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Skin conductance and arousal in the newborn

G Gladman, M L Chiswick

Abstract
We measured skin conductance continuously
from the sole of a foot in babies of different con-
ceptional ages before, during, and for 10 minutes
after a 'heel prick' carried out for routine blood
sampling. We studied 82 healthy babies whose
gestational and postnatal ages ranged from 25-42
weeks, and 1-73 days.
The median skin conductance level (preheel

prick) in babies of40-43 weeks' conceptional age
was 0.6 pS (microsiemens) and differed signifi-
candy between awake babies (1-2 ,iS) and those
who were asleep (0.5 gS). In contrast babies less
than 40 weeks had a significantly lower median
skin conductive level (0.3 [tS) which was identi-
cal in awake and asleep babies.

In response to the heel prick ali babies became
aroused and skin conductance rose sharply and
immediately in 21 out of 22 (95%) babies 40-43
weeks' conceptional age, and in seven out of 23
(30%) babies 36-39 weeks. The median rise at
one minute in babies of 40-43 weeks was signifi-
cantly higher than those 36-39 weeks (2-7 [jS
compared with 0-5 giS). No babies less than 36
weeks had a change in their skin conductance
after the heel prick. These results are consistent
with the notion that 'emotional sweating' is a
function of maturity and does not develop until
36 weeks' conceptional age.

When a small electrical current at constant voltage
flows between two electrodes attached to the skin
the amount of current passed is proportional to the
skin conductance level. The activity of the eccrine
sweat glands, controlled by postganglionic choli-
nergic fibres of the sympathetic nervous system, is
one important factor that influences the skin con-
ductance level. The plantar and palmar sweat
glands are activated by emotional arousal. In
adults measurements of electrodermal activity
from electrodes at these sites have been used by
psychologists as a marker of arousal,' by psychiat-
rists as a biological approach to the study of many
psychiatric disorders, and by criminologists as a
marker of deception.3
The aims of the present study were to assess

whether the resting skin conductance level in
babies was influenced by their state of arousal, and
to study the effect of a 'heel prick', carried out for
the purpose of blood sampling during clinical care,
on the skin conductance level.
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Patients and methods
We studied 82 healthy babies whose gestational
ages ranged from 25-42 weeks (median 32 weeks)
and whose postnatal ages ranged from 1-73 days
(median 8 days). Gestational age was assessed
when possible from four sources: the date of the
mother's last menstrual period, early antenatal

ultrasound scan; clinical assessment after birth;
and radiological bone age (babies on our unit who
have a chest radiograph taken also routinely have a
radiograph of one lower limb). Gestational age
assessed by these methods did not vary by more
than two weeks in individual babies, and therefore
the mother's dates or early ultrasound assessment
was used. We used the expression 'conceptional
age' for gestational age plus postnatal age.

Cot nursed babies were lightly clothed under a
double layer of blanket and the room air tempera-
ture ranged from 21°C to 25°C. Other babies were
nursed in incubators at a constant ambient temper-
ature. The rectal and skin temperatures of all
babies were within the normal range at the time of
study. No baby was visibly sweating at the time of
the study and none was receiving anticholinergic
drugs or other medications that might interfere
with sweating. Measurements of the skin conduct-
ance level were timed to correspond with the need
for blood sampling by heel prick.

Bipolar silver/silver chloride Beckman electro-
des (diameter=4 mm) mounted in plastic cups
were attached approximately 2-5 cm apart to the
sole of a foot after cleaning the skin with distilled
water and drying it. We used electrolyte medium
with a 0-05 M sodium chloride concentration,
which was freshly made every week, and we took
care to avoid electrolyte seepage from under the
electrodes. The electrodes were attached to a skin
conductance meter which was constructed for us in
the Department of Medical Physics, Central Man-
chester Health Authority. The equipment pro-
vided an alternating current of 10 Hz at a constant
voltage of 100 mV, the maximum current permit-
ted to flow between the two skin electrodes being
15 microamperes. Incorporated in the conductance
meter, in series with the baby, was a resistor of
negligible resistance (10 ohms) compared with the
skin. The voltage measured across the series resis-
tor was directly proportional to current flow
which, in turn, was directly proportional to the
skin conductance level. The meter incorporated a
digital display of the skin conductance level within
the range 0-20 liS (microsiemens), and permanent
records were made bv pen on a moving paper
recorder. The conductance meter was calibrated
before each recording session using resistors of
known conductances.

After the skin electrodes were attached a 15
minute period of stabilisation was allowed before
the 'preheel prick' level of skin conductance was
read. We clinically assessed each baby's state of
arousal when the reading was made, ascribing an
arousal score as follows: 0=non-rapid eye move-
ment sleep, no movements, regular breathing;
1=rapid eye movement sleep, small movements,
irregular breathing; 2='quiet awake', eyes open,
slight limb movements; 3='active awake', eyes
open, moderate limb movements; and 4=crying
and vigorous limb movements.
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The heel prick was carried out on the contralate-
ral foot to which the electrodes were attached and
the calf was squeezed eight times to encourage
blood flow to the heel. The procedure was carried
out by the same person each time (GG). Record-
ings of the skin conductance level were continued
for approximately 10 minutes after the heel prick.
Our preliminary studies had shown that when a
rise in the skin conductance level was observed
after the heel prick the peak value almost always
occurred at about one minute after the heel prick
(fig 1). Therefore for the purpose of this study we
measured the skin conductance level (from the
permanent record) one minute after the heel prick
and used this in the analysis of the results. The
state of arousal was also documented one minute
after the heel prick.
The Wilcoxon unpaired test was used to test the

significance of comparisons between medians. Per-
mission to study skin conductance in babies had
been granted by the local ethics committee and
parental consent was obtained in each case.

Results
Preheel prick skin conductance levels in babies less
than 40 weeks' conceptional age had a relatively
narrow range (0- 1-0-7 ,uS) compared with the
range in babies of 40 weeks or more among whom
individual values were not normally distributed
(fig 2). The median preheel prick skin conduct-
ance in babies within each conceptional age group
less than 40 weeks (28-31 weeks; 32-35 weeks;
36-39 weeks) was identical (0-3 1S) and signifi-
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Figure I Skin conductance measuredfrom the sole ofthe
foot ofa baby in response to a heel prick.
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Figure 2 Preheel prick skin conductance levels in babies
grouped according to their conceptional ages. Each point
represents the result in an individual baby.

candy lower compared with the level in babies
40-43 weeks (0-6 RS) (p<0-01). Within different
conceptional age groups there was no significant
correlation between the preheel prick skin con-
ductance level and conceptional age, gestational
age, or postnatal age.
The distribution of the various states of arousal

before stimulation by heel prick was similar in
babies of different conceptional age groups (fig 3).
Among babies 40-43 weeks' conceptional age, the
preheel prick median skin conductance level was
higher in those who were awake (states 2-4) com-
pared with those who were asleep (0-1) (1-2 ,uS
compared with 0-5 RS, p<003) (fig 4). In con-
trast, among babies less than 40 weeks' conceptio-
nal age the preheel prick median skin conductance
level was identical in awake and asleep babies (0 3
[LS).

All babies responded to the heel prick by
becoming aroused. The proportion of babies who
cried and showed vigorous activity (state 4) rose
progressively from eight out of 17 (47%) in babies
28-31 weeks' conceptional age to 20 out of 22
(91%) in those of 40-43 weeks (fig 3). No baby had
a fall in skin conductance level after the heel prick.
In all babies less than 36 weeks' conceptional age
the skin conductance level after the heel prick did
not differ from the resting level. In contrast, in
seven out of 23 (30%) babies 36-39 weeks' concep-
tional age, and in 21 out of 22 (95%) babies 40-43
weeks the skin conductance level rose after the
heel prick. Among babies 36-39 weeks' conceptio-
nal age the proportion who cried vigorously after
the heel prick was similar in those who had a rise in
their skin conductance level (71%) and those who
did not show a rise (69%). Among babies showing
a rise in their skin conductance level the median
(range) magnitude of the rise was significantly
higher in babies 40-41 weeks' conceptional age
(2-7 RS (0-2-6f3 RS)) compared with those 36-39
weeks (0-5 RS (0-1-1-4 uS), p=0005, fig 5).
Among babies of conceptional ages 36-39 weeks

and 40-43 weeks there was no correlation between
the magnitude of the rise in skin conductance level
and the resting skin conductance level, conceptio-
nal age, postnatal age, initial state of arousal, the
state of arousal after heel prick, or the magnitude
of the difference between the two states.

Discussion
Electrodermal activity may be measured as the
conductance or the potential difference between
two skin electrodes. In the former case it is neces-
sary to pass a current through the skin from an
external source (exosomatic) whereas in the latter
no external current is required, the potential dif-
ference between an active and inactive skin elec-
trode being generated from the skin itself.
We measured skin conductance using equip-

ment that provided an alternating current at a con-
stant voltage. When voltage is held constant the
conductance of the circuit between the electrodes
varies directly with the current through the skin.
The advantages of using a constant voltage as
opposed to constant current system, and of using
an alternating current source rather than direct
current have been reviewed by Venables and
Christie.4
The mechanisms of electrodermal activity and

the factors which influence it have been studied by
many investigators.47 In our study we measured
skin conductance levels, but the physiological
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Figure 3 The number ofbabies, grouped according to conceptional ages, who showed
different states ofarousal before the heel prick (above) and after (below). State 0=non-rapid
eye movement sleep, no movements regular breathing; I =rapid eye movement sleep, small
movements, irregular breathing; 2='quite awake', eyes open, slight limb movements;
3='active awake', eyes open, moderate limb movements; and 4=crying and vigorous limb
movements.
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Figure 4 Preheel prick skin conductance levels in babies
40-43 weeks' conceptional age whose states ofarousal were
0-1 compared with those 2-4. Each point represents the result
in an individual baby. Comparison ofmedian values:
p=0-03.
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Figure 5 Rise in skin conductance levelsfrom preheel prick
levels in babies of36-39 weeks and 40-43 weeks'
conceptional ages. Each point represents the result in an
individual baby. Comparison ofmedian values: p=0005.

principles are perhaps easier to understand by con-
sidering the concept of electrical resistance of the
skin, the inverse of conductance. The high resist-
ance to the passage of an electrical current across
the skin is a function of the properties of the epi-
dermis. When the sweat ducts become filled, the
resistance of the skin is lowered and in this respect
each sweat duct behaves like a resistor in parallel.
In addition, filling of the ducts is associated with
hydration of the stratum corneum, due in part to
reabsorption of water from the sweat ducts, and
this also contributes to the lowering of skin resist-
ance, the hydrated stratum corneum behaving like
a resistor in parallel with the sweat ducts. Skin
resistance is also influenced by structures that
behave as resistors in series, and these include dry
stratum corneum and all tissues beneath it exclud-
ing the lumen of the sweat glands and ducts.8
We have previously shown that in term babies

who are quietly awake evaporative water loss mea-
sured from the sole of a foot correlated positively
with the skin conductance level measured simulta-
neously from the other foot9. Others have shown
that cholinergic blocking drugs cause a fall in skin
conductance levels.'0
The low level of skin conductance we observed

in babies less 36 weeks' conceptional age presum-
ably reflects electrical conduction largely through a
dry stratum corneum and other epidermal tissues,
including the walls but not lumens of the sweat
ducts. Muramatsu et al measured skin resistance
from the abdominal wall and showed that it was
very low (that is, high conductance) at 25 weeks'
gestation and rose exponentially (that is, conduct-
ance fell) with advancing gestational age. 1" At first
sight these results appear to be at variance with our
own but this difference is readily explained. Their
measurements largely reflect resistance of the epi-
dermis, especially the stratum corneum, which is
very thin in preterm babies and thickens as it
matures, resulting in an increase in its electrical
resistance. The authors excluded all babies who
were visibly sweating and indeed one would not
have expected their very preterm babies to have
significant sweat gland activity in their abdominal
wall skin. As the authors state the added factor of
sweat gland activity (which would reduce resist-
ance) was probably negligible. In contrast, our
measurements of skin conductance were made
from the palm and soles which even in preterm
babies are relatively thick. Skin conductance at
these sights largely reflects the activity of the sweat
glands.
Even when observed to be aroused by a painful

stimulus none of our babies less than 36 weeks'
conceptional age had a rise in the skin conductance
level suggesting that arousal mechanisms and path-
ways (including peripheral mechanisms) which
promote emotional sweating were still immature.
Certainly by 28 weeks' gestation babies have a full
complement of sweat glands. Although it is well
known that the sweat glands are innervated by the
sympathetic nervous system, the precise central
influences on emotional sweating and skin con-
ductance are not known. Psychophysiologists
speak of a 'hierarchy of suprasegmental control'
including not only the cerebral cortex but the lim-
bic system, the reticular activating system, and the
spinal cord,4 but much of the experimental work
has been in the context of phasic skin conductance
responses rather than tonic levels of skin conduct-
ance.
No baby less than 36 weeks' conceptional age
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had a rise in their skin conductance levels after
being aroused by a painful stimulus, whereas all
except one of the 22 babies of 40 43 weeks, and
seven out of 23 babies of 36-39 weeks showed a
rise. While it is true that a smaller proportion of
babies less than 36 weeks were observed to cry
vigorously after the heel prick this cannot account
for failure of their skin conductance to rise because
no rise was observed even among those babies who
did cry vigorously. Furthermore among babies
36-39 weeks' conceptional age the proportion who
cried vigorously after the heel prick was similar in
those who had a rise in their skin conductance level
(71%) and those who did not show a rise (69%).
Our results are in keeping with the notion that

the skin conductance level rises after an arousal sti-
mulus only in these babies who are mature enough
to have developed the capability of emotional
sweating and that this first occurs around 36-39
weeks' conceptional age. In support of this, only in
babies 40-43 weeks' conceptional age did we
observe an association between their state of arou-
sal (awake or asleep) before stimulation and their
level of skin conductance. It seems that mature
babies can modulate their skin conductance level
in accordance with their state of arousal whereas
immature babies have a relatively constant skin
conductance level regardless of their state.
These observations are consistent with those of

Harpin and Rutter who showed that emotional
sweating from the palm, measured as evaporative
water loss in response to a heel prick, did not
develop until 36 weeks after conception.'2 In the
same study these authors observed a positive rela-
tionship between palmar water loss and level of
arousal which first appeared in infants of 36-37
weeks' conceptional age. In a previous study in
which we recorded skin conductance levels for
several hours in individual babies we showed that
among babies of 37 weeks' conceptional age or
more the mean skin conductance level during
awake periods was higher than in sleep periods,
whereas a significant difference was not seen
among less mature babies.9

In the present study, among those babies who
had a rise in their skin conductance level after
arousal by a painful stimulus the magnitude of the
rise was significantly higher in babies of 40-43
weeks' conceptional age than babies 36-39 weeks.
This is an important observation suggesting that
the onset of emotional sweating is not an all or
none phenomenon. It would seem that the less
mature babies, after arousal by heel prick, had a
fewer number of actively excreting sweat glands,
or the volume of sweat per duct was smaller, or
hydration of the stratum corneum was less. In
terms of the contribution to skin conductance
levels it is difficult to distinguish between activity
of the sweat glands and hydration of the stratum
corneum as the former leads to the latter.
Our study does not address the response of the

newborn baby specifically to pain, although pain
was used (opportunistically) to stimulate arousal.

Crying and other somatic disturbances indicating
arousal occur in response to numerous psychic sti-
muli as well as to pain. Conversely adults certainly
have the ability to suppress somatic manifestations
of pain while nonetheless still feeling it. We
observed that although immature babies become
aroused and may cry in response to a heel prick,
they show no rise in their skin conductance level
presumably because they are incapable of emotio-
nal sweating.
We think it most unlikely that we failed to

observe a late rise in skin conductance levels
among these babies. Although in this study the
skin conductance level was recorded at one minute
after the heel prick we continued to observe the
level for 10 minutes.

It would appear at first sight that the study of
electrodermal activity might have only limited
application to the study of pain in immature
babies. Although we measured the change of skin
conductance levels in response to a painful stimu-
lus we did not measure the 'skin conductance
response', which is a different entity used by
psychophysiologists to describe a phasic change in
skin conductance occurring with a latency of 1 to
2-5 seconds after stimulation, with a time to peak
response of less than one second, and an amplitude
of 0-01-5-0 ,S. It was not our aim to study skin
conductance responses and our equipment was not
designed for this purpose. We cannot rule out the
possibility of there being rapid phasic electroder-
mal activity in response to emotional arousal which
has so far gone unnoticed in immature babies and
we are exploring this further.
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