate to the newborn. It is made of skin-
safe insulating material with adjustable belts to
secure the baby inside the cradle bed and has a
temperature display unit.

Warmpak: The warmpak is designed so that
when heated, it absorbs heat from the heater and
slowly releases that heat over time. It can keep
the normal temperature for about 1 hour before
being reheated gain. It is made of a heat-resistant
polyurethane cover with two layers: a water layer
and a phase change material (PCM) layer made of

Yes

No

Components Materials Rationalization
Water layer Rechargeable elements produce
Paraffin wax heat and keep the baby at a normal
temperature.
1.WarmPack Sodium acetate
Polyurethane cover
Temperature indicator
Insulating tissue For accommodating the baby
2. Cradle bed
Belts
Heating element(220/50W) The only electrical component of the

3. Heating table

Heat resistant plate

device is a small-designed table to
heat warmpak when its temperature
goes below 36.5°C
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paraffin wax and sodium acetate mixture. When
the warmpack is heated, the PCM melts and stores
energy and slowly releases the heat through the
water layer that warms the newborn. The water
layer eliminates hotspots and provides a uniform,
warm surface to the newborns. The polyurethane
cover cannot melt easily since it has a high melting
point of 120 degrees Celcius.

When inserted into the cradle bed, the water
layer should face the baby to serve as a source of
warmth (Figure 2).

Temperature display unit design features: The
temperature displaying unit has been positioned
within the warmpak so that it will be visible to the
user. It communicates the temperature level in 3
regions (High temperature, normal temperature,
and low temperature). By using an indicator bar,
the temperature displaying unit shows the user
when the WarmPak is at the right temperature
(36.5-37.5 °C), and ready to be used, and it also
shows the user when it has run out of stored heat
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and needs to be reheated. The warm pack is heated
for around 25 minutes to reach the operating
temperature. The Warmpak is always ready to
be used when it is within the correct operating
temperature range and the indicator bar is in the
normal temperature region.

Warmpak heating table: The warmpak heating
table is the only component of the portable cradle
bed that requires access to the alternating current
(AC) power source to heat the warmpak at the
operating temperature of 36.5 to 37 °C It can even
heat the warmpak and goes up to 40 °C.

The warmpak heater table uses a sophisticated
mechanism to warm the warmpak. It is mainly
made of a power cable, and heating element
(220V/50W), and it is covered by a heat-resistant
plate (Figure 3).

The warmpak heater table can take around 40
minutes to heat the warmpak to the operating
temperature in normal conditions.

Figure 2: The Hardware design of the prototype is made of three main components, including a
Cradle bed (A), a Warmpak (B), and a Heating table (C), (D) illustrates an assembled Prototype
with a phaton baby.
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R: Resistance

H: Heating  Element

OH,

Figure 3: Electrical Connections of the Prototype

Performance Assessment of the Prototype

To test the functionality of the designed prototype,
the researcher used a surface thermometer, which
is a special thermometer that is used to record the
cradle bed temperature. Surface thermometers are
thermodynamically designed to measure surface
temperatures. It has been calibrated for use in
an ambient temperature of approximately 70°F
(21°C). To get the temperature results inside the
cradle bed, the researcher placed the thermometer
inside the cradle bed and allowed approximately 3
minutes for it to reach stability, and then recorded
the temperature every 15 minutes. In addition, at
the beginning, the researcher started recording
the baseline temperature (Temperature inside the
cradle bed with no heated warmpak) and then
processed by measuring the temperature inside
the cradle bed with heated warmpak to avoid
biases and ensure accuracy of the results.

RESULTS

The temperature inside the designed device is
one the most important features that might help
to measure the functionality of the tested device.
With the help of the special thermometer (surface
thermometer), the temperature inside the cradle
bed was measured in the biomedical laboratory,
and device test department.

It was shown that this designed medical device
could keep the internal temperature in the range
of 36.6 to 37.4 °C within 1 hour 30 minutes without
reheating the warmpak. It means that if the infant
is placed in a cradled infant warmer, the infant’s
body temperature can stay within the range of 36.6
- 37.4 degrees Celsius within 1 hour 30 minutes of
being separated from the parent’s body.

The temperature within the designed device
was recorded by the following procedures: The
initial or baseline temperature within the device
was taken before placing the heated warmpack
and it was 25 degrees Celsius and then the
researcher heated the warmpack up to 37.5
degrees Celsius for about 25 minutes and then the
heated warmpak was inserted in the cradle bed,

Table 2: The results showed that the temperature inside the cradle bed was within 105 minutes of the

testing period.

Time (minutes)

Temperature (degree Celsius)

Trial 1 Trial 2 Trial 3 Average

0 24.8 25.1 25.2 25.03

15 37.4 37.6 37.3 37.43

30 37.2 37.1 37.3 37.20

45 36.9 37.1 37 37.00

60 36.7 36.9 37 36.87

75 36.5 36.6 36.7 36.60

90 36.8 36.4 36.5 36.57

105 35.8 36.1 36 35.97
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immediately the research has started recording
the temperature inside the cradle bed and it was
taken in sequence of time range of 15 minutes
within the period time of 1 hour 45 minutes. To
ensure that the researcher got accurate results,
the experiment was done in three trials, and the
final temperature was recorded as the average of
these three replicates.

The results have shown that the baseline
temperature at time 0 (Temperature in cradle
bed without heated warmpak) was 25 °C (Room
temperature), and then after heating the
warmpack to the operating temperature, the
temperature inside the device rose immediately
after insulting heated warmpak up to 90 minutes
of the experiment, then minimum reduction of
the temperature has been recorded around 105
minutes of the experiment.

The results indicated 37.4 °C inside the cradle
bed, just 15 minutes after a heated warmpak was
insulted in the cradle bed. The device indicated a
temperature of 37.2 °C within 30 minutes of the
experiment, and the device showed 37 °C, 36.9
°C, 36.6 °C, 36,6 °C, and 35.9 °C within 45, 60,
75, 90, and 105 minutes, respectively, during the
experimental period. The table below shows the
obtained temperature results inside the cradle
bed within the testing period of one hour forty-
five minutes (1 hour 45). Moreover, the recorded
values are the average temperature in the three
trials.

DISCUSSION

The high mortality rate due to hypothermia
among premature and low birth weight infants
is a health threat to children, and it is widely
known that neonatal hypothermia contributes to
neonatal mortality, particularly in underserved
areas [4]. This is linked to the fact that many
families giving birth to these children lack access
or sometimes can not afford the cost of existing
thermoregulation devices. With this fabricated
prototype, the neonates born with hypothermia
can have access to a thermoregulation device
at a minimum cost when compared to the cost
(51500-35000) of the existing infant warmer and
the incubator [14]. The present prototype is less
expensive ($100) because it was made in locally
fabricated materials, which proves that it can be
affordable for health centers with low budgets
as well as patients with less financial means. In
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addition, this novel thermal regulation device has
shown to have extra advantages in terms of easy
manipulation, portability, and safety because it
is free from electricity and promotes interaction
between the baby and the mum when compared
to the current infant warmer and incubators [15].
This prototype, if approved, can help to remove
the constraint of portability in ambulances when
neonates with hypothermia are referred to
territory hospitals. It can also solve the problem of
accessibility and complexity in the manipulation of
existing thermal regulation devices.

The results obtained from this research project
are promising findings since the designed device
has shown the capability to maintain the normal
temperature in a standardized operating range
for about 1 hour 30 minutes. When testing this
prototype, the researcher recorded the rise of the
temperature from 252C ( as the initial temperature)
to 37.4 °C after insulting the heated warmpak
inside the cradle bed. It might be due to the
fact the PCM layer made of Parrafin and Sodium
acetate components has the capacity to melt and
start accumulating the heat and later transfer the
stored heat in the water layer of the warmpack
[16,17], ultimately increasing the temperature
inside the cradle bed. The temperature escalated
from 15 minutes of the experiment up to 90
minutes of the experiment.

Onthe other hand, the researcher experienced the
minimum reduction of the temperature from 36,4
to 35.9 9C within 105 minutes of the experiment.
This might be due to the loss of heat of the
warmpak. It can be related to the fact that the
warm pack is made of a PCM layer made of Paraffin
and sodium acetate that have the properties of
freezing and losing heat when the temperature
is reduced as the time increases [16,17], and this
indicates that warmpack needed to be reheated
so that it regains the heat and then rise the
temperature in the normal operating range.

While this present prototype proved to be
promising to minimize the high mortality rate
associated with hypothermia among neonates
in the future, the author faced some limitations
during the fabrication of this device. The researcher
did not test the designed device specifically on
newborns because it has not yet been approved
by authorized institutions, which might slightly
affect the accuracy of the results but together with
supervisors and engineers from Crow Health Care,
we were able to effectively test the designed end
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product in the Laboratory by using standardized
equipment.

CONCLUSION

The results from this present study have shown
that the designed device can maintain the
temperature in the normal range of 37.4 to 36.6
degrees for a period of one hour and 30 minutes.
This indicated that it could be taken as the best
alternative device to replace the high-cost existing
methods to warm the neonates, more specifically
in low-resource settings where access to advanced
medical equipment is limited. This simple, safe,
low-cost, non-electric infant warmer could be an
important option for governments and health
systems in reducing the high annual neonatal
deaths, in which hypothermia is a contributing
cause, ultimately saving the lives of millions of
infants across the globe, mostly in underserved
areas of Rwanda and in other Africa countries.
Based on the results of this study, the researcher
concludes that this Prototype was designed in
response to constraints of access and affordability
on existing warming technologies such as
incubators and radiant warmers, acting as a more
practical, secure, and cost-effective prototype
than other devices. Therefore, the research
recommends the ethical approval of this device for
future clinical applications.
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