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Abstract

OBJECTIVE:

To compare the heat conservation efficacy of “Neohelp” and “Neowrap” and evaluate the

heat production efficacy of Trans-Warmer Infant Mattress (TWM) in laboratory setting.

METHODS:

A beaker of water was heated at 60°C was covered by “Neohelp” or two layers of
“Neowrap” and left to cool in an open room for 90 minutes and calculated the decay
constant. Using infra-red camera, we measured the maximum temperature and time taken

to reach the temperature in the TWM.

RESULTS:

“Neowrap” took 863 seconds for the temperature to drop from 37 °C to 35 °C, compared
with 941 seconds with “Neohelp”. When activated TWM reached a maximum temperature
of 39.3+ 0.1°C. It took 30 seconds when the activator was placed in the centre, compared

with 88 seconds when it was at the corner.

CONCLUSIONS:

Compared to Neowrap, Neohelp had better heat conservation properties. Activating the

metal disk from the TWM center would deliver quicker heat.
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Background: Newborn hypothermia at birth remains as global challenge across all settings.
The prevention of delivery room hypothermia at birth could potentially reduce neonatal
morbidity and mortality(1, 2). In preterm newborns for each one degree drop in admission
temperature below 36.5 deg C mortality increases by 28%(3). Similarly, the odds of mortality
decreases for each 1 deg C increase in admission temperature withs odds ratio of 0.81 (95%
C1 0,71-0.91)(4). Many interventions to prevent delivery room hypothermia have been
studied with consistent result showing that use of plastic wraps or bags was associated with
less hypothermia and higher admission temperature(5). Use of plastic wrap/bag is
recommended by many international resuscitation agencies(6, 7). “Neohelp™ (Vygon)”,
“Neowrap ™ (Fisher & Paykel)”, are two commonly used polyethylene/plastic covers for
prevention of neonatal hypothermia. “Neohelp” is a sterile 2 layered polyethylene suit with
an adjustable hood and foam back (Cost: £10/Neohelp). “Neowrap” is a medical grade
polyethylene occlusive warp without any head covering (Cost: £1/Neowrap).Neohelp and
NeoWrap are similar in their theoretical workings. They both reduce heat loss through
evaporation, radiation, and convection. Neohelp also uses a foam pad to reduce heat losses
through conduction. Both are transparent, allowing the baby to be monitored visually for

any discolouration or breathing irregularities.

“Trans-Warmer Infant Mattress” which contains sodium acetate-water and on activation
produces heat by crystallisation reaction (Cost: £40/trans-warmer). The efficacy of these
products has not been studied. Our study objectives were to compare the heat conservation
efficacy of “Neohelp” and “Neowrap” and evaluate the heat production efficacy of “Trans-

Warmer Infant Mattress (TWM)” in a laboratory setting.



Methods:

“Neohelp” and “Neowrap”: An experimental setup was used whereby a beaker with
250grams of water at 60°C was covered by “Neohelp” or two layers of “Neowrap” and left to
cool in an open room with environmnetal temperature of 20°C for 90 minutes. We used two
layers of “Neowrap” to mimic the physical property of two layered “Neohelp”This mass of
water was chosen to ensure the temperature probe was fully submerged, ensuring accurate
temperature readings. At the same time, we minimised the volume of water used in order to
ensure that for a given change in heat, we would measure a large temperature change. We
used mass balance with high precision for measuring the water. We avoided heating the
water to temperatures higher than 60°C to minimise evaporation and heating above this
temperature could cause damage to the wraps. We chose to cover the beakers with the
wraps as soon as possible after the water had been heated. We expected 90-minute period
of cooling would be sufficient enough to show change in temperature to calculate an
accurate cooling curve.A DS18B20 temperature sensor (accuracy +0.5°C) placed in the centre
of the beaker connected to an Arduino (micro-controller kit) which measured the
temperature at 0.5 second intervals. The Arduino outputted temperature readings along
with a timestamp of the reading via USB to a computer, where the data was stored and
analysed in Python. By measuring the temperature of water over time (heat loss by
radiation), it was possible to determine the value of the decay constant for each of the
devices.These enabled the determination of insulative properties using Newton’s law of
cooling(8). We repeated the experiment on four occasions and measurements were taken in
~0.5s intervals as this was the maximum rate at which the temperature probe could output

readings The data for each material was then fitted to Newton’s law of cooling by a method



of least squares regression, to obtain values for the decay constant of each curve. Using
Newton’s law of cooling, K value as a measure of heat loss is calculated. A large value of K
corresponds to a large rate of heat loss and vice- versa for a lower value of K. Complete
report including the derivation of physics equation and all the analysis were provided in the

Appendix-1.

We also measured the thickness of the “Neowrap” and “Neohelp” using a micrometer. The
surrounding environmental temperature was also measured intermittently to determine

fluctuations and thus quantify the error due to the change in surrounding temperature.

Evaluation of TWM: We conducted two experiments: 1) Using Infra-red camera we
measured maximum temperature of the mattress, the time taken to reach this maximum
temperature and inhomogeneities with heat distribution within the mattress. 2) We
assessed how the position (corner vs center of the mattress) of the starting metal “clicker”

affects the time taken for the mattress reach its peak temperature.

Results:

“Neohelp” Vs “Neowrap”: Each experiment was run four times and the average heat loss
constant, K, was calculated. Using 2 layers of “Neowrap”, totalling 100 um thickness, it took
863 seconds for the temperature to drop from 37 °C to 35 °C, compared with 941 seconds
for the beaker covered with “Neohelp” only, which was 80um thick (inner layer 30 + outer
layer 50um). Thus, the beaker covered by “Neohelp” was more effective at preventing heat
loss than two layers of “Neowrap” (mean K value 1.33 + 0.02 compared with 1.46 + 0.01
(Figurel). Over the 90-minute measurements the average fluctuation of the ambient

temperature was found to be less than or equal to 1°C.



TWM: When cracked in the centre, it took 30 seconds to reach 39.0 £ 0.1°C in the centre and
the maximum temperature reached was 39.3+ 0.1°C. The hottest part of the mattress first
dropped under 37.0 £ 0.1°C after 15 minutes and dropped under 36.0 + 0.1°C after 36
minutes.Reaching the maximum temperature in the centre of 39.0 + 0.1°C took 30 seconds
when the activator was placed in the centre, compared with 88 seconds when it was at the
corner. A thermal imaging camera showed two hot spots either side of the centre of the

TWM, due to unequal distribution of gel caused by folding during packaging (Figure2).

Discussion:

We report the efficacy of three of the commonly used neonatal hypothermia prevention
devices in a laboratory setting. We hypothesize that layer of air trapped between the two
layers of “Neohelp” was contributing to its superior heat conservation effect rather than
thickness of the material. This can be explained by the fact that the air inside the two layers
of the bag is sealed, so whilst not a vacuum, the lack of any new air replacing the air inside
the gap may be causing the improved performance over two layers of NeoWrap. The air
between the layers will act as an insulator, preventing heat transfer from the water to the

surroundings.

A baby’s head makes up as much as 20% of the total skin surface(9); which explains
why a hood could have additionally contributed to Neohelp’s efficacy. The other difference
is Neohelp contains a strip of Velcro on the front while NeoWrap is simply wrapped around

the baby. This means when it is required to access the neonate, for example to take a



temperature measurement, Neohelp can be opened to a lesser amount whereas NeoWrap

must be fully unwrapped.

While the Mattress is single use only, heating sodium acetate trihydrate crystals to
approximately 80°C causes the crystals to lose their water of hydration and then dissolve
into this water, cooling slowly prevents any crystals from reforming meaning the reaction
can occur again and TWM could be reused. In any clinical settings, the mattress must be
sterilised but an easy way to heat the mattress is to submerge it in boiling water. There is
however no scientific reason why the TWM could not be manufactured to be easily reusable
(like commercially available reusable hand warmers), which could be cost savings. Please see

the YouTube link (https://youtu.be/Lmv1 RrXiA4) on how the mattress could be reused

from one of the commerically available product

(https://www.lifesystems.co.uk/products/outdoor-survival/reusable-handwarmers).

This was a laboratory study and not a clinical study. Condition at the time of birth and
underlying pathology (e.g., Sepsis) could influence the temperature at birth. Hence, we felt
studying their physical properties in a laboratory setup would provide some information on
the heat conservation efficacy of these devices. Another limitation is that we did not study
the properties of these devices under resuscitaire. We also did not study the combined
effect on TWM and the plastic bags/wrap. In clinical settings combined use of these devices
improved admission temperature, but associated with increased rates of
hyperthermia(5).The TWM are folded in half with packaging, so upon initially opening them
the gel is not uniformly distributed. Also, with packaging, the metal activation disks were

located in different positions. Prior to high-risk deliveries where there are high chances of


https://youtu.be/Lmv1_RrXiA4
https://www.lifesystems.co.uk/products/outdoor-survival/reusable-handwarmers

using TWM, team could manoeuvre the metal disk to the center and ensure uniform

distribution of gel without activation.

Performance of medical devices need to be consistent and without any major
deviations, especially in neonatal population. This could be ensured by Post-market
surveillance with focus on safety and efficacy of these devices(10, 11). This should be
performed by regulatory bodies with standarised assessment methods(10, 11). Knowledge
regarding these standarised surveillance system for these medical devices

(Neohelp/Neowrap) is lacking.

Thorough this laboratory study, we have demonstrated that heat conservation by
preventing radiation loss was better with “Neohelp” than “Neowrap”. Also, we have
provided few practical clinical tips for the effective usage of TWM. There are cost
implications in the use of these devices whether these findings translate to clinical benefits

needs further study.

Conclusions:

In this laboratory study, heat conservation was better with “Neohelp” as compared to
“Neowrap”. Activating the trans-warmer mattress from the centre as compared to one of
the corners was found to reduce the time for the mattress to reach maximum temperature.
Ensuring the gel distribution of the mattress is approximately uniform before use would help

ensure uniform heat distribution.

Conference presentation: This project was orally presented in REASON international

conference, United Kingdom 2022.
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Figure Legends

Figure 1: The fitted Newton’s law of cooling curve for two layers of NeoWrap alongside a
Neohelp showing longer time of heat conservation with Neohelp. Y-axis representing

Temperature in kelvin and X-axis representing time in minutes.
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Figure 2: A snapshot of the image from the Infra-Red camera showing lower temperature on
the lower right-hand side of the mattress (marked by circle). Note that there is temperature
scale on the right-hand side (marked by arrow) with yellow colour indicating higher

temperature (close to 38.6 °C) and purple colour indicating lowest of the temperature scale.
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