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Aim: To evaluate the ability of SC indexes in discriminating 
acute responses to different heel prick procedures. Methods: 
Observational cohort study of a systematic, convenience sample 
of neonates with clinical indication of capillary blood sampling 
by heel prick, either for glycaemia or for blood gas analysis. The 
Neonatal Infant Pain Scale (NIPS) was used to confirm the painful 
nature of the stimuli. NIPS assessment and SC measurement 
(Med-Storm Pain Monitor™) were simultaneously performed 
by two independent observers before, during and after blood 
sampling. Results: Sixty-eight heel prick procedures (46 for 
glycaemia and 22 for blood gas analysis) were applied to 16 
infants. Both NIPS scores and SC peaks/s index were signifi-
cantly higher during blood sampling than before or thereafter 
(Wilcoxon Signed Ranks, p < 0.001). There was no significant 
difference in NIPS score and SC peaks/s between the different 
heel prick procedures. Significantly higher SC area under low 
peaks index (Mann–Whitney, p = 0.001) and lower SC average 
rise time index (Mann–Whitney, p = 0.037) were registered when 
blood was drawn for blood gas analysis than for glycaemia, 
related to a sustained acute nociceptive response to a more 
prolonged stimulus. Conclusion: Using the conjunction of avail-
able SC indices, SC seems able to differentiate the nociceptive 
response to acute pain of different durations.

Keywords:  Pain, nociceptive response, neonates, heel prick, skin 
conductance

Background
The skin conductance (SC) algesimeter is a recent non-inva-
sive portable and automated method for evaluating pain and 
discomfort[1]. It has been validated in term and preterm infants 
(from 25 weeks of gestational age onwards) for assessment of 
pain[2–8]. This method is based on SC variations that occur 
when nociceptive stimulation induces sympathetic nerve impulse 
bursts to the skin. When the skin sympathetic nervous system 
is firing, sweat is released within 1–2 s. As a result, the palmar 
and plantar sweat glands are filled, diminishing skin resistance 
and increasing the SC before sweat is reabsorbed[9]. This creates 
SC peaks, which are used to evaluate pain and discomfort. The 
number of SC peaks per second (peaks/s) index directly reflects 
the firing rate of sympathetic nerves, the emotional component 

of the sympathetic nervous system (emotional sweating[9]). The 
area under the SC curve shows how strongly the skin sympathetic 
nerves are firing[9,10]. Emotional sweating differs from tempera-
ture dependent sweating in its independence from environmental 
temperature[11].

During acute pain, functional MRI identifies activation in 
higher brain areas, simultaneous with an increase in the SC 
response[12]. The SC response is not influenced either by changes 
in blood circulation or by neuromuscular blockers acting on 
nicotine receptors, because SC responses are activated by acetyl-
choline acting on muscarine receptors[13–15].

SC measurements require high technology equipment, but 
provide continuous quantitative measurements with great preci-
sion (milliseconds), for as long as required to obtain the measure-
ments. The SC peaks/s index was compared with the modified 
COMFORT sedation score, and SC peaks/s was considered an 
objective supplementary measure of discomfort in artificially 
ventilated neonates and children[16].

Currently, several scales are available for clinical pain assess-
ment in neonates, but none has yet been considered a gold 
standard[17]. The Neonatal Infant Pain Scale (NIPS[18]) is one 
of the most used scales for pain assessment in clinical practice in 
term and preterm infants[19]. It is a relatively simple multidimen-
sional behavioral scale based on facial expression, cry, breathing 
patterns, activity of arms and legs, and state of arousal[18]. 
Construct validity of NIPS has been widely assessed in term and 
preterm infants[20–22]. Furthermore, NIPS has been favorably 
compared with the Visual Analogue Scale[18], Premature Infant 
Pain Profile[23], CRIES Pain Scale[24], Neonatal Facial Coding 
System and Douleur Aiguë du Nouveau-né[25].

Infants under intensive care are frequently submitted to 
painful procedures, some of them apparently simple and of short 
duration as heel prick. In fact, heel prick is used for different 
purposes that may imply the squeezing of the heel for shorter 
or longer time. This difference is usually not taken into account 
when providing comfort during these procedures. We hypoth-
esize that the response of the neonate to heel prick procedures 
for different purposes may be physiologically different, and this 
difference might not be detected by the usual psychometric 
methods to evaluate pain and discomfort in infants, but might be 
identified by the measurement of sympathetic nervous activity, 
such as SC.
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The aim of this study was to assess the ability of SC indices in 
differentiating the acute response of neonates to heel prick proce-
dures for glycemia or for blood gases sampling.

Methods
A blind observational cohort study on the assessment of neonatal 
acute nociceptive response through a psychometric scale (NIPS) 
and a physiological measurement (SC) was conducted in a tertiary 
neonatal intensive care unit. Heel prick is assumed to be a painful 
procedure, and the NIPS score was used to provide additional 
evidence that the applied stimuli were indeed painful.

A convenience sample of neonates with clinical indication 
for collection of capillary blood by heel prick, either for blood 
gas analysis or for glycaemia, was systematically recruited. 
Consecutive assessments were performed from Monday to 
Friday, from 9 a.m. to 4 p.m. Infants in early post-surgical period, 
receiving muscle relaxants and those with impaired skin integrity, 
precluding the application of monitoring devices over the skin 
were not included.

None of the heel prick procedures was done specifically for 
the study purpose. Informed parental consent was obtained for 
any eligible newborn before recruitment, and the protocol was 
approved by the research ethics committee of the institution.

The standard protocol for capillary blood sampling involved 
warming the foot, picking it up, making a small incision with a 
metal scalpel (2.2 mm long and 1 mm wide), and gently squeezing 
the heel for as long as required. If needed, the incision was 
repeated to obtain sufficient blood for the purpose. Between 0.6 
and 0.8 μL of blood was collected for capillary glycemia, using the 
blood glucose test strips for the glucose meter Precision Xcced™, 
Abbott. Seventy or 140 μL of blood were collected in the capillary 
tube for blood gas analysis, respectively for microsample or for 
regular sample options, in the Rapidlab 1265 Blood Gas Analyser™, 
Siemens. Following the Unit protocol for distressful procedures, 
cuddling and oral sucrose was routinely given, even when infants 
were already on systemic analgesics.

Two methods of assessment of nociceptive response to capil-
lary blood sampling procedure were simultaneously applied by 
different observers. NIPS was performed by one of two observers 
(IM or SG), after previously achieving a good inter-observer 

reliability of NIPS scores as stated below. The SC measure-
ments were always done by the same observer (PR), after an 
adequate training period, using the SC algesimeter Med-Storm 
Pain Monitor™ (Oslo, Norway). In every assessment, measure-
ments were blindly performed and registered by each observer 
(concerning the measures obtained by the other observer). 
Observation started when the patient was awake but not agitated 
or crying (Prechtl’s scale Behavioural state 1[26]).

The SC measurements were performed in three time periods: 
120 s before blood sampling (pre-procedure), 30 s after starting the 
blood sampling procedure (independently of the actual duration 
of the procedure), and 120 s after its end (post-procedure). The 
SC measurements in the last 30 s of the pre- and post-procedure 
periods were, respectively, registered and analyzed separately. 
NIPS was applied in the 30 s after starting the procedure, and in 
the last 30 s of the pre- and post-procedure periods, respectively.

Any administered drugs, such as analgesics, sedatives, anti-
cholinergics and amines, and respective dosages were recorded.

Previous agreement on the application of NIPS between the 
two observers (IM or SG) was double blindly evaluated in 21 
blood sampling procedures. An inter-observer Spearman coef-
ficient of correlation r = 0.911 and a coefficient of agreement of 
95.99% were reached. Time required for performing NIPS was 
10–20 s.

The main index used for assessing SC measurements was the 
number of peaks/s, which is the best validated SC index for pain 
score in infants[3,10]. This index, as shown in Figure 1, repre-
sents the number of peaks in a time span, and corresponds to the 
number of bursts per second in the skin sympathetic nerve[27]. 
Other three SC indices were analyzed: the area under huge peaks, 
the area under small peaks and the average rise time[27] (Figure 2). 
These indices contribute to understand the physiology of the skin 
sympathetic nerve response to the nociceptive stimuli by showing 
how forcefully the sympathetic nervous system is firing[3].

The difference in the duration of the blood sampling procedure 
concerning its purpose was evaluated by Mann–Whitney U test. 
The differences between the assessments (before, during and after 
blood sampling) were evaluated with the Wilcoxon Signed Ranks 
test, both for NIPS and for SC. The difference in the assessment 
of the nociceptive response to the blood sampling procedure 
(gases analysis or glycaemia), was evaluated by Mann–Whitney U 

Figure 1.  The four traces show changes in skin conductance (SC) (GSR AC = galvanic skin response alternating current), in blood pressure (BP), in 
converted skin resistance (GSR MAC = galvanic skin response mean amplitude converted), and in intra nerve activity (Int Nerve) of the nervus medianus, by 
microneurographi of the skin sympathetic nerve[10] (With permission). For every burst in the sympathetic nerve, there is one peak in the SC measurement. 
One SC peak is defined as an increase in SC of more than 0.02 microsiemens (μS), after one minimum point. Both peaks and minimum points are defined 
when the derivate of the SC curve is 0[3,10].
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test. The potential interference of the different purposes of blood 
sampling, gestational age, postnatal age and administered drugs 
was evaluated by multivariate logistic regression analysis.

Results
The study sample included 68 heel prick events applied to 16 
infants (8 females), with mean ± SD (range): birth weight (g) 
1885 ± 856 (600–3605), gestational age (weeks) 34 ± 6.1 (24–41), 
postmenstrual age (weeks) 37 ± 5 (25–45), and median postnatal 
age (days) 22.4 (0–96). The main diagnoses of the infants were: 
prematurity/hyaline membrane disease (5), pneumonia (3), 
asphyxia (2), transient tachypnea of the newborn (2), prematu-
rity plus necrotizing enterocolitis (2), esophageal atresia (1) and 
prematurity plus meconial ileus (1). Two infants had stable grade 
I intraventricular hemorrhage and two had stable grade II intra-
ventricular hemorrhage, one infant was under invasive ventilation 
and two under non-invasive ventilation (nasal constant positive 
airway pressure).

In 9 out of the 86 events, infants were on drugs with sedative 
and/or analgesic effect: fentanyl plus midazolam (5), fentanyl 
(2), fentanyl plus phenobarbital (1), and phenobarbital (1). The 
administered doses were fentanyl 0.6–1.7 μg/kg/h, midazolam 
0.1–0.2 mg/kg/h, and phenobarbital 3–5 mg/kg/day.

Each infant was assessed in up to 15 events (median 2, 
minimum 1); in 6 events, 2 heel pricks were required (4 for blood 
gases). SC was assessed in the 68 events (46 for glycaemia and 22 
for blood gas analysis), and NIPS was assessed in 67 events (45 for 
glycaemia and 22 for blood gas analysis).

The duration of blood sampling was significantly higher for 
blood gases (median 88 s, min-max 16–214 s) than for glycemia 
(median 21 s, min-max 10–133 s) (Mann–Whitney U test, 

p < 0.001). This difference remained significant when considering 
only the events requiring one heel prick (Mann–Whitney U test, 
p < 0.001).

During blood sampling, significantly higher NIPS scores 
were registered, than before and after (Wilcoxon Signed Ranks 
Test; p < 0.001): 25th centile = 2, 50th centile = 4, 75th centile = 5, 
minimum = 0, maximum = 7. Pre- and post-procedure periods: 
minimum, 25th, 50th and 75th centiles score was 0, and the 
maximum score was 5, respectively. The NIPS scores were not 
significantly different concerning the purpose of blood sampling 
(Mann–Whitney U Test). There was no influence of gestational 
age or postnatal age on the NIPS score during the procedure 
(multivariate logistic regression).

Significantly higher values of peaks/s were registered during 
the procedure than before and after (Wilcoxon Signed Ranks Test; 
p < 0.001) (Table 1 and Figure 3). There was no influence of gesta-
tional age or postnatal age on the SC peaks/s index during the 
procedure (multivariate logistic regression). When analyzing the 
whole SC indices according to the purpose of blood sampling, no 
differences were found in the peaks/s index (Mann–Whitney U 
Test). However, significantly higher values of the area under small 
peaks (Mann–Whitney, p = 0.001) and significantly lower average 
rise time (Mann–Whitney, p = 0.037) were registered when blood 
was drawn for blood gas analysis than for glycaemia. There was 
no influence of gestational age or postnatal age on both these 
indices during blood sampling.

During blood sampling females had significantly higher NIPS 
scores; infants already medicated with analgesics or sedatives 
had significantly lower NIPS scores (multivariate logistic regres-
sion p = 0.053 and p = 0.000, respectively). SC peaks/s index was 
significantly higher in females but was not affected by concomi-
tant medication with analgesics or sedatives (multivariate logistic 

Figure 2.  The area under small peaks (area small peaks) index is calculated by establishing a line between two adjacent peak minimum points, representing 
the accumulated difference between the line and the skin conductance registration curve values when they are larger than the baseline. The area under 
huge peaks (area huge peaks) index is calculated by establishing a horizontal base line from the first peak minimum in the time window, representing the 
accumulated difference between the conductance values at the registration curve and the established baseline when they are larger than the baseline[27]. 
(With permission).
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regression p = 0.004 and p = 0.138, respectively). Both the area 
under small peaks and the average rise time indices were not 
significantly affected by gender or with analgesics or sedatives.

Discussion
“Pain is stressful, but not all stress is painful[28]”. In fact, differ-
entiating between pain and stress is difficult in nonverbal indi-
viduals. To provide evidence that the applied stimuli were indeed 
painful, NIPS was chosen in this study as a psychometric scale for 
pain assessment, since the staff of the neonatal intensive care unit 
is trained in using it, and it is one of the most used and validated 
pain scales in term and preterm infants[18,20–23]. Sympathetic 
nerve activity to the skin is activated both during pain and other 
stressful stimuli[29], and besides assessing response to pain, SC 
may reflect emotional sweating[9]. Changes in skin sympathetic 
nerves should therefore be interpreted according to the stimuli to 
which the infants are exposed. It has been debated whether tactile 
stimulation could be considered a stressful event, since in both 
preterm and term infants plasma catecholamines were found to 
be more elevated following nursing procedures (washing, nappy 
change) than following heel lance[30]. In this study, both NIPS 
scores and SC peaks/s index were significantly higher during 
capillary blood sampling than before or after, thus providing 
strong evidence that painful stimuli have indeed been applied.

Neither NIPS score nor SC peaks/s index were able to differ-
entiate the response between blood gases sampling and sampling 
for glycemia. However, using other SC indices it was possible 
to identify a different pattern of response to each procedure. 
Sampling for blood gases by heel prick was found to induce larger 
area under the small peaks, and changes in SC with swifter rises 
(average rise time) over a more elevated baseline (area under small 
peaks), than blood sampling for glycemia. The SC index related to 
the area under the curve, as the area under small peaks, indicates 
how forceful the sympathetic nervous system is firing. Larger 
area under the curve may suggest a more intense stimulus[9,10]. 
Differences in capillary blood sampling technique for glycaemia 
or for blood gases may explain the difference, since blood gases 
requires collecting more blood for longer period with more heel 
squeezing, and therefore a more painful stimulus.

NIPS is a point in time assessment that requires several seconds 
to be applied, depending on the observer, while SC is continu-
ously measured with a millisecond precision, providing an array 
of continuous quantitative measurements for as long as required. 
It seems logical that the two methods might have different ability 
to discriminate stimuli of different duration. The fast reaction time 
(1–2 s) of the SC variables[9] may contribute to explain this ability.

The SC peaks/s may benefit from being used together with 
other pain assessment tools, like NIPS, when the SC peaks/s 
increases for unknown reasons[31]. It has not been yet clarified 

Table I.  Skin conductance peaks/s index in the 120 s before the procedure, in the 30 s immediately before the procedure, during the procedure (30 s), in 
120 s after the procedure, and in the last 30 s of this period. The number of peaks/s was significantly higher during the procedure than before or thereafter 
(Wilcoxon Signed Ranks Test; p < 0.001).

Peaks/s (Hz) N
Centiles

Minimum 25th 50th 75th Maximum
120 s pre-procedure 68 0 0.0100 0.0300 0.1275 0.38
30 s pre-procedure 68 0 0.0000 0.0300 0.1300 0.53
Procedure (30 s) 68 0 0.0550 0.1700 0.3300 1.20
30 s post-procedure 68 0 0.0000 0.0300 0.1225 0.65
120 s post-procedure 68 0 0.0200 0.0750 0.1575 0.40

Figure 3.  Variation of skin conductance in a neonate subjected to sampling for blood gases analysis. A marked increase in peaks/s (Hz) was registered 
during the procedure (left * - heel prick; right * - end of sampling procedure). The peaks/s values in the first 30 s of the procedure (arrow) were compared 
with the immediate 30 s before the procedure and with the last 30 s of the 120 s post-procedure period.
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whether other SC indices used in combination with SC peaks/s 
index may improve the discriminative power of SC to distinguish 
between pain and general stress responses.

Infants under 30 weeks of gestation have a low water loss 
from palms and soles, measured by the water vapour pressure 
gradient[32]. Their palms and soles are not fully keratinised until 
6–7 months after birth. Inversely to the rest of the body, the water 
loss from the palms and soles rises within the first month after 
birth, which is seen as the onset of emotional sweating[33,34]. The 
neurological structures necessary for nociception are developed 
by 24 weeks of gestation[35]. Both acute muscle and skin pain 
cause an increase in skin sympathetic nerve activity, sweat release 
and gender-dependent changes in skin blood flow[36]. The SC 
peaks/s reflects the pain response to heel prick in preterm infants 
with more than 25 weeks of gestation[8]. This indicates that the 
SC peaks/s index discriminates pain responses from water loss.

Whereas NIPS is dependent on the gestational age[19], and 
different clinical pain scores are recommended for the different 
age groups of preterm infants[37], this is not the case for SC 
peaks/s index[2,8], as confirmed in this study.

During painful stimuli, the amplitude of the SC peaks 
has been shown to be influenced by postnatal age, reflecting 
previous painful stimuli[2]. The SC peaks/s was not found to be 
influenced by postnatal age both in this study and in previous 
studies[2,8].

When infants are at the same level of behavioural state, the 
inter-individual variation of the SC peaks/s is lower than the 
intra-individual variation[38]. Since SC peaks/s increases when 
the pain or discomfort of the infants increases[2–8] and the inter-
individual variation at the same intensity of pain or discomfort 
is low, SC peaks/s index is feasible to be used in any infant. The 
high sensitivity of SC indices may result from its objectivity, its 
low variation between individuals at the same level of behavioural 
state, its independence from gestational and chronological age, 
and its fast reaction time.

To summarize, the acute response of infants submitted to two 
different heel prick procedures is different. Both NIPS and the 
SC peaks/s index increased during blood sampling through heel 
prick, but only SC area under small peaks and average rise time 
were able to differentiate the nociceptive response between blood 
gases sampling and blood sampling for glycemia. This is due to 
the inability of NIPS to differentiate acute nociceptive responses 
to stimuli of different duration, an advantage provided by the SC 
algesimeter.
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a potential conflict of interest as she is part owner of Med-Storm 
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study.

References
1.	Gladman G, Chiswick ML. Skin conductance and arousal in the 

newborn. Arch Dis Child 1990;65:1063–1066.
2.	Storm H. Skin conductance and the stress response from heel stick in 

preterm infants. Arch Dis Child Fetal Neonatal Ed 2000;83:F143–F147.
3.	Storm H. The development of a software program for analyzing 

skin conductance changes in preterm infants. Clin Neurophysiol 
2001;112:1562–1568.

4.	Hellerud BC, Storm H. Skin conductance and behaviour during 
sensory stimulation of preterm and term infants. Early Hum Dev 
2002;70:35–46.

5.	Storm H, Fremming A. Food intake and oral sucrose in preterms prior 
to heel prick. Acta Paediatr 2002;91:555–560.

6.	Harrison D, Boyce S, Loughnan P, Dargaville P, Storm H, Johnston 
L. Skin conductance as a measure of pain and stress in hospitalised 
infants. Early Hum Dev 2006;82:603–608.

7.	Eriksson M, Storm H, Fremming A, Schollin J. Skin conductance 
compared to a combined behavioural and physiological pain measure 
in newborn infants. Acta Paediatr 2008;97:27–30.

8.	Munster JMA, Simonsson L, Sindelar R. Skin conductance measurements 
as pain assessment in newborn infants born 22–27 gestational weeks at 
different postnatal age [Abstract]. Pediatric Academic Societies Annual 
Meeting, Baltimore, 2009 E-PAS2009:5505.

9.	Lidlberg L, Walling G. Sympathetic skin nerve discharges in relation to 
amplitude of skin resistance responses. Psychophysiology 1981;18:268–270.

10.	Gjerstad AC, Storm H, Wallin G. Evaluation of the skin conductance 
method by using microneurographi [Abstract]. International Society for 
Anaesthetic Pharmacology (ISAP), Chicago 2006.

11.	Bini G, Hagbarth KE, Hynninen P, Wallin BG. Thermoregulatory 
and rhythm-generating mechanisms governing the sudomotor and 
vasoconstrictor outflow in human cutaneous nerves. J Physiol (Lond) 
1980;306:537–552.

12.	Dubé AA, Duquette M, Roy M, Lepore F, Duncan G, Rainville P. Brain 
activity associated with the electrodermal reactivity to acute heat pain. 
Neuroimage 2009;45:169–180.

13.	Hagbarth KE, Hallin RG, Hongell A, Torebjörk HE, Wallin BG. General 
characteristics of sympathetic activity in human skin nerves. Acta 
Physiol Scand 1972;84:164–176.

14.	Wallin BG, Sundlöf G, Delius W. The effect of carotid sinus nerve 
stimulation on muscle and skin nerve sympathetic activity in man. 
Pflugers Arch 1975;358:101–110.

15.	Macefield VG, Wallin BG. The discharge behaviour of single 
sympathetic neurones supplying human sweat glands. J Auton Nerv Syst 
1996;61:277–286.

16.	Gjerstad AC, Wagner K, Henrichsen T, Storm H. Skin conductance versus 
the modified COMFORT sedation score as a measure of discomfort in 
artificially ventilated children. Pediatrics 2008;122:e848–e853.

17.	Crellin D, Sullivan TP, Babl FE, O’Sullivan R, Hutchinson A. Analysis 
of the validation of existing behavioral pain and distress scales for use 
in the procedural setting. Paediatr Anaesth 2007;17:720–733.

18.	Lawrence J, Alcock D, McGrath P, Kay J, MacMurray SB, Dulberg 
C. The development of a tool to assess neonatal pain. Neonatal Netw 
1993;12:59–66.

19.	Bellieni CV, Buonocore G. Pain assessment and spectral analysis of 
neonatal crying. In: Buonocore G, Bellieni CV eds. Neonatal Pain: 
Suffering, Pain, and Risk of Brain Damage in the Fetus and Newborn. 
Milan: Springer-Verlag 2008;67–71.

20.	Guinsburg R, Balda Rde C, Berenguel RC, de Almeida MF, Tonelloto 
J, dos Santos AM, Kopelman BI. [Behavioral pain scales assessment in 
neonates]. J Pediatr (Rio J) 1997;73:411–418.

21.	Pereira AL, Guinsburg R, de Almeida MF et al. Validity of behavioural 
and physiologic parameters for acute pain assessment of term newborn. 
São Paulo Med J 1999;117:72–80.

22.	Williams AL, Khattak AZ, Garza CN, Lasky RE. The behavioral pain 
response to heelstick in preterm neonates studied longitudinally: 
description, development, determinants, and components. Early Hum 
Dev 2009;85:369–374.

23.	Bellieni CV, Cordelli DM, Caliani C, Palazzi C, Franci N, Perrone S, 
Bagnoli F, Buonocore G. Inter-observer reliability of two pain scales for 
newborns. Early Hum Dev 2007;83:549–552.

24.	Suraseranivongse S, Kaosaard R, Intakong P, Pornsiriprasert S, 
Karnchana Y, Kaopinpruck J, Sangjeen K. A comparison of postoperative 
pain scales in neonates. Br J Anaesth 2006;97:540–544.

25.	Uyan ZS, Bilgen H, Topuzoglu A, Akman I, Ozek E. Comparison of 
three neonatal pain scales during minor painful procedures. J Matern 
Fetal Neonatal Med 2008;21:305–308.

26.	Prechtl HFR. The Neurological Examination of the Full-Term 
Newborn Infant: A Manual for Clinical Use from the Department of 
Developmental Neurology. Clinics in Developmental Medicine n.63. 
Cambridge University Press; 2nd ed. 1991.

27.	Med-Storm Pain Monitor™ User Manual. Version 1.0 English MA001- 
25, Part number 4001. Med-Storm Innovation AS. Oslo, Norway. http://
www.med-storm.com/

28.	Craig KD, Whitfield MF, Grunau RV, Linton J, Hadjistavropoulos HD. 
Pain in the preterm neonate: behavioural and physiological indices. 
Pain 1993;52:287–299.

29.	Goddard GF. A pilot study of the changes of skin electrical conductance 
in patients undergoing general anaesthesia and surgery. Anaesthesia 
1982;37:408–415.

J 
M

at
er

n 
Fe

ta
l N

eo
na

ta
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
19

4.
65

.1
51

.5
3 

on
 0

7/
05

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

http://www.med-storm.com/
http://www.med-storm.com/


6  L. Pereira-da-Silva et al.

		  The Journal of Maternal-Fetal and Neonatal Medicine

30.	Lagercrantz H, Nilsson E, Redham I, Hjemdahl P. Plasma catecholamines 
following nursing procedures in a neonatal ward. Early Hum Dev 
1986;14:61–65.

31.	Berde C, McGrath P. Pain measurement and Beecher’s challenge: 50 
years later. Anesthesiology 2009;111:473–474.

32.	Rutter N, Hull D. Water loss from the skin of term and preterm babies. 
Arch Dis Child 1979;54:858–868.

33.	Harpin VA, Rutter N. Development of emotional sweating in the 
newborn infant. Arch Dis Child 1982;57:691–695.

34.	Anand KJ, Hickey PR. Pain and its effects in the human neonate and 
fetus. N Engl J Med 1987;317:1321–1329.

35.	Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM. 
Fetal plasma cortisol and beta-endorphin response to intrauterine 
needling. Lancet 1994;344:77–81.

36.	Burton AR, Birznieks I, Spaak J, Henderson LA, Macefield VG. Effects of 
deep and superficial experimentally induced acute pain on skin sympathetic 
nerve activity in human subjects. Exp Brain Res 2009;195:317–324.

37.	Hummel P, van Dijk M. Pain assessment: current status and challenges. 
Semin Fetal Neonatal Med 2006;11:237–245.

38.	Roeggen I, Denise Harrison, Hanne Storm. Skin conductance 
variability between and within hospitalised infants at rest. Early Hum 
Dev 2011;87:37–42.

J 
M

at
er

n 
Fe

ta
l N

eo
na

ta
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
19

4.
65

.1
51

.5
3 

on
 0

7/
05

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	Skin conductance indices discriminate nociceptive responses to acute stimuli from different heel prick procedures in infants
	Background
	Methods
	Results
	Discussion
	References


