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ABSTRACT

Background Neonatal hypothermia has been widely
regarded as a major contributory factor to neonatal
mortality and morbidity in low-resource settings. The high
prevalence of potentially preventable hypothermia today
urges an investigation into why neonates still become
hypothermic despite awareness of the problem and
established thermal care guidelines. This study aimed to
explore the gaps in knowledge and practices of neonatal
thermal care among healthcare workers in low-resource
settings.

Methods A cross-sectional, questionnaire-based survey
was performed online among healthcare workers in low-
resource settings. We applied a purposive and snowballing
sampling method to recruit participants through a
two-round international online survey. Questionnaires
were developed using themes of neonatal thermal care
extracted from existing neonatal care guidelines.
Results 55 neonatal care professionals participated

in the first-round survey and 33 in the second. Aimost

all participants (n=44-54/55) acknowledged the
importance of the WHQ’s warm chain to keep a neonate
warm. However, fewer participants (n=34-46/55)
responded to practice them. When asked about cold
stress, defined as a condition in which neonates are
below optimum environmental temperature and using
more oxygen and energy while maintaining normal body
temperature, 15 out of 55 participants answered that
checking extremity temperatures by hand touch was
useless. Some participants reported concern about the
extremity temperature’s inaccuracy compared with core
temperature. Opinions and preferences for rewarming
methods differed among participants, and so did the
availability of warming equipment at their institutions.
Conclusion An inadequate understanding of cold
stress underestimates the potential benefits of extremity
temperatures and leads to missed opportunities for the
timely prevention of hypothermia. The current thermal care
guidelines fail to highlight the importance of monitoring
cold stress and intervening before hypothermia occurs.
Therefore, we urge introducing the concept of cold stress
in any neonatal thermal care guidelines.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= In low-resource settings, hypothermia has been
widely regarded as a major contributory factor to
neonatal mortality and morbidity.

= A high prevalence of neonatal hypothermia is regu-
larly reported in low-resource settings even though
it can be prevented with appropriate thermal care.

= Hand touch to detect hypothermia is recommend-
ed as a screening tool in community settings where
thermometers are not available.

WHAT THIS STUDY ADDS

= The neonatal physiological defence mechanism
against cold stress is not well understood among
healthcare workers in low-resource settings.

= Healthcare workers underestimate the potential
benefit of extremity temperatures checked by hand
touch as an early indicator of cold stress before hy-
pothermia occurs.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Introducing the concept of cold stress in any neona-
tal thermal care guidelines is recommended.

= Extremity temperatures must be checked by hand
touch as an early indicator of cold stress before hy-
pothermia occurs.

INTRODUCTION

Each year, 2.4 million neonates die, 80% in
sub-Saharan Africa and South Asia' and 99%
in low-income and middle-income coun-
tries.” Hypothermia has been widely regarded
as a major contributory factor to neonatal
mortality and morbidity in low-resource
settings, referring to settings where health-
care systems do not meet the minimum stand-
ards set by the WHO.” Numerous studies have
proved that hypothermia is associated with
prematurity,™ infection’ and asphyxia,® *
which are considered the three major causes
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Table 1 Characteristics of participants
First round Second round
(n=55) (n=33)

Characteristics n (%) n (%)
Profession

Medical doctor 25 (45) 21 (64)

Nurse 16 (29) 2 (6)

Midwife 11 (20) 8 (24)

Clinical officer 3 (5) 2 (6)
Work experience (years)

<5 17 (31) 8 (24)

5-9 11 (20) 8 (24)

>10 27 (49) 17 (52)
Place of work

Neonatal intensive care 39 (71) 23 (42)

unit/paediatric ward that

admits neonates

Delivery room 0(18) 7 (21)

Outpatient department/ 3 (5) 1(3)

emergency room

Other* 3 (5) 2 (6)
Country of work

South and Southeast 22 (40) 6 (18)

Asiat

Sub-Saharan Africat 21 (38) 18 (55)

Middle East§ 3(5) 0

Other| 9(17) 9 (27)

Percentages may not total 100 due to rounding.

*Paediatric ward admits neonates.

TAfghanistan, Bangladesh, India, Indonesia, Nepal, Philippines,
Thailand.

FBurkina Faso, Cameroon, Ethiopia, Gabon, lvory Coast, Malawi,
Nigeria, Senegal, Somalia, Uganda.

§lraqg, Lebanon, Yemen.

{IBased in Japan, Switzerland and USA with extensive clinical
experience in low-resource settings.

of neonatal mortality.'"” WHO defines neonatal hypo-
thermia as a body core temperature below 36.5°C."" A
high prevalence of neonatal hypothermia is regularly
reported, especially in low-resource settings.”°

Neonates, particularly preterm and low-birth weight
infants, cannot maintain their body temperature without
an appropriate thermal environment."” In the mid-1900s,
researchers demonstrated improved neonatal survival
by using warming devices to provide adequate thermal
care."* ' WHO first published thermal care guidelines
to inform healthcare workers at all levels about neonatal
thermal care in 1993."° The guidelines recommend 10
codependent procedures, called the ‘warm chain’, to
minimise heat loss and prevent hypothermia in neonates
at birth and thereafter.'’ The warm chain consists of
(1) a warm delivery room, (2) immediate drying, (3)
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skin-to-skin care, (4) early initiation of breast feeding, (5)
delayed bathing and weighing at birth, (6) appropriate
clothing and bedding, especially the use of a hat,'” (7)
keeping mother and neonate together, (8) warm trans-
portation, (9) warm resuscitation and (10) awareness
and training.

Regarding rewarming hypothermic neonates, the
WHO guidelines recommend using external heat sources
such as radiant warmers, heated mattresses and closed
incubators. If no equipment is available, skin-to-skin care
is recommended for clinically stable neonates.'" For clin-
ically unstable hypothermic neonates, rewarming and
maintaining normal temperature remain a challenge
when no equipment is available."

To assess the thermal status of the neonate, axillary or
rectal temperature is commonly measured.” ' However,
this proxy for core temperature detects established body
temperature only. It gives no clue about the dynamic phys-
iological efforts such as peripheral vasoconstriction or
metabolic heat generation to maintain core temperature
under conditions called ‘cold stress’.** In physiological
terms, cold stress is a condition in which the environ-
mental temperature is below the lower critical tempera-
ture to provide thermal neutrality.®’ Although the
importance of monitoring foot and hand temperatures
for early detection of cold stress before core temperature
drops has been emphasised over the decades,” ** this
simple means remains undervalued and recommended
only as a second choice in clinical practice.""

Most neonatal hypothermia is preventable because it is
due to inadequate thermal care rather than a complica-
tion of prematurity.*** The high prevalence of potentially
preventable hypothermia today urges an investigation
into why neonates still become hypothermic despite
awareness of the problem and the established WHO
thermal care guidelines. This study aimed to explore the
gaps in knowledge and practices of thermal care among
healthcare workers in low-resource settings.

METHODS

Study design and participants

A cross-sectional, questionnaire-based survey was
performed online among healthcare workers in low-
resource settings. We applied a purposive and snow-
balling sampling method to recruit participants through
a two-round international online survey. The first round
explored the general themes of neonatal thermal care,
whereas the second round looked at the narrow-scoped
themes identified from the results of the first round.
The survey was disseminated to physicians, nurses and
midwives in neonatal care at all levels of institutions
in low-resource settings internationally by e-mails and
social networks (Facebook and LinkedIn). Survey partic-
ipants were encouraged to spread the survey to their
contacts. We also invited healthcare workers in neonatal
care from high-resource settings with extensive clinical
experience in low-resource contexts to generate more
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Figure 1 The usefulness of hand touch measurement of foot and hand temperatures.

diverse opinions. As this study was a descriptive study
using purposive and snowballing sampling, there was no
agreed sample size.?® Therefore, we aimed for a sample
size of 30, which was realistic to achieve with participants
from low-resource settings or who had worked there.
Healthcare workers, who were invited for the first round,
were invited for the second round.

Development of the online survey
The questionnaire for the firstround survey was devel-
oped using themes of neonatal thermal care extracted
from existing neonatal care guidelines, including the
WHO thermal care guidelines."" ?” ** The questionnaire
for the second-round survey was developed based on
themes that emerged from the first-round survey results.
We provide the questionnaires for both rounds of the
survey in online supplemental material. The survey
included multiple-choice questions and Likert rating
scales, supplemented with free-text answers. The ques-
tionnaires for both rounds were developed with four
neonatal care experts. Piloting of the questionnaires
was undertaken in collaboration with two healthcare
workers. The survey was developed in English, translated
into French and administered anonymously via Google.
Both surveys took approximately 10 min to 15 min to
respond to. The data from the survey were collected
between February and June 2021. Data were collated and
summarised using descriptive measures with Microsoft
Excel V.2018 (Redmond, Washington).

The following definitions were wused within the
questionnaire.

Cold stress: a condition in which neonates are below
optimum environmental temperature and using more
oxygen and energy while still maintaining normal body
temperature

Core temperature: rectal or axillary temperature''

Extremity temperature: foot or hand temperature.”

RESULTS

Demographic characteristics of participants

Out of 79 neonatal care professionals contacted, 55
completed our questionnaire in the firstround survey
(response rate=69.6%, table 1): 25 medical doctors
(45%), 16 nurses (29%) and 11 midwives (20%); 22
participants (40%) were from South and Southeast Asia,
21 (38%) from Sub-Saharan Africa and 8 (5%) from
Middle East. In the second round, 33 healthcare workers
participated (response rate=60%): 21 medical doctors
(64%), 2 nurses (6%) and 8 midwives (24%); 18 (55%) of
them were from Sub-Saharan Africa, 6 (18%) from South
and Southeast Asia and 9 (27%) from other countries.

Monitoring of temperature

Most participants (n=41/55) answered that the quality
of temperature monitoring at their institutions was
excellent or good. When asked about cold stress, 27%
(n=15/5b) of participants reported that checking the foot
or hand temperature by hand touching the skin of the
feet or hand was useless or extremely useless (figure 1).
A higher percentage of medical doctors and clinical
officers reported so (39%) compared with nurses and
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Figure 2 Acknowledged the importance and quality of the practice of the WHO-10 procedures of the warm chain.

midwives (15%). Six participants (three medical doctors,
two midwives and one clinical officer) commented about
the inaccuracy of extremity temperature compared
with rectal or axillary temperature. Most participants
(n=28/33) agreed on the nurse’s and midwive’s capa-
bility to detect cold extremity temperatures by hand
touch, whereas fewer participants (n=20/33) agreed on
the mother’s and family member’s capability to do so.

Prevention of hypothermia

Figure 2 summarises reported acknowledgements on the
importance of the WHO warm chain and their reported
practice. Almostall participants agreed on the importance
of the 10 producers of the warm chain. They reported that
these procedures were performed relatively well within
their institution. Very few answered that these meas-
ures were practised either poorly or extremely poorly.
However, the positive responses (strongly agree or agree)
regarding the importance of knowledge exceeded those
of the perceived quality of practice (excellent or good),

Radiant warmers

Figure 3 Availability of warming devices.

Heated mattresses

especially of skin-to-skin care (% difference=25%), aware-
ness/training (% difference=20%), delayed bathing and
weighing at birth (% difference=18%) and warm trans-
portation (% difference=17%). Without exception, all
procedures scored lower for practice than knowledge.

Management of hypothermic neonates with warming devices
Participants reported that using the following devices is
either important or extremely important to treat hypo-
thermic neonates: radiant warmers (n=47/51); closed
incubators (n=38/50); and heated mattresses (33/50).
The following devices were unavailable in some of the
participants’ institutions (figure 3): radiant warmers
(n=2/50), closed incubators (n=11/51) and heated
mattresses (n=18/51).

When asked to assess warming devices (figure 4), most
participants answered that closed incubators (n=31/32)
and radiant warmers (n=29/32) were considered either
effective or highly effective. However, fewer partici-
pants (n=22/33) answered so about heated mattresses.

Closed incubators

4 Kyokan M, et al. BMJ Paediatrics Open 2022;6:6001606. doi:10.1136/bmjpo-2022-001606



Effectiveness

Radiant warmer ~ Warming mattress  Closed incubator

Cost to purchase

— — 100% 100%
90% 90%

80% 80% I 80%
70% 70% 70%
60% 60% 60%
50% 50% 50%
40% 40% 40%
30% 30% 30%
20% 20% 20%
10% 10% . 10%
0% 0% — 0%

Radiant warmer ~ Warming mattress  Closed incubator

Ease of use

Radiantwarmer ~ Warming mattress  Closed incubator

w Very effective/ = Average  m Very ineffective/ wVery cheap/  Average m Very expensive wVeryeasy/  Average m Very difficult/
effective ineffective cheap lexpensive easy difficult
Ease of clean Risk of over heating Risk of infection

100% - 100% 100%

90% - 90% 90% -
80% 80% 80%
70% 70% 70%
60% 60% 60%
50% 50% 50%

)9/
40% 40% 40%
30%
30% 30%
2% 20% 20%
10% ° ’
9/ )9/
~ M .
Radiantwarmer ~ Warming mattress  Closed incubator 0% 0%
Radiant warmer ~ Warming mattress  Closed incubator Radiantwarmer ~ Warming mattress  Closed incubator
wVeryeasy/ ' Average m Very difficult/

easy difficult
Figure 4 Assessment of warming devices.

w Very safe/safe

Considering all the equipment was available (in theory) _ 24%

Average = Very dangerouns/ dangerous

w Very low/low ~ Average = Very high/high

Practice at the participants' institution (in reality) _3%_ 18% 3%

0% 10% 20%

= Radiant warmers
Figure 5 Choice of a warming method for rewarming.

Eighty-four per cent of participants (n=26/31) reported
that purchasing cost of an incubator was considered
expensive and only 29% (n=9/31) thought that a heated
mattress was expensive.

In terms of case management, for an example case
of a late preterm neonate, with an axillary temperature
of 34.0°C and respiratory distress syndrome requiring
oxygen, the priority was given by participants to use
radiant warmers (n=13/33), followed by closed incu-
bators (n=8/33), skin-to-skin care (n=8/33), heated
mattresses (n=3/33) and other methods (n=1/33),
considering all the equipment was available (figure 5).
Among eight participants who answered skin-to-skin care
as their method of choice, six nevertheless answered that
they would use warming devices instead in real life. On
the other hand, three participants, who preferred either

Heated mattresses

30% 40% 50% 60% 70% 80% 90% 100%

= Closed incubators Skin-to-skin care Other

radiant warmers, heated mattresses or closed incubators
in theory, would use skin-to-skin care at their institution.

DISCUSSION

Knowledge gaps in the neonatal defence mechanism against
cold stress

As the most prominent finding, we identified lacking
knowledge on the importance of extremity temperatures
as an early indicator of cold stress before hypothermia
occurs. Unfortunately, the definition of cold stress is
often confusingly reported in the literature merging its
physiologic definition (without actual hypothermia) and
mild hypothermia, two metabolically different states.*
Even though the physiologic definition of cold stress was
provided within the questionnaires, core temperature
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was considered more valuable than extremity tempera-
ture as an indicator of cold stress. Several comments, too,
demonstrated indiscriminate understanding of physio-
logic cold stress and hypothermia.

In the neonate, cold stress triggers vasoconstric-
tion, leading to metabolic heat production with major
substrate and oxygen consumption and may limit other
organ functions.” Hypothermia occurs only when this
metabolic surge is exhausted. Vasoconstriction is most
pronounced in the extremities,” leading to acrocyanosis,
decreased peripheral perfusion and lowered tempera-
ture."' Clinical detection of cold stress with a difference
between core and extremity temperatures is widely used
by neonatologists worldwide. The literature reports that
human temperature sensing in non-diabetic adults can
detect smaller than 1°C difference, which is appro-
priate for detecting physiologic cold stress in neonates.*’
In deed, Singh et al' reported the precision of the
hand touch method as evaluated by three paediatri-
cians at three sites (abdomen, foot and forehead) where
temperatures <36.5°C were accurately detected by hand
touch. Extremity temperatures checked by hand touch,
an inexpensive, easily available clinical monitoring tool,
is an early and sensitive parameter to detect cold stress
while core temperature is still normal.*

Thermal care guidelines, including the WHO guide-
lines, do not distinguish between cold stress and hypo-
thermia."! ¥ * We believe that physiologic cold stress
should be considered the established disease because the
overrun metabolic capacity hampers critical postnatal
adaptational processes relying on energy and oxygen.
When cold stress is detected, immediate intervention
should be the re-establishment of a thermoneutral envi-
ronmentinwhich neonates donotconsume excess oxygen
and energy for thermoregulation. On the other hand,
when hypothermia is detected, the intervention should
focus on both rewarming the neonate and re-establishing
the thermoneutral environment. Since cold stress and
hypothermia are clearly two different metabolic condi-
tions, the cursor should be placed between them.

Gaps between knowledge and practice of preventing neonatal
hypothermia

When WHO published the thermal care guidelines, the
high prevalence of neonatal hypothermia resulted more
from the lack of knowledge than equipment.'® This study
showed that the importance of the WHO warm chain
was well acknowledged, but there is room for improve-
ment in its practice. Deng et al® conducted a study
to explore the factors impacting nurses’ knowledge,
perceptions and practice related to skin-to-skin care in
neonatal intensive care units in China. They found that
most nurses acknowledged the benefits of skin-to-skin
care, but depth of knowledge and awareness were inad-
equate, thus affecting their performance in supporting
skin-to-skin care. We feel that an in-depth knowledge
of the difference between cold stress and hypothermia
will significantly fill this gap between knowledge and

practice. However, knowledge alone does not assure prac-
tice. Deng et al’” also reported that the nurses perceived
increased workloads with significant time consumption
of skin-to-skin care implementation as a disadvantage. A
proper facility setup and sufficient human resources are
necessary for healthcare workers to practice thermal care
based on their knowledge.”*

Lack of guidance on equipment to rewarm hypothermic
neonates

Unlike preventive measures, opinions on rewarming
methods differed among participants. Some preferred
radiant warmers and others preferred closed incubators.
Many participants were uncertain about the effectiveness
of heated mattresses. Thus, they preferred skin-to-skin
care to heated mattresses for rewarming even in clinically
unstable neonates.

Many of these choices may directly result from the
availability of these technical devices in the participants’
working environment and the practical experience. The
difference between theoretical and practical preferences
warrants the careful implementation of warming devices
to avoid using complex and costly equipment where
lower technology may be sufficient, especially when it
limits skin-to-skin care.

Most participants agreed that closed incubators were
expensive to purchase even though they were considered
effective, which may explain the low availability of closed
incubators in their institutions. WHO warns that closed
incubators may be more of a hazard than a benefit to
the neonate and should only be used in hospitals where
skilled personnel can run, maintain and repair them
and where a reliable electricity supply is warranted.''
Based on the responses from our questionnaire, the
reasons why heated mattresses remain largely unavail-
able in many institutions appear to be the perceived
uncertainty of their effectiveness. Affordable, robust and
easy-to-use warming devices, whatever they may be, must
be made available to prevent and treat neonatal hypo-
thermia in low-resource settings. Although there is not
a one-size-fits-all approach to rewarming hypothermic
neonates, practical guidance for choosing context-
adapted warming devices balancing effectiveness, safety
and affordability is necessary.

Limitations

Although closed questions were time efficient and easier
to analyse statistically, they limited the range of partic-
ipant responses. Another limitation was a low diver-
sity in participants due to the difficulty in recruiting,
thus possibly limiting the generalisability of the results.
Finally, due to the voluntary nature of participation in the
survey, the response rate of the second survey by partic-
ipants of the first survey was low, and the questionnaire
lacked some answers which may weaken the validity and
reliability. Providing denominators where applicable,
however, may have improved them.
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CONCLUSIONS

An inadequate understanding of cold stress underesti-
mates the potential benefits of extremity temperatures
and leads to missed opportunities for the timely preven-
tion of hypothermia. The current thermal care guide-
lines fail to highlight the importance of monitoring and
detecting cold stress and intervening before hypothermia
occurs. Therefore, we urge introducing the concept of
cold stress and the hand touch method to check extremity
temperatures to detect cold stress before hypothermia
occurs in any neonatal thermal care guidelines. The full
potential, effectiveness and feasibility in monitoring ther-
moregulation of the neonate remain to be more broadly
investigated in low-resource settings, though.
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