
Volume 71  |  Number 4  |  April 2012      Pediatric ReseARch 375copyright © 2012 International Pediatric Research Foundation, Inc.

ArticlesClinical Investigationnature publishing group

INTRODUCTION: Pain is usually assessed by the interpreta-
tion of behavior, which can be subjective. Therefore, there is 
an ongoing search for more objective methods. Performance 
of skin conductance measurement as a pain assessment tool is 
variable, as some studies report low specificity and a low pre-
dictive value of the method. The aim of this pilot study was 
to test whether autoregulation of the skin temperature influ-
ences the skin conductance of pain-free infants. 
ResUlTs: skin conductance was highly correlated with skin 
temperature in all subjects. Moreover, a significant change in 
all other vital parameters was observed on comparing before- 
and after-peak data. 
DIsCUssION: These results indicate that sympathetic neural 
activity to maintain homeostasis (such as autoregulation of 
skin temperature) results in skin conductance peaks. Real-time 
evaluation of the sympathetic nervous system would be valu-
able for pain assessment. however, the technique should be 
better defined to increase both sensitivity and specificity for 
the measurement of pain before use in daily practice can be 
advocated.
MeThODs:  We included 11 infants, median (interquartile 
range (IQR)) age of 34 (13–76) d, who were admitted to the 
surgical high-care unit for monitoring after surgery. None 
was treated with opioids or sedatives, and observational pain 
scores were low.

IntroductIon
Pain management and ideally pain prevention are the cor-
nerstones of optimal postoperative care. In verbal children 
and adults, self-report is the generally accepted gold standard 
for the assessment of presence of pain. Self-report is impos-
sible, however, in neonates and infants, intubated or sedated 
patients, and intellectually disabled patients. In those cases, 
caregivers have to rely on observational pain assessment scales 
such as the COMFORT-Behavior (COMFORT-B) scale (1), 
the Numeric Rating Scale for pain, or physiological parameters 
such as heart rate or blood pressure (2).

Still, researchers search for more objective methods. Recently 
studied methods include near-infrared spectroscopy (3), 
heart rate variability (4), and skin conductance measurement 
(5–7). The last is based on the following theory: sweat glands 

are sympathetically innervated and will produce sweat, and 
thereby salt, which increases the electrical conductance of the 
skin. Pain is known to stimulate sympathetic nerve activity, but 
animal and human studies have shown that several other phys-
iological responses have the same effect. The primary function 
of the eccrine sweat glands is to enable evaporative heat loss in 
the autoregulation of body temperature. The following recep-
tors and simple maneuvers influence skin sympathetic nerve 
traffic: temperature receptors in the central nervous system 
and skin, arousal and stress, respiration, cardiopulmonary 
receptors, sleep, and pain (8). However, Rutter (9) reports that 
palmar and plantar sweat glands respond more to emotional 
stimuli than to thermal stimuli.

Measurement of skin conductance as a pain assessment tool 
has been studied during heel lancing (10), intraoperatively 
(11), directly postoperatively (12), during postoperative care 
(13,14), and during intensive care (15). Performances were 
variable, as some studies report good sensitivity (12) and 
 others low specificity and a low predictive value (16). It could 
be possible that sympathetic nerve activity, other than caused 
by pain, influences skin conductance and, therefore, has impact 
on the performance of skin conductance measurement. The 
aim of this pilot study was to test whether autoregulation of 
the skin temperature influences the skin conductance of pain-
free infants.

results
Patient Characteristics
We included 11 subjects with a median (interquartile range 
(IQR)) age of 34 (13–76) d. Six had had gastrointestinal sur-
gery, three surgical closure of a congenital diaphragmatic 
hernia, one repair of esophageal atresia, and one a rigid bron-
choscopy. Table 1 shows their baseline characteristics. Patients 
were studied at a median (IQR) of 5 (11–17) d after surgery. 
The median (IQR) COMFORT-B score before the study was 10 
(9–10), indicating that none was in pain or distress.

Descriptive Results
Monitoring lasted a median (IQR) of 63 (61–65) min during 
which a median (IQR) number of 3,576 (3,099–3,678) samples 
was obtained. The median (IQR) number of skin conductance 
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peaks was 36 (19–312). The median values of the vital param-
eters are shown in Table 1.

Significant Differences Before and After Skin Conductance Peaks
The median percentages of statistically significant differences 
in vital parameters before and after a skin conductance peak 
are displayed in Figure 1. Percentages varied from a median 
(IQR) of 62 (59–68)% for heart rate to a median (IQR) of 88 
(82–94)% for skin temperature (Friedman test: P = 0.003). In 
one subject, peripheral oxygen saturation changed significantly 
after all 18 peaks (Figure 1).

Correlations
In all 11 subjects, skin temperature (°C) was statistically signifi-
cantly correlated with the skin conductance value (in μsiemens; P 
<0.001). In eight subjects, this was a positive correlation: median 
(IQR) Spearman’s ρ correlation coefficient of 0.86 (0.78–0.94). 
In the remaining three subjects, it was a negative correlation: 
Spearman’s ρ correlation coefficients of −0.48, −0.49, and −0.99. 
Background characteristics (postnatal age, type of surgery, sex, 
and environmental circumstances) and vital parameters of these 
three patients did not differ from those of the eight patients for 
whom a positive correlation was found.

An example of the positive correlation between skin tem-
perature and skin conductance for one subject is displayed in 
Figure 2; the Spearman’s ρ correlation coefficient for this sub-
ject was 0.92.

dIscussIon
We found that in infants without evident pain, skin conductance 
was correlated with skin temperature. Using TrendFace ixellence 

(Wildau, Germany) and MATLAB MathWorks (Natick, MA) 
software, we were able to analyze skin conductance and vital 
parameters in detail, focusing on the skin conductance peaks, 
which represent bursts of skin sympathetic nerve activity. Vital 
parameters before and after a peak mostly were significantly dif-
ferent. For skin temperature, this was even the case in a median 
of 88% of the peaks. Percentages for all other four vital param-
eters were lower. In all 11 infants, skin temperature was highly 
correlated with the skin conductance. However, this pilot study 
does not explain why there should be both positive and nega-
tive correlations because none of the background characteris-
tics or vital parameters differed between patients for whom a 
negative correlation was found and those for whom a positive 
correlation was found. The possibility of coincidence cannot be 
excluded. Our results suggest that sympathetic neural control of 

100

80

60

40

20

0

P
er

ce
nt

ag
e 

of
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

be
fo

re
 a

nd
 a

fte
r

sk
in

 c
on

du
ct

an
ce

 p
ea

k

Heart
rate

Skin
temperature

PFI SpO2 Respiratory
rate

Figure 1. Percentages of significant differences before and after skin 
 conductance peaks for the vital parameters. Median (horizontal line),  
25th and 75th percentiles (box), and range (whiskers) of significant 
 differences in vital parameters before and after a skin conductance peak. 
PFI, Peripheral Flow Index; spo2, peripheral oxygen saturation.

Table 1. characteristics of the 11 subjects

characteristic Median (IQr)

sex (M/F) 5/6

Gestational age, wk 36 (29–38)

Age, d 34 (13–76)

Postconceptional age, d 275 (259–280)

days after surgery 5 (11–17)

duration of measurement, min 63 (61–65)

coMFort-B score before measurement 10 (9–10)

skin conductance

 number of peaks 36 (19–312)

 skin conductance, μsiemens 6.42 (3.13–9.21)

 number of fluctuations in skin  
 conductance per second

0.0098 (0.0047–0.0825)

Vital parameters

 Heart rate, in beats/min 154 (130–167)

 skin temperature, °c 32.19 (30.54–32.88)

 Peripheral Flow Index 0.66 (0.37–1.20)

 Peripheral oxygen saturation, % 98.67 (97.65–99.50)

 respiratory rate, in breaths/min 44.37 (37.39–60.85)

cOMFORT-B, cOMFORT-Behavior scale; IQR, interquartile range.

Figure 2. correlation between skin temperature and skin conductance 
for subject 10. this figure is based on 2,837 paired observations (skin 
conductance and skin temperature) in one subject during a measurement 
of 1 h. the spearman’s ρ correlation coefficient is 0.92.
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vital functions to maintain homeostasis (such as autoregulation 
of skin temperature) results in skin conductance peaks.

Analysis of skin sympathetic nerve activity is not a new 
technique. In a review article on microneurographic record-
ings, Wallin et al. conclude that skin sympathetic nerves are 
mostly involved in thermoregulation (8). Other conditions/
receptors that influence the sympathetic nerve activity are 
arousal, stress, respiration, sleep, cardiopulmonary receptors, 
and pain. Four types of skin sympathetic nerves are distin-
guished: vasoconstrictor, vasodilator, sudomotor, and pilomo-
tor. Sudomotor nerves are cholinergic and cause sweat secretion 
(measured as a peak in skin conductance) at increased activity, 
for example, thermoregulation. Microneurographic recordings 
from the sudomotor nerves taken simultaneously with skin 
conductance measurement are scarce. Macefield et al. made 
microneurographic recordings combined with skin conduc-
tance, electrocardiogram, and skin blood flow (17). Sudomotor 
nerve activity appeared to be correlated with cardiac activity and 
skin conductance but not with skin blood flow.

Studies that evaluated skin conductance as a means of mea-
suring (postoperative) pain reported different degrees of clinical 
performance (12,16). For example, Choo et al. found a weak cor-
relation between skin conductance and Numeric Rating Scale 
for pain in 90 postoperative children, namely 0.21 (13). They 
determined a cutoff value of 0.23 skin conductance peaks per s 
for the detection of severe pain (Numeric Rating Scale for pain 
7 or higher) with a sensitivity of 56% and a specificity of 78%. 
The other study in children, by Hullett et al. (12), reports a better 
sensitivity of 90% but a lower specificity of 64%. Other relevant 
studies are listed in Table 2. Comparison between the studies 
is difficult, as cutoff points for the number of skin conductance 
peaks and gold standards differ between the studies. As com-
pared with skin conductance measurement, the COMFORT-B 
scale performed better with a reported sensitivity of 83% and 
a specificity of 91% (18). Results from Loggia et al., who com-
pared skin conductance and visual analog scale scores in healthy 
adults, suggest that skin conductance is not a very reliable pre-
dictor of pain (19). The authors advise caution when using auto-
nomic measures to infer pain. The reported poor sensitivity and 
specificity of skin conductance for measuring (postoperative) 
pain could be a result of the correlation of skin conductance 
with, for example, autoregulation of the skin temperature, as 
confirmed in our study.

Limitations
None of the subjects had an arterial line for blood pressure 
monitoring. Therefore, we were not able to evaluate the cor-
relation between skin conductance and blood pressure.

Implications
Preclinical and clinical studies in neonates, children, and 
adults are needed to make skin conductance a clinically more 
useful measure for postoperative pain. Preclinical studies 
should use microneurography as the gold standard and mea-
sure skin conductance simultaneously. These studies should 
not only evaluate the influence of pain and other sympathetic 
activity on skin conductance but also find certain rhythms, 
if any, in skin conductance peaks. The algorithms of the skin 
conductance monitor could then be made more specific for 
the measurement of pain by correcting for other sympathetic 
influences.

The clinical studies then should validate the skin conduc-
tance monitor in different age groups such as neonates, chil-
dren, and adults for the measurement of (postoperative) pain 
(20). Furthermore, it could be difficult to compare pain-free 
and painful states in the same subjects and to assure stable cir-
cumstances. The clinical studies should, therefore, also inte-
grate, for example, observational pain assessment and electro-
encephalography in a multimodal approach as applied by Slater 
et al. (21). This strategy could lead to a validated, objective pain 
assessment tool that can be used in clinical practice and serve 
as a pharmacodynamic parameter in pain research.

Conclusions
In this pilot study, we observed that, in a pain-free state, other 
sympathetic nerve activity, such as skin temperature autoreg-
ulation, also results in skin conductance peaks that are usu-
ally seen in pain states. Real-time evaluation of the sympa-
thetic nervous system would be valuable for pain assessment. 
However, the technique should be better defined to increase 
both the sensitivity and specificity for the measurement of pain 
before use in daily practice can be advocated.

MetHods
We performed an observational pilot study in which we measured 
simultaneously the infants’ skin conductance and vital parameters 
such as skin temperature, respiratory rate, heart rate, peripheral oxy-
gen saturation, and Peripheral Flow Index.

Table 2. studies that evaluated the performance of skin conductance as a measure of postoperative pain

ledowski et al. (14) ledowski et al. (7) Hullett et al. (12) ledowski et al. (16) choo et al. (13)

study group 25 adults 75 adults 165 children 100 adults 90 children

Age (years) 21–67 19–81 1–16 18–82 7–17

cutoff value in skin 
(conductance peaks per second)

0.10 0.10 0.13 0.10 0.23

Gold standard nrs (by proxy) >3 nrs >3 VAs >3 nrs >3 nrs >5 nrs >6

sensitivity (%) 89 89 90 50 58 56

specificity (%) 74 68 64 64 61 78

NRs, Numeric Rating scale; VAs, visual analog scale.
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Subjects and Setting
The study protocol was approved by the local ethics review com-
mittee of the Erasmus University Medical Center (Rotterdam, the 
Netherlands). Written informed consent was obtained from all the 
parents. The pilot study was performed at the surgical high-care unit 
of Erasmus University Medical Center–Sophia Children’s Hospital 
between July and September 2008.

Inclusion criteria were age up to and including 12 months, and 
being monitored in the surgical high-care unit. Exclusion criteria were 
mechanical ventilation, treatment with opioids or sedatives in the 24 h 
before the study, and a COMFORT-B score of 17 or higher (indicating 
moderate-to-severe pain or distress) before measurement.

Measurements
The infants underwent routine medical examination and nursing 
care in the morning. Skin conductance electrodes (see following text) 
were placed after nursing care, and data recording started 5–10 min 
later. Data were recorded for 60 min, thereafter the electrodes were 
removed.

Pain and distress assessment. On the test day, the nurse who provided 
the morning care assessed the infant’s distress and pain using the 
COMFORT-B scale. The COMFORT-B scale is an observational assess-
ment tool and includes six items; each item is rated with a score from 1 
to 5. Adding all six items together provides a pain rating between 6 and 
30. The COMFORT-B has been validated for pain and distress assess-
ment in critically ill and postoperative children (1,22,23).

Skin conductance. Skin conductance was assessed using the Stress 
Detector (MedStorm, Oslo, Norway). The three pediatric skin elec-
trodes (MedStorm) were attached to the heel of the neonate according 
to the manufacturer’s recommendations. The software automatically 
defines the peaks above the amplitude threshold of 0.02 μsiemens. The 
sample frequency of the Stress Detector is 65 Hz. The Stress Detector 
records the skin conductance in μsiemens and in terms of signal qual-
ity. The other parameters, such as the number of fluctuations in skin 
conductance per s (NFSC) and area under the curve, are derived from 
the change of skin conductance over time. The NFSC was calculated 
over the entire measurement period (~1 h), as this would be more 
precise than considering a 15- or 30-s time frame.

Vital parameters. Our surgical high-care unit uses the Philips Intellivue 
MP-30 monitor (Philips, Eindhoven, The Netherlands) for monitor-
ing. The Oxisensor II neonatal probe (Covidien-Nellcor, Boulder, CO) 
was attached to the sole of the foot to measure the peripheral oxygen 
saturation and to calculate the Peripheral Flow Index. Kendall Medi-
Trace neonatal three-lead electrocardiogram electrodes (Covidien-
Nellcor) were used to measure heart rate and respiratory rate. The 
skin temperature surface probe (Philips) was attached next to the skin 
conductance electrodes on the heel to measure the skin temperature. 
During the study, the monitor was connected to a laptop computer 
with TrendFace software (ixellence) to record the vital parameters. 
Data were recorded with a sample frequency of 0.97 Hz.

Statistical Analysis
Data extraction. The Stress Detector stores the skin conductance data 
in a text file with a sample frequency of 65 Hz. The raw data as well as 
signal-quality data were imported in MATLAB (MathWorks, Natick, 
MA), a high-level technical computing language and interactive envi-
ronment for algorithm development, data visualization, data analy-
sis, and numeric computation. TrendFace software exported the vital 
parameter data into an Excel file with a sample frequency of 0.97 Hz 
(1.032 s). We, therefore, used skin conductance values with the same 
sample frequency of 0.97 Hz.

Data analysis in MATLAB. The Stress Detector software detects peaks 
and hills in the skin conductance data, but does not export this infor-
mation. In MATLAB, we therefore defined peaks and troughs accord-
ing to the definition used in the MedStorm software, i.e., the minimal 
amplitude of a peak is 0.02 μsiemens. The NFSC per subject were 

compared between the Stress Detector and the MATLAB analysis to 
verify the similarity between the calculations.

Because the absolute skin conductance values in μsiemens can be 
influenced by accumulation of sweat in the electrodes, MedStorm 
advises the use of the NFSC instead of the absolute skin conduc-
tance. A peak is a burst of sympathetic activity; however, peaks are 
not caused only by pain or distress. Mean values of vital parameters 
measured during 15 s before and after each peak were statistically 
compared using the t-test.

Data analysis in SPSS. First, we analyzed the patient characteristics 
using descriptive statistics. As the sample size is small in this pilot 
study, we report median and IQR values for the group.

Second, we analyzed the skin conductance and vital parameter data 
per patient using descriptive statistics. Thereafter, the mean values of 
the group were calculated. Also the Spearman rank order correlation 
coefficients between the skin conductance and vital parameters were 
calculated per patient.

Third, the differences in vital parameter values before and after a 
peak were analyzed in SPSS 19 (Chicago, IL). For each vital param-
eter, we calculated the percentage of values that significantly differed 
before and after a peak and applied the Friedman test to compare 
these percentages between the different vital parameters (24).
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