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Among preterm infants there is a relationship between skin
blood flow and transepidermal water loss (TEWL). The aim of
this study was to assess whether halogen spotlight phototherapy
without significant heat stress increases TEWL and affects main-
tenance fluid requirements in preterm infants. TEWL was mea-
sured noninvasively before the start and after 1 h of halogen
spotlight phototherapy in a group of preterm infants, nursed in
double-walled incubators with moderately high relative humid-
ity. Relative humidity and ambient temperature in the incubator
were tightly controlled. Mean � SD birth weight of the 18
infants was 1412 � 256 g, gestational age 30.6 � 1.6 wk, and
age at measurement 5 � 3 d. Nine infants received ventilatory
assistance. Relative humidity was 40–80% (mean 52%). Aver-
age TEWL increased from 13.6 to 16.5 g/m2/h during photother-
apy. These data show that TEWL increases by approximately

20% during phototherapy despite constant skin temperature and
relative humidity. Maintenance fluids of preterm infants should
be increased by 0.35 mL/kg/h during exposure to halogen spot-
light phototherapy. (Pediatr Res 51: 402–405, 2002)

Abbreviations
Hconv, heat exchange through convection
Hevap, heat exchange through evaporation
Hrad, heat exchange through radiation
Htot, total heat loss
RH, relative humidity
TEWL, transepidermal water loss
Tamb, ambient temperature in the incubator
Troof, temperature of the incubator roof
Tskin, skin temperature

Phototherapy is a standard therapy for hyperbilirubinemia in
the newborn. Although it has proven to be an effective and
relatively safe treatment (1), uncertainty still exists about
whether phototherapy influences the fluid balance of the infant.
Previously, studies on the effect of phototherapy upon insen-
sible water loss reported a range of extra water loss between 0
and well over 100% (2–4). All of these studies were using
bank lights.

The present study is designed to assess the amount of extra
water loss through evaporation during phototherapy, given by
the currently used halogen spotlights instead of the older bank
lights. Various studies have demonstrated that the radiative
energy of the phototherapy lamp increases skin blood flow
(5–8). We therefore expect that the heat balance of a newborn
infant during phototherapy is affected by heat loss through
evaporation. Extra fluid intake will then be necessary. We
measured TEWL in 18 preterm infants receiving halogen
spotlight phototherapy to examine this hypothesis.

METHODS

Subjects. All subjects were admitted to the neonatal inten-
sive care unit of the Leiden University Medical Center/the
Juliana Children’s Hospital for treatment of prematurity and
developed nonhemolytic hyperbilirubinemia during their nurs-
ery course for which they received phototherapy. Infants se-
lected for this study were born after a gestational age of �34
wk, appropriate for gestational age, and nursed in a double-
walled incubator (type 8000, Dräger, Lübeck, Germany) in
which the RH was at least 40% at the time of the measure-
ments. The infants were nursed naked on a white surface.
Exclusion criteria included metabolic disorders and serious
skin lesions. The Medical Ethics Committees of the hospitals
approved the study and informed consent was obtained from
the parents of all infants.

TEWL measurements were done on the skin of 18 preterm
infants. The infants were born after a (mean � SD) gestational
age of 30.6 � 1.6 wk (range 27–34 wk) and had a weight at
birth of 1412 � 256 g (range 966–1880 g). The Apgar score at
5 min had a median of 8 (range 3–9). At the time of the
measurements, the infants had a postnatal age of 5 � 3 d (range
1–11 d) and their weight had slightly diminished to 1367 �
308 g (range 1010–2044 g). Nine infants received ventilatory
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assistance: eight with mechanical ventilation and one with
nasal continuous positive airway pressure. RH at the time of
the measurements was at least 40% (mean 52%, range
40–80%).

Instruments. The infants in this study all received photo-
therapy for neonatal jaundice after nursery standards for un-
conjugated hyperbilirubinemia were met (9). Phototherapy was
provided by a spotlight single-quartz lamp (Bililight Ohmeda,
Ohmeda Medical, Columbia, MD, U.S.A.) at a distance of 55
cm from the skin of the infant. Thus, an irradiance of approx-
imately 12.5 �W/cm2/nm was achieved, as measured by a
phototherapy light energy meter (BiliBlanket Meter, Ohmeda).
The wavelength of the radiation was mainly between 420 and
480 nm. Tamb in the incubator was measured by the tempera-
ture sensor of the incubator; Tskin and Troof were measured by
YSI telethermometer probes (YSI Inc., Yellow Springs, OH,
U.S.A.). We used the Tewameter TM210 (Courage&Khazaka
electronic, Cologne, Germany), calibrated by the manufacturer,
to measure TEWL. This device measures the evaporation rate
noninvasively by determining the water vapor pressure gradi-
ent close to the skin surface. This instrument has been used in
various studies and proved to be accurate (10, 11).

Protocol. Measurements started when hyperbilirubinemia
was diagnosed. The TEWL probe was placed on the chest or on
the back, depending on the position of the infant, and per-
formed its 9-min measurement. Approximately 60 min after
the start of the phototherapy the second measurement took
place. At both time points TEWL was in a steady state. The
nursery staff adjusted Tamb if Tskin exceeded 37.5°C. The RH
was kept constant during the entire procedure. Measurements
included TEWL, RH, Tamb, Tskin, and Troof.

Data analysis. Data are presented as mean � SD. From the
data obtained from Troof, Tskin, Tamb, and TEWL, heat ex-
change (H) through convection (Hconv), radiation (Hrad), and
evaporation (Hevap) was calculated using the equations:

Hconv � c1
*(Tskin-Tamb)

Hrad � S0
*e1

*e2
*(Tskin

4-Troof
4)

Hevap � c2
*TEWL*(3.6*103)-1

where c1 is the convection coefficient (2.7 W/m2/K), S0 the
Stefan-Bolzman’s constant (5.7 · 10�8 W/m2/K4), e1 the emis-
sivity of the skin (1), e2 the emissivity of the surrounding walls
(0.97), and c2 the latent heat of evaporation (2.4 · 103 J/g) (12).
Statistical analysis was performed using the Student t test on
paired observations. p Values �0.05 were considered statisti-
cally significant.

RESULTS

Before phototherapy, Troof was 32.2 � 1.2°C (range 30.5–
33.5°C) and after 1 h of phototherapy, it was 32.5 � 1.1°C
(range 30.4–33.2°C, p � 0.20). To prevent the skin tempera-
ture from exceeding 37.5°C, Tamb was manually adjusted from
32.3 � 1.6°C (range 29.5–34.7°C) before to 32.0 � 1.4°C
(range 29.5–34.0°C, p � 0.02) during phototherapy. This

resulted in a stable Tskin, with values of 36.7 � 0.6°C (range
35.2–37.4°C) before and 36.9 � 0.4°C (range 35.8–36.8°C, p
� 0.40) during phototherapy. These changes led to a shift in
heat exchange: Hconv augmented from 11.0 W/m2 to 12.3
W/m2 (p � 0.02), whereas Hrad seemed stable (27.8 W/m2

before phototherapy, 27.6 W/m2 after 1 h of phototherapy (p �
0.91). These observations agree with known industry standards
(Dräger).

The mean TEWL before phototherapy was 13.6 � 6.3
g/m2/h. After 1 h of phototherapy, TEWL had risen to 16.5 �
6.2 g/m2/h (p � 0.003), an increase of 21.3%. Consequently,
Hevap changed from 9.1 to 11.0 W/m2. There were no differ-
ences between TEWL measurements in the abdomen and back
and TEWL had returned to prephototherapy values within 1 h
after discontinuation of phototherapy.

Data obtained during a pilot study show that initiating
phototherapy increases Troof by 2°C. Adjusting Tamb decreased
Troof again, resulting in an unaffected Hrad and a slight increase
of Hconv after 1 h of phototherapy. Total heat loss through
convection, radiation, and evaporation was not influenced by
starting phototherapy treatment [46.3 W/m2 before photother-
apy, 50.7 W/m2 after 1 h (p � 0.10)].

DISCUSSION

Our data show that TEWL from the skin of a preterm infant
increases by about 20% during phototherapy, even when am-
bient conditions are manipulated in such a way that heat
balance and skin temperature remain virtually unaffected. Cal-
culating the amount of extra fluid needed during phototherapy,
we used the equation:

body surface area � 0.024265 * L0.3964 * W0.5378 (L in m, W in kg)

validated for low birth weight infants (13, 14). Using this
equation, the body surface area of the preterm infants in this
study was 0.12 � 0.03 m2. Thus, 2.9 g/m2/h of extra fluid loss
should be compensated by 0.35 mL/kg/h. Based on these
observations, we recommend an extra fluid intake for preterm
babies receiving phototherapy of about 10 mL/kg/d.

Water balance in the preterm infant is of major importance
(15). Various studies state that a slightly negative water bal-
ance is favorable, because excess fluid can result in patent
ductus arteriosus, bronchopulmonary dysplasia, congestive
heart failure, and necrotizing enterocolitis (16–21). If, on the
other hand, compensation of the high water losses in the
preterm infant fails, dehydration, hypernatremia, and hyperka-
lemia may result, and it even may contribute to the complica-
tions of intraventricular hemorrhage and arrhythmia (22).

Potential pitfalls when evaluating the results of this study
include the position of the infants in the incubator (we mea-
sured TEWL from the skin of the upper abdomen or the upper
back, depending on the position of the infant at the time of
phototherapy). A recent study by Yosipovitch et al. (11)
compared the skin barrier properties in different skin body
areas in appropriate for gestational age infants. Although
marked differences in TEWL were found depending on the
anatomical site of measurement, water loss from the skin of the
abdomen and upper back did not differ statistically. Another
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potential artifact of accurate measurements is the influence of
direct light from the phototherapy unit (23). Therefore, the
Tewameter was protected during phototherapy by a small
shield, which did not influence the airflow (23) or the body area
exposed to phototherapy.

Early studies have reported larger increases of insensible
water loss than we found in this study (2, 3). Based on
insensible weight loss, these studies report that insensible
water loss during phototherapy may increase by as much as
110%. Although at the time of those studies no device for
measuring evaporative heat loss was available, this increase
was suggested to be partially due to increased respiratory water
loss (24). The use of a Potter baby scale for measuring the
weight loss may have overestimated the amount of insensible
water loss as well (25).

Kjartansson et al. (4) reported no significant increase in
water loss from the skin during phototherapy. This study used
the Evaporimeter, a device for determining evaporative water
loss based on the same method as the Tewameter. The average
skin temperature of the preterm infants in their study (36.2°C,
both before and during phototherapy) was significantly lower
than the normal range in our hospital. To keep the Tskin

constant, Tamb as well as RH were adjusted. Troof rose by as
much as 7.5°C, probably as a result of the use of bank lights
and the close proximity of the lights to the incubator roof. This,
in combination with the constant (low) Tskin, changed heat loss
through radiation during phototherapy from 33.6 W/m2 to a
heat gain of 15.9 W/m2. When the three ways of losing heat
(Hconv, Hrad, and Hevap) were added up, the infants in their
study were losing 40.5 W/m2 before phototherapy, while with
the lamp switched on, they heated up by 1.5 W/m2.

The use of the halogen spotlight phototherapy lamp instead
of a bank light diminishes the increase of Troof during photo-
therapy by 2.1°C (unpublished comparative data). This influ-
ences heat loss through radiation enormously. In previous
studies, servocontrol on skin temperature lowered the ambient
temperature of the incubator when the bank light was switched
on (4, 26). The use of halogen spotlights leads to smaller Tamb

adjustments and thus to a stable heat balance. Other reasons for
using spotlight phototherapy for nonhemolytic hyperbiliru-
binemia instead of bank lights are the higher irradiance levels
obtained (27) and the easy positioning of the light over the
incubator. Moreover, the skin color of the infant is less dis-
torted in spotlight phototherapy (28).

The observed increase in evaporation rate in these preterm
infants cannot be ascribed to a change in thermoregulation.
Various studies suggest that phototherapy increases skin blood
flow by as much as 70% (5–8). Although in full-term infants
an increase in skin blood flow does not account for extra
TEWL (29), we suggest that in preterm infants, who lack the
ability to sweat, there is a relationship between skin blood flow
and TEWL. Phototherapy increases skin blood flow by a
mechanism known as photorelaxation (30). The pathway of
this mechanism is still not completely solved, but there is
evidence of involvement of so-called nitrosothiols. Whereas
for a long time nitric oxide was thought to be the active
compound in photorelaxation (31), various recent studies have
pointed out that S-nitrosothiols account for the relaxation in

vascular smooth muscle cells (32–35), both by nitric oxide
release and by direct binding to nitrosothiol recognition sites
(33). This is an attractive hypothesis for the increase of skin
blood flow in infants receiving phototherapy, as nitrosothiol
isomers can suppress baroreceptor reflexes in the aortic arch
(33). This might be an explanation for the slight decrease in
cardiac output during phototherapy despite the fall in vascular
resistance (7).

We conclude from our findings that in preterm infants
TEWL increases by approximately 20% during phototherapy
with halogen spotlights despite constant skin temperature and
relative humidity. Maintenance fluids of these infants should
be increased by 0.35 mL/kg/h during exposure to phototherapy
or about 10 mL/kg/d.
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