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Abstract
Aim—To determine ranges for skin tem-
peratures in infants weighing under 1000 g
in the first five days of life.
Method—Abdominal skin and foot tem-
peratures were automatically collected
each second, averaged over 1 minute and
stored on computer. A computer program
analysed the data in 83 babies weighing
under 1000 g at birth over the first five
days of life and expressed the tempera-
tures as means and standard deviation.
The temperature patterns seen in these
babies were also visually analysed. The
relation between an increasing abdominal
skin-foot temperature diVerence and
other signs of hypovolaemia was also
studied.
Results—These babies all had similar
temperature patterns. Just after birth
there was little ability to vasoconstrict in
the presence of cold stress and the babies
behaved more like poikilothermic ani-
mals. Vasomotor tone developed in the
first three days, resulting in a stabilisation
of the abdominal skin temperature to a
mean of 36.90C and a widening of the
central-peripheral temperature diVer-
ence (Td) to a mean of 1.00 C. A Td of >
20 C was associated with other evidence of
hypovolaemia for only 11% of the time.
Conclusions—Infants weighing under
1000 g have poor vasomotor control at
birth and are at increased risk from cold
stress. After the first two to three days of
life, monitoring the central-peripheral
temperature diVerence gives an early
indication of cold stress.
(Arch Dis Child 1997;76:F47–F50)
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Thermal stress in neonates has been associated
with increased mortality and morbidity.1 The
preterm baby is particularly vulnerable because
of increased heat loss and immature or absent
thermoregulatory mechanisms.2 Even with
modern methods of temperature control the
increased metabolic demands caused by ther-
mal stress can result in insuYcient energy left
over for good growth.
The body attempts to maintain a constant

central temperature within narrow limits.3 To
do this there must be a balance between heat
production and heat exchange with the envi-
ronment. This exchange with the surroundings
occurs by conduction, convection, radiation

and evaporation. The eVect of these four
modes will depend on gestation, postnatal age,
the characteristics of the environment and the
proportions of the body in contact with the
mattress, and clothing. To determine the heat
exchange between the infant and the environ-
ment we must know the heat loss from the skin
per unit surface area, the total body surface
area, and the proportion of the surface area
participating in the diVerent modes of heat
exchange.
Individual studies have shown us the im-

portance of all these factors in heat exchange
and have led to recommendations about the
physical environment of the preterm baby—for
example, the importance of high humidity to
prevent evaporative heat losses.4 5 However, the
relation of the infant, and in particular the pre-
term baby, with its environment is constantly
changing and although we understand some-
thing of this, what we need is an easy method of
continuously monitoring and assessing the
thermal state of the baby.
There is no simple cotside method of meas-

uring heat exchange. Similarly, the metabolic
eVects, measured by oxygen consumption,
cannot be monitored continuously in babies
undergoing intensive care.Measurement of the
baby’s temperature is normal practice in
neonatal care. However, the intermittent
measurement of a single temperature tells us
only how eYcient the baby is at maintaining
temperature but nothing about the metabolic
cost of achieving it.
An early response to thermal stress is a

change in peripheral temperature that occurs
before any alteration in the central tempera-
ture. Cold stress causes peripheral vasocon-
striction and centralisation of the circulation in
an attempt to maintain the core temperature.
Measurement of both a central and a periph-
eral temperature and the continuous monitor-
ing of the central-peripheral temperature dif-
ference will give an early indication of thermal
stress, before any change is seen in the core
temperature.6 There is, however, little infor-
mation on the normal temperatures of ex-
tremely preterm infants.
All babies in our intensive care unit have

continuous monitoring of a central tempera-
ture with a probe on the abdominal skin, sited
over the liver, and peripheral temperature
measured on the sole of the foot. The aim of
this study was to determine the eVect of
postnatal age on the abdominal and foot
temperatures and the central-peripheral tem-
perature diVerence in infants weighing less
than 1000 g at birth.
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Methods
Babies weighing less than 1000 g admitted over
a two year period, and with temperature data in
the first five days of life, were included. A
standard neonatal monitoring system
(Hewlett-Packard, HP78344A) with two tem-
perature channels was used. The temperature
probes from this monitor were taped to the
abdominal skin over the liver and to the sole of
the foot and were covered to prevent any eVect
from direct heat. A computer monitoring
system7 collected all physiological data, includ-
ing both temperatures, at one second intervals
from the monitor, averaged the readings over
one minute, and stored this value. The data
were also displayed as trend graphs on the
screen at the cotside.
The babies were covered by a plastic sheet

and nursed in humidified incubators (80%
relative humidity) for the first week of life. The

incubators were used with air mode control,
the nurses setting the temperature to achieve a
neutral thermal environment.8

The temperature readings for each baby
were analysed using a computer program
which also removed artefact caused by the
probes not in contact with the skin. For each
baby the readings were averaged over each of
the five days. These daily averages were then
combined for all the babies giving an average
temperature for each of the first five days of life.
Comparison between the days was done by
two-way analysis of variance. Stepwise linear
regression was used to analyse any association
between changes in the central-peripheral tem-
perature diVerence (Td) and outcome.
The computer program developed for the

analysis contained a language which could be
used to describe patterns within the data and
could therefore be used to find developing
trends. The relation between Td and hypovol-
aemia was tested by searching for episodes in
which Td was increasing above 20 C in associ-
ation with a rising heart rate and/or falling
blood pressure. The proportion of time that a
central-peripheral temperature diVerence of
more than 20 C—without any fall in the central
temperature—was associated with these classic
indicators of hypovolaemia, was calculated.

Results
Eighty three babies were included. Figures 1-3
and table 1 show the means and standard
deviations of the abdominal (Tc), foot (Tp),
and central-peripheral temperature diVerence
(Td) for each postnatal day.
Table 2 gives the percentage of time that the

abdominal skin temperature (Tc) was above
37.50 C or below 36.3 0 C. The widest
variations in this temperature were seen on day
1. Table 2 also gives the percentage of time that
the central-peripheral temperature diVerence
(Td) was above 20C (a wide gap) or below 00 C
—that is, the foot temperature was greater than
that of the abdomen.This was not due to probe
problems or other artefact, but was a real phe-
nomenon, lasting anything from a few minutes
to several hours. There seemed to be an associ-
ation between death and the proportion of time
that Tp was greater than Tc (P=0.04), but this
was no longer significant when birthweight was
included in the regression analysis.
All the babies had a similar pattern in their

temperature traces during the first two to three
days of life. A typical example of the computer
monitoring trace is shown in fig 4. Just after
birth there was a period (A) when Tc and Tp
were almost equal and were very variable, pos-
sibly responding to changes in the environmen-
tal temperature. There was little evidence of

Figure 1 Mean (SD) abdominal skin temperature
according to postnatal age
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Figure 2 Mean (SD) foot temperature according to
postnatal age
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Figure 3 Mean (SD) central-peripheral temperature
diVerence according to postnatal age
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Table 1 Mean (SD) abdominal skin (Tc), foot (Tp) and central-peripheral temperature diVerence with postnatal age

Postnatal age (days) Tc mean (°C) Tc SD Tp mean (°C) Tp SD Td mean (°C) Td SD

1 36.8 .56 36.5 .57 0.4 .51
2 37.1 .43 36.4 .52 0.8 .46
3 37.2 .38 36.3 .61 0.9 .56
4 37.2 .44 36.2 .58 1.0 .58
5 37.2 .38 36.1 .64 1.0 .60

Tc: (day 1 vs day 2)and (day 1 vs day 5) −P < 0.0001. Td: (day 1 vs day 2) and (day 2 vs day 5)−P < 0.0001. Tp: (day 1 vs day 5)
−P = 0.001.

F48 Lyon, Pikaar, Badger,McIntosh

http://fn.bmj.com


peripheral vasoconstriction in response to cold
stress and the foot temperature (Tp) was often
greater than that of the abdominal skin (Tc). In
phase B the more normal pattern with Tc>Tp
was seen, but there were still frequent episodes
of temperature reversal, often associated with
handling. Phase C was associated with the
development of normal peripheral vasocon-
striction in response to cold stress and
occurred at a median time of 29 hours after
birth, with a range of 3 to 92 hours.
A central-peripheral temperature diVerence

(Td) of more than 20 C was associated with a
rising heart rate and/or falling blood pressure
for only 11.4% of the total time. At all other
times there was no other evidence to suggest
hypovolaemia despite a high Td.

Discussion
The continuous monitoring of a central and a
peripheral temperature and the graphical
display of the central-peripheral diVerence
gives an early indication of developing cold
stress in a neonate. The foot is traditionally
used to measure peripheral temperature and in
term babies this may be the only area of skin to
react to increasing cold with vasoconstriction.9

Blood flow to the trunk may actually increase
as the environmental temperature is lowered,9

emphasising the vulnerability of the exposed
newborn baby to cold stress—a situation likely
to be exacerbated by prematurity. As the

abdominal skin does not vasoconstrict it can be
used as an indicator of central temperature and
is easier and safer than using the rectum,10–11

but the probes need to be screened from direct
heat sources, such as phototherapy units. The
babies were all nursed in humidified incubators
and air mode control was used because of the
known increased thermal stress caused by
Servo control driven by a set abdominal skin
temperature.12

The results are based on a large number of
data points, and represent the ranges of
temperatures achieved by these babies when
cared for by experienced staV who altered
incubator air temperature to maintain them in
a state of optimal comfort. It is diYcult to know
how these relate to “normal temperatures” for
this group of babies, but such normal ranges
probably cannot be defined in a conventional
way because of methodological problems in
measuring heat flux and metabolic rates.
Current published data are for more mature
infants.8 Even if we had information on optimal
environmental settings it would be important
to have some means of continuously monitor-
ing these babies as their relation with the envi-
ronment changes.13 The use of the central-
peripheral temperature diVerence gives a better
indication of the thermal state of the baby than
measurement of a single temperature alone.
Very preterm babies lose a significant

amount of heat from the skin, particularly
through evaporation, and their thermoregula-
tory mechanisms are immature.2 Peripheral
vasoconstriction is an early reaction to cold
stress but our results show that in infants
weighing under 1000 g at birth, this response is
not present at birth but develops over the first
two to three days of life. Before this the central
and peripheral temperatures are similar and
both are directly aVected by the environmental
temperature—that is, the baby behaves more
like a poikilotherm. As the baby develops the
ability to vasoconstrict, the central temperature
(Tc) is stabilised and the mean central-
peripheral temperature diVerence (Td) in-
creases, suggesting better thermal stability. The
apparent temperature instability in the first
days of life was not associated with any other
events in the baby, such as intraventricular
haemorrhage.
During the first days of life, there were peri-

ods in which the foot was warmer than the
abdominal skin (Tp>Tc) and this temperature
reversal was often associated with handling.
These babies were nursed in humidified
incubators and with handling the humidity
dropped rapidly as the incubator ports were
opened. During this time evaporative heat
losses would increase from exposed surfaces,
such as the trunk. Often the baby’s feet would
remain covered during this handling and the
slower heat loss from the feet compared with
the trunk led to the temperature reversal. The
association between death and the increased
proportion of time with the reversed tempera-
ture pattern may just be a reflection of the fact
that the sicker babies are handled more often.
In addition to being seen in cold stress, a

high central-peripheral temperature diVerence

Table 2 Percentage of time abdominal skin temperature (Tc) > 37.5 and < 36.3°C and
central-peripheral temperature diVerence > 2.0 and < 0 °C

Postnatal age (days) Tc % > 37.5 °C Tc % < 36.3 °C Td % > 2.0 °C Td % < 0 °C

1 16.7 12.2 2.7 18.3
2 13.9 6.3 4.3 9.8
3 14.8 8.1 4.8 7.3
4 8.0 7.1 6.4 5.5
5 14.4 8.6 7.2 4.9

Figure 4 Computer monitor trace of abdominal skin (top line) and foot temperatures
(bottom line), with shaded area showing central-peripheral temperature diVerence: baby
boy, gestation 26 weeks, birthweight 700 g, first 36 hours of life.
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might be the result of poor peripheral perfusion
caused by hypovolaemia. A low circulating
blood volume will result in a compensatory rise
in heart rate and eventually to a fall in blood
pressure. In this study these indirect indicators
of hypovolaemia were only found in 11.4% of
the total time that Td was greater than 20 C,
suggesting that changes in the central-
peripheral temperature diVerence are more
likely to reflect thermal stress in these babies.
Immature babies have a reduced vasomotor

response to cold stress in the first days of life.
The ability to vasoconstrict peripherally devel-
ops during the first postnatal days but before
this time the infant is at increased risk from
heat loss. Subsequently, the use of a central-
peripheral temperature diVerence (Td) is a
useful indicator of cold stress and the aim
should be to keep Td at around 10 C by alter-
ing incubator air temperature and humidity.
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