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CLINICAL MANAGEMENT

INFRARED THERMOGRAPHY - A NEW
APPROACH FOR TEMPERATURE MONITORING
IN NEONATES

INTRODUCTION. Infrared thermography is an alternative for measuring
the body temperature of the neonates without touching or disturbing them. This
technique can replace the conventional means of measuring the body
temperature. It works by measuring the thermal radiation of the body’s surface .

OBJECTIVE. Promoting this noninvasive method of measuring body
temperature. This method eliminates the discomfort caused by the sticking of
electrodes on the skin and eliminates possible burns or necrosis caused by them.

MATERIALS AND METHODS. We used an infiared digital camera for
measuring the body temperature of 45 neonates in the first hour of life. We
compared the values obtained by different types of temperature monitoring
devices.

RESULTS. The arms, the ties and the buttocks tend to change their
temperature according to the room’s temperature. The skin on the abdomen and
chest has a more stable temperature that doesn’t modify easy despite the room
temperature. The temperature values obtained through IR thermography are
similar to the ones obtained through temperature measurement with skin sensors
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NTRODUCTION

or axillary temperature measurement.
CONCLUSIONS. The infrared digital cameras are easy to use, precise and

Measuring body temperature is a vital parameter can measure very rapidly the neonates’ body temperature without touching them, in
in monitoring newborns. Occurrence of fever in perfect consistency with the minimal stimulation protocol .

these fragile patients is a reliable indicator of an un-
derlying infectious pathology or an eating disorder.

Newborns possess certain anatomical features that
make them vulnerable to temperature changes in the sur-
rounding environment. These features are: reduced amount
of subcutaneous fat, thin epidermis, large body surface
area in proportion to body mass, blood vessels located near
the skin surface. Newborns tend to lose heat 4 times faster
than adults [1].

Thermal instability of newborns is worth discussing espe-
cially in the first 5 days of life [2]. For this reason it is es-
sential for the newborn to be placed in conditions that will
ensure thermal neutrality [3].

After birth, the temperature of a newborn will rapidly drop,
requiring activation of metabolic thermogenesis (lipolysis
of brown fat). This thermogenesis will resume for several
hours. It is substantial to mention that thermogenesis will
take place only in the conditions of adequate tissue oxy-
genation, a hypoxic newborn being unable to produce
enough heat to self-adapt thermally [4].

According to the WHO, normal body temperature values
range between 36.5 and 37.5 degrees Celsius. Although the
AAP mentions that multiple cases of pediatric febrile epi-
sodes don’t require treatment (AAP, 2006), it should not
be ignored that, in infants under 90 days of age, fever must
be recognized and urgently investigated, as their condition
can promptly deteriorate [5].

Temperature can be measured by the means of mercury
thermometers, electronic thermometers, skin temperature
sensors and more recently, using infrared cameras. Taking
into account that there exist concerns referring to transmis-
sion of possible infections through the medium of reusable
thermometers, it is sensible to use non-invasive methods
that do not involve contact with the skin or mucous mem-

branes of newborns [6]. In a newborn, temperature

values are measured with mercury or electronic axil-
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lary thermometers due to safety, hygiene and simplicity
reasons. There are not enough arguments to encourage
intrarectal temperature measurement [7]. A meta-analysis
conducted in the year 2000 on 3,201 participants (20 stud-
ies) demonstrated that the mean difference in rectal and
axillary values is 0.17 degrees Celsius (-0, 15-0.50 degrees
C) in newborns and 0.92 degrees Celsius (-0.15-1.98 de-
grees C) in children and young adults [8].

In a neonatal intensive care unit, the gold standard for tem-
perature measurement is by the incubator electronic sen-
sors. They are attached to skin using adhesive tape which
in premature babies can produce skin ulcerations upon
removal. Consequently, it is necessary to implement tech-
nologies based on remote measurement of body tempera-
ture [9].

R.P. Clark and J.K. Stothers already used infrared color

thermography to monitor newborns skin temperature dis-
tribution in as early as 1980.

The utilization of infrared thermography is based on the
principle that all bodies with a temperature above absolute
zero release electromagnetic radiation, known as infrared
radiation or thermal radiation (wavelength of 0.75-1000
Im).

Human skin has a constant emissivity of 0.98 = 0.01 for a
wavelength of 2-14 Im (4.13). This emissivity does not
depend on the color of the skin. Furthermore, emissivity is
not affected even if the skin is burned. Cosmetics applied
to the skin can modify its emissivity [10].

The first infrared emission detector was built during World
War II. Little by little, these infrared detectors were accus-
tomed to medicinal purposes covering a variety of patholo-

gies.
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Figure 1. Neonates distribution by delivery mode
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Figure 2. Neonates distribution by gender
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Figure 3. Infrared thermal scanner — FLIR THERMA-
CAM B4

FLIR THERMACAM B4

Jung et al. [11] and Ammer et Ring [12] pointed out the
fields of medicine in which infrared thermography was
used: diabetic neuropathy, vascular disorders, breast can-
cer detection, thermoregulation studies, fever screening,
neurological imaging (thermoencephaloscopy), dentistry,
dermatology, muscle pain, rheumatology, ophthalmology,
liver metastases detection, intestinal ischemia, kidney
transplantation, cardiology, gynecology, cryotherapy, neo-
natology and pediatrics, forensic medicine.

The relevance of IR thermography is limited by the depth
m of its penetration, IR radiation not being emitted by
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skin layers beyond 5 mm deep, therefore being ineffective
in examining tissues in depth or organs. Granted that a
large number of physiological or pathological changes
trigger alterations in the dermis through the capillary net-
work, IR thermography proves to be an effective tool in
assessing patients. Rapid progression of technology in this
field makes us consider this method of patient examina-
tion, especially since there are scientific papers that prove
the importance of applying IR thermography [13].

Since the 1980s IR thermography has proven to be useful
in neonatology while studying the physiology of ther-
moregulation in newborns and investigating necrotizing
enterocolitis in preterm infants [14].

In 2020, Lorato et al. published an article that demonstrat-
ed that infrared thermography with multiple camera can be
used for evaluating the respiratory motion of the infants,
avoiding skin damage generated by sensors for chest im-
pedance [15].

Given that no direct skin contact is necessary, IR thermog-
raphy can be used to optimize thermal conditions in deliv-
ery rooms and NICU. Incubators that can monitor temper-
ature of newborns by IR thermography can also be con-
structed.

ATERIAL AND METHODS

In the Filantropia Clinical Hospital from Bucharest,
Romania, we completed a clinical study in which we mon-
itored body temperature of newborns at the end of the first
hour of their life. Temperature measuring was performed
for a group of 45 healthy full-term infants, at the Filantro-
pia Clinical Hospital from Bucharest, in the time period of
May — June 2013.

Newborns involved in this research received Apgar 9 and
10 at 1 and 5 minutes. They all had normal weight at term.
Premature babies or newborns with medical conditions
diagnosed antepartum or immediately after birth were not
included.

Regarding the delivery type, both newborns from sponta-
neous and cesarean section were randomly selected
(57.77% vs. 42.23% — figure 1).

Gender distribution of newborns was also aleatory, the
majority represented by male babies (64.44% — figure 2).

Temperature measurements were taken after the first bath
and skin cleansing, at about 50 minutes of life. The new-
borns were placed in open incubators. Because our goal
was to quantify the temperature with a thermography cam-
era (FLIR — forward looking infrared), we avoided placing
the newborns in closed plexiglass incubators, as this mate-
rial reflects the entire infrared spectrum. We compared
temperature measurements obtained by the sensors in the
open incubators (placed on the abdomen) for 23 nn. and
electronic thermometers placed in the axillae for 22 nn.,
with the maximum temperature indicated by the thermo-
graph in the abdomen.

We used the FLIR THERMACAM B4 thermograph
(Figure 3). This device has high accuracy in measuring
infrared emission, especially the temperature, its thermal
sensitivity being of 0.08 degrees Celsius. This tempera-
ture detection precision is maintained over
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Figure 5. Temperature distribution after birth

the range of -20 to +55 degrees Celsius in ambient temper-
ature. (according to the manufacturer's technical descrip-
tion). This device was used because it was the only one we
could find at that time and this one belonged to the 3™
Clinic of the National Institute of Recovery, Physical Med-
icine and Balneology, Bucharest.

With reference to the ambient temperature of newborns at
the time of measurement and the thermal indicator show-
ing 26 degrees Celsius, we consider that the accuracy of
the device was not affected.

The reference temperature for thermography was estab-
lished to be the upper abdomen and chest temperature, be-
cause these zones are considered to be the most thermally
stable ones.

The software used for interpreting the infrared images was
provided by the manufacturer of the thermal scanner —
FLIR Quick Report 1.2 SP2 (Figure 4).

Figure 4. Thermal imaging analyzing software
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ESULTS

The study determined that immediately after birth the
temperature is relatively even over the entire body surface
(figure 5). As expected, the peripheral areas are the ones
that lose heat the easiest.

Bi<de00

The thermographic images depict green-blue coloration for
the colder areas and reddish coloration for the warmer are-
as. In order to correctly interpret the images obtained by
thermography, it is important to carefully visualize and
analyze the temperature and color scale (figure 6). In fig-
ure 6 one can best observe the contrast between the blue
color of colder areas (the surrounding environment with a
temperature of approximately 26 degrees Celsius) and the
red color of the warmest areas of the body (chest and abdo-
men — approximately 36.8 degrees Celsius).

Skin temperature evens out immediately after bathing.

This can be witnessed by comparing the image obtained

before bathing (figure 7) and the image obtained after

bathing (figure 8). The uniformity of temperature distribu-

tion is a result not only of bathing, but also of the open

incubator where heat is regulated according to the skin
temperature of a newborn.
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Figure 6. Color spectrum depending on the temperature
(from blue to red)

Figure 7. Temperature distribution before bathing

37.0 °C

o Ht

[

In the first group in which temperature measurements
were obtained by the electronic skin sensor was compared
with the temperature measurements obtained by the
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Figure 8. Temperature distribution after bathing Figure 11. Comparison between temperature mean val-

- ues cutaneous sensor vs thermometer vs. FLIR B4
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Figure 9. Temperature comparison FLIR B4 vs. cutaneous sensor (23 neo-

nates) graph, average values of 36.75 and 36.76
degrees Celsius were registered (figure
4 . 10).
372 Mean values obtained by measuring tem-
perature using the 3 methods (skin sensor,
37 electronic thermometer and thermograph)
3.0 == were very similar (36.791, 36.759 and
26 OTERMOGRAF 36.781) (figure 11). For this reason, it is
SENZOR evident that usage of thermography as a
3.4 1 method of measuring temperature is an
%7 . alternative that must be taken into ac-
count, especially since it does not involve
36 any risk for the newborns.
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During this study, the infrared ther-
Figure 10. Temperature comparison FLIR B4 vs. thermometer (22 neo- mograph proved to be a reliable tool for

nates) noninvasive temperature monitoring. Given

the fact that our aim is to be as gentle as

374 4 1 possible with the neonates, a new, noninva-

372 sive tool for routine evaluation could be an
a7 1 _l asset for each neonatology department.

%8 In 2012, Abbas et al. conducted a study on
12 preterm babies in different scenarios
%6 1 A aTERMOGRAF | (convective neonatal incubator, kangaroo
364 4 — mother care, open radiant warmer) and they
362 4 = concluded that IR thermography can be
36 4 used as a standard temperature monitoring
technique for the neonate [14]. As opposed
358 1 to their methods, we used IR thermography
356 - for measuring temperature in a group of 45
354 . 18 1 full term neonates, but in a single type of
1234567 8 910111213141516171819202122 environment in their first our of life. Even
if we used different types of neonatal pa-
tients and different types of scenarios, the
benefits of using IR thermography were obvious in both of
studies.

In 2013, when this study was conducted, it was a national
premiere for the use of thermography in Neonatol- _»m

ogy.

STERMOMETRU

thermograph, average values of 36.79 and 36.75 degrees
Celsius were recorded (figure 9).

In the second group, in which the temperature findings
were acquired with the axillary thermometer and compared
with the temperature findings acquired with the thermo-
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The study was presented at the National Conference on
Neonatology in Murighiol in 2013 [16] and later at the
18th Congress of the Polish Association of Thermology, in
Zakopane, in 2014 [17], where it was highly regarded.
Thermography was subsequently used in Romania in other
studies to evaluate the respiration of the newborn [18].

ONCLUSIONS

Considering the intention of minimizing stimulation
of infants in neonatology departments, applying infrared
thermography to measure temperature of newborns ap-
pears to be a feasible solution.

A thermograph is a convenient device that provides instan-
taneous temperature values at the moment of measure-
ment. Comparing a thermograph with electronic tempera-
ture sensors and electronic thermometers we established
that this tool reveals high-precision data while measuring
skin temperature.

By using a thermograph, appearance of dermatitis and skin
lesions generated by the plaster when fixing electronic
temperature sensors are avoided, as well as
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the risk of transmitting infections from one patient to an-
other through reusable thermometers is reduced and mini-
mum stimulation protocol specific to neonatal intensive
care units is successfully complied with. Moreover, time
required to measure temperature of newborns in a neona-
tology department decreases significantly while using a
thermograph compared to other methods.

The advantage of obtaining digital images with the infra-
red thermal profile of a newborn is the fact that these im-
ages can be stored and subsequently studied in order to
perform extensive investigations of infrared thermography.

A thermograph in a neonatology department can replace
thermometers, shorten temperature measurement time,
decrease the rate of transmission of infections through re-
usable thermometers and reduce the incidence of dermati-
tis and skin lesions caused by the adhesive of the skin sen-
sors. In conclusion, a thermograph is an easy to use, accu-
rate and cost-effective device worth invested in for a neo-
natology department.
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