
  

  

Abstract— Heart rate variability (HRV), oxygen saturation 
variability (OSV) and skin conductance activity (SCA) are 
recognized physiological markers of acute pain. In order to 
verify which of them has the best correlation with 
psychophysical parameters of pain (intensity, reactivity, 
direction, regulation and slope), an observational prospective 
study was performed, including 41 healthy full term newborns. 
The measurements studied were the HRV, the OSV, and the 
following SCA variables: number of waves per second (NWps) 
and relative area under the curve of waves (AUC). The 
measurements were performed in periods labeled before, 
during, and after a heel prick. The variation measured for 
intensity between periods was significant for the NWps 
(p=0.001), AUC (p=0.03), HRV (p=0.001) and OSV (p=0.004). 
Also, the reactivity and direction were significant for all 
variables, except AUC. The regulation parameter was 
significant for the variables NWps (p<0.01), AUC (p<0.05), 
HRV (p<0.01) and OSV (p<0.01). The slope was statistically 
significant only for the OSV variable (p=0.000). We concluded 
that the responses of the SCA, HRV and OSV to painful events 
fit the psychophysical parameters of a physiological marker 
and serve as valuable measures for pain diagnostic working the 
use in accordance with the needs of the context. 

 
I. INTRODUCTION 

Behavioral responses to a painful event are limited in 
critically ill newborns as they are unable to display them, 
especially when sedated or receiving muscle relaxants [1]-
[4]. Physiological measures such as heart rate variability 
(HRV) [3],[5],[6], oxygen saturation variability (OSV) 
[5],[6], and skin conductance activity (SCA) [7]-[13] have 
been studied as indicators of response to noxious stimuli in 
newborns in such critical contexts. Heart rate (HR) and 
oxygen saturation (OS) are relatively easy and of low cost to 
obtain, being often regarded as a useful measure of pain 
reactivity. However, HRV and OSV may have limited 
clinical use due to their low specificity and efficacy in 
emergency contexts [3],[5],[6],[10],[14]. Recent studies 
have considered SCA a physiological measure more linked 
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to pain, as it shows faster reaction (within seconds after 
noxious stimuli). Moreover, it is an objective method, the 
variability between individuals is minimal, and it is not 
influenced by circulatory changes, cardiovascular drugs, 
environmental temperature, or changes in respiratory rhythm 
like apnea. Thus, it seems to be more sensitive and specific 
to pain than other available methods [15]-[22]. 
 The SCA reflects changes in secretions in the palm and 
sole sweat glands after activating the sympathetic nervous 
system (SNS) from the skin surface. Each time the SNS is 
activated, the sweat glands of those areas are filled up and a 
spontaneous wave of SCA occurs. SCA is an electrical 
phenomenon translated by a conductance measuring system 
as number of waves per second (NWps) showing how often 
the SNS is firing; and the area under the curve (AUC) 
showing how forcefully the SNS is firing. An increase in 
these measures may be interpreted as increased activity of 
the SNS, demonstrating a positive correlation with other 
physiological and behavioral pain indicators [8],[10]-
[13],[18]. 
 The response pattern of physiological indicators to a 
painful event in an acute pain context starts from a baseline 
condition followed by reactivity to the painful stimulus, 
ending with the recovery period. According to Oberlander’s 
model for studying pain [7], pain measures can be analyzed 
by five parameters: intensity or magnitude, calculated as the 
average and standard deviation of the score; reactivity 
(significant change of score from baseline to the stimulus); 
direction (is an increase the same as a decrease?); regulation 
(or score change from pain to recovery); and slope (which 
reflects the over-regulation or down-regulation trends, and is 
calculated by the linear regression coefficient) [3],[14]. 
Intensity and reactivity are interdependent parameters which 
pain measures must always meet [23]. In this sense, the 
reactivity would be inversely dependent of a baseline value, 
e.g., the higher the baseline value the lower the reactivity 
would be and vice versa. The reactivity parameter 
constitutes the basis for theoretical application of the Law of 
Initial Value (LIV), which states that the magnitude of a 
physiological response depends on the comparison from the 
baseline of the same individual [3],[20],[23]. On the other 
hand, a return to baseline (regulation) would occur faster 
[3],[23]. The direction would depend on the presence of a 
stimulus to increase or decrease the baseline value and thus 
the response could be ascendant or descendent. Finally, the 
slope refers to the rate at which the change occurs in the 
baseline score during the stimulation, which is calculated by 
a statistical resource, the regression coefficient. Therefore, 
the higher the value of the slope, the more significant the 
possibility is of the value of the period before predicting the 
value of the period during the procedure [9],[12]. 
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 No reports were found comparing HRV, OSV, and SCA 
based on the theoretical parameters of the interpretation 
model of pain in newborns cited above. The criticism made 
of the use of these measures is that variability associated 
with response to the noxious stimulus, including the 
baseline, reactivity and recovery phases, depends on several 
individual conditions [2],[3],[23] and a good measure must 
be less sensitive to them. Hence, this study aims to verify if 
the HRV, OSV, and SCA fit well into Oberlander’s model, 
especially for the five proposed parameters of pain 
measurement. 
 

II. METHODS 
 

A. Study design and participants 

 This is an observational study, controlled by the 
individual, before, during, and after the painful event. The 
sample population studied consists of 41 healthy newborns 
with gestational ages between 37 and 41 weeks, subjected to 
a heel prick for capillary blood glucose level testing within 
48 hours of life. They were selected based on convenience 
from the neonatal care unit at the University of Brasília 
Hospital, Brazil. Newborns excluded were those with a five 
minute Apgar score less than seven, those that received any 
analgesia or sedation before the heel prick, those with 
metabolic, respiratory, cardiovascular, neurological or 
infectious diseases, third or fourth degree intracranial 
hemorrhage, those with impaired skin integrity, and those 
with cardiac, pulmonary, gastrointestinal, and neurological 
congenital malformations. Written informed consent from a 
parent was obtained before inclusion of the newborns in the 
study, which was performed in accordance with the 
Declaration of Helsinki [24] and the Resolution 196/1996 of 
the Brazilian National Commission of Ethics in Research 
[25], and approved by the Research Ethics Committee of the 
University of Brasília. 
 
   B. Procedure 

 The heel prick was considered as the painful event. The 
following clinical variables were recorded: maternal and 
gestational age, type of delivery and maternal anesthesia, 
resuscitation support of the newborn in the delivery room, 
birth weight, gender, breastfeeding at the last hour before the 
puncture, if the newborn received glucose two minutes 
before the procedure, postnatal age, number of previous heel 
pricks and number of other previous painful procedures. 
 All instruments were installed ten minutes before heel 
prick. The newborns were subjected to heel prick on the 
right foot with a 25x7 needle (BD Instruments). The heel 
lancing, squeezing and application of the compression 
bandage lasted for 30-60 seconds. No unpleasant procedure 
was carried out in the one-hour period that preceded the 
puncture. The newborns were observed during three periods, 
each of three minutes: before heel prick, considered to be the 
baseline or before period; immediately after the lancing, 
squeezing and application of the compression bandage 
(considered as the painful stimulus), the during period; and 
the remaining three minutes after this procedure being 

considered to be the recovery or after period. HRV and OSV 
were obtained using a pulse oximeter (DX 2515-Dixtal) 
videotaped by a tripod mounted digital video camera (DCR-
SR47-Sony). The highest HR value and the lowest OS value 
for the three minutes of each period were read from these 
video recordings, away from the clinical setting, using a 
second to second stop frame technique. From the images 
recorded with the video camera, the behavioral state of the 
newborns received a score from 1 to 5, meaning from deep 
sleep to crying state, according to Pretchel’s criteria [26]. 

The SCA was measured by an electric conductance meter 
(Skin Conductance Measure System-SCMS, Med-Storm 
Innovation, Oslo, Norway), using an alternating current 
(AC) at 60 Hz. The device emits a voltage of 50 mV through 
a system of three electrodes (Electrodes Skin Conductance 
Algesimeter, Med-Storm Innovation, Oslo, Norway). The 
first is the measurement electrode, the second, the current 
electrode and the third, the reference electrode, which 
ensures a constant voltage from the innermost layer of the 
cornea stratum to the measurement electrode. These 
electrodes were fastened to the newborn’s left foot. The 
measurement electrode was placed on the sole of the foot, 
adjacent to the toes, the current electrode on the internal side 
of the ankle and the reference electrode on the external side 
of the ankle, according to Edelberg and Storm guidelines 
[12],[27]. The electrodes were wrapped in order to eliminate 
any unwanted movements. This setting is non obtrusive as 
OSV and HRV and can follow the infant continuously for 48 
hours. 

The SCMS uses a computer program that records the 
NWps and calculates the AUC in the periods studied. The 
record of the NWps corresponding to the valleys and peaks 
derived from the electrical impulses is defined when the 
derivative of the wave is zero and is observed on a monitor 
attached to the system in a digital graph format. The NWps 
correlates directly to the rate of firing in the sympathetic 
nerves. The AUC of the waves is measured, in μSs, by the 
highest value of the area huge peaks and area small peaks. 
The program has a basic configuration, calibration 
sensitivity of 0.02 μS. NWps and AUC were analyzed in 
time intervals of 15 seconds at the beginning of each 
observation period. All data was collected and stored in an 
electronic database by the same researcher.  
 

C. Statistical analysis 
 
 The sample size was estimated at 26 newborns for an 
alpha error of 5%, a beta error of 20% and a statistical power 
of 80%. In order to verify significant differences of intensity 
among the periods before, during and after heel prick with 
respect to SCA, HRV, OSV, and behavioral state, the 
Friedman nonparametric-paired test was performed. To 
determine statistical significance for reactivity and direction, 
when comparing the differences during-before, the 
Wilcoxon nonparametric-paired test was used. To determine 
statistical significance for regulation, when comparing the 
differences after-during, the Wilcoxon nonparametric-paired 
test was used. Linear regression was used to verify the 
regression coefficient of pain indicators for the period 
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during (slope component). To verify if the clinical and 
demographic variables were related, two-way ANCOVA 
analysis was used. A level of p< 0.05 has been chosen as the 
threshold for statistical significance. 
 

III. RESULTS 

Data of two newborns for NWps and eight for AUC do not 
were considered due to an electronic noise attributed to the 
60 Hz AC in the electrical installations of the clinical setting, 
compared to the 50 Hz AC used in the majority of research 
settings. Data of two newborns for HRV and four for OSV 
also do not were used on analysis due to collection failure, 
as there was no stabilization of the oscillations in the 
monitoring apparatus. The remaining data of these subjects 
were analyzed. 

The newborns had a mean gestational age of 38.9 weeks 
and mean birth weight of 3184 g, 51% were male and 68.3% 
were delivered by cesarean section, 39% were large for 
gestational age, 41.5% small for date and 5.1% from diabetic 
mothers; 68% of the newborns were breastfed one hour 
before the puncture and only 9.8% received glucose orally 
two minutes before the procedure. The newborns’ mean 
postnatal age at the time of procedure was of 18 hours and 
the mean of previous painful events before the procedure 
was 2.6. The neonates were awake in the period before, as 
observed from of the behavioral state analysis (mean value = 
2.3) and there was a significant increase in the latter at the 
period during (mean value = 4.9, χ² = 56.66, p = 0.000). No 
effect was found among the clinical and demographic 
variables and the variation between before and during the 
painful event by each of the measures and the entire sample 
data was used in the following analyses. 
 The analysis of the intensity showed that the NWps and 
the AUC were significantly different between the periods 
before, during and after (χ² = 13.07, p = 0.001 and χ2 = 
7.02, p = 0.03, respectively), as well for HRV and OSV (χ² 
= 15.17, p = 0.001 and χ2 = 10.97, p=0.004, respectively) 
(Table I).  

NWps, HRV and OSV variables fit the psychophysical 
parameters reactivity and direction of a physiologic marker. 
Differences during-before as reflecting the reactivity and 
direction to NWps (Z = -4.20, p = 0.000), HRV (Z = -3.50, 
p = 0.001) and OSV (Z = 3.03, p = 0.004) were statistically 
significant. The regulation parameter, obtained by the 
difference after-during was significant for the variables 
NWps (Z = -3.48, p = 0.000), AUC (Z=-2,038 p=0.042) 
HRV (Z = -3. 50, p = 0.000) and OSV (Z = - 2.60, p = 
0.009). The values of all variables return to baseline level 
after recovery, as expected. Therefore, there was no 
significant difference between the periods before and after 
for all variables (Table II). 

 Regression analysis, used to evaluate the slope of the 
curve among the periods during and before, was not 
significant for the variables NWps (R = 0.19, R2 = 0.04, p = 
0.22), AUC (R = 0.23, R2 = 0.05, p=0.12) and HRV (R = 
0.26, R2 = 0.07, p = 0.102), however it was significant for 
OSV (R= 0.58, R2 = 0.34 p = 0.000). 

 

TABLE I 
Mean values (ranges) for SCA (number of waves per second and area under 
the curve of waves), HRV and OSV (maximum HR and minimum OS) for 
the periods before, during and after heel prick in 41 healthy full-term 
newborns 

 
 
Notes: SCA = skin conductance activity; NWps = number of waves per 
second; AUC = area under the curve of waves; HRV = heart rate variability; 
OSV = oxygen saturation variability; μSs = microsiemens second; HR= 
heart rate; bpm= beats per minute; OS= oxygen saturation; (%) = percent  

TABLE II 
Means (ranges) for differences in SCA (number of waves per sec and area 
under the curve of waves), HRV and OSV (maximum HR and minimum 
OS) between during and before, between after and during, and between 
after and before periods related heel prick in 41 healthy full-term newborns 

 
Notes: Wilcoxon test * p < 0.05 ** p < 0.01; SCA = skin conductance 
activity; NWps = number of waves per sec; AUC = area under the curve of 
waves; HRV= heart rate variability; OSV = oxygen saturation variability; 
μSs = microsiemens second; HR= heart rate; bpm= beats per minute; 
OS=oxygen saturation; (%) = percent 

 
IV. DISCUSSION 

 
Three measures of pain in newborns, HRV, OSV, and 

SCA, were fit to the model analyzed. Measures of autonomic 
nervous system response to pain stimulus can also be 
derived from HRV and OSV, although these can suffer 
interference from individual and environmental variables 
[3],[5],[6]. Despite that SCA can vary according to 
gestational age, prior number of painful events and duration 
of stimulus, it seems to be more specific to pain response as 
it is not influenced by circulatory or respiratory changes or 
the use of cardiovascular drugs [12],[13]. Moreover, the 
HRV and OSV are regulated at brainstem level, different 
from the SCA, where higher brain areas known to be 
involved in pain perception are activated during painful 
procedures [29],[30]. 
 In this study we found that NWps, HRV and OSV 
measures fit the parameters intensity, reactivity and 
direction. The parameter regulation was confirmed by 
NWps, AUC, HRV and OSV. The slope between the periods 
before and during was not satisfactory for the variables 
NWps, AUC and HRV. However, it was significant for 
OSV. The intensity level for both HRV and OSV was similar 
to those found in other studies with full term newborns, 
[5],[6],[13] varying significantly among the three periods 
observed, not suffering effects of clinical and demographic 
variables.  
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 The NWps reaction is around two seconds after the 
stressor event and the level of these responses does not vary 
with gestational age and postnatal age [7],[8],[10],[11]-
[13],[28],[31],[32]. This fact was confirmed in this study by 
a significant elevation of the NWps from 0.12 to 0.24 in a 15 
second period after heel prick (Table I). These values are 
quite similar to those found by Hellerud and Storm that 
found 0.25 NWps in term newborns at one week postnatal 
age also subjected to heel prick [10]; and different to those 
by Harisson and colleagues, in newborns of several 
gestational ages, which showed an increase in the NWps up 
to 0.08 immediately after heel prick [18]. These latter values 
may be different due to the presence of premature conditions 
where there is evidence of significant increase of 0 to 0.03 
NWps after heel prick in premature newborns with 
gestational age between 29 and 35 weeks, and with postnatal 
age between 1 and 25 days [31].  

The intensity level for the NWps found by us was larger 
than those found by Harrison and colleagues [18] and there 
may be two justifications for this. The first one is the 
possible exposure of our sample to an intrauterine stress, 
because most of the newborns were either large or small for 
gestational age or from diabetic mothers. There is evidence 
that stress can affect SCA as maternal stress increases the 
SCA of the mother and the fetal HRV [33]; and premature 
newborns exposed to a greater number of punctures are more 
sensitive than those exposed to fewer punctures [11]. 
Otherwise, the small number of times that our newborns 
were subjected to punctures seems not to have interfered 
with the increase of the SCA baseline. However, none of 
these covariates was correlated with the variables studied 
here. Secondly, the behavioral state at baseline may have an 
effect enhancing the SCA as all the newborns were awake 
before heel prick, as seen by the behavioral state score of 
2.1, that was almost twice as large as those found in research 
with premature newborns submitted to a heel prick [28]. In 
another study where 15 infants at rest, i.e. asleep and not 
moving (behavioral state 1) were observed six times during 
48 hours the NWps had low values, varying between 0 and 
0.04 waves per second and the mean value was 0.002 [34]. 

The AUC reactivity in the present research was not 
significant, although the AUC had an increment of 1.43 to 
1.85 μSs between before and during the heel prick. There is 
a similar finding in another study with an increase in the 
amplitude of waves from 0 to 0.03 μS [31]. Until recently, 
the amplitude of waves has been used in most research 
works as a secondary variable for analysis of the SCA 
[8],[10],[11],[13],[18],[31], making a comparison with the 
AUC data here obtained difficult. We hypothesized that this 
absence of ACU reactivity can be attributed to short 15 
second observing periods as it seems to increase in bigger 
intervals of 30 and 180 seconds as we could observe during 
the tests, but it must be tested in further studies. 

The reactivity of HRV and OSV analyzed separately are 
considered an indicator of low specificity for the diagnosis 
of pain, due to environmental and paradoxical variations like 
instability in blood circulation and respiration 
[2],[3],[5],[6],[35]. Although there is a trend to HR 
increment and OS decrement during a painful procedure, the 

difference found between the periods before and during may 
not always be significant [31]. Breastfeeding or use of oral 
glucose before the painful event may change the HR and OS 
values [13],[36]. In our sample, most newborns were nursed 
in the last hour before the procedure and only four newborns 
received hypertonic sucrose orally, features that did not 
influence the variables studied as viewed by two-way 
ANCOVA analysis for clinical variables. This is in 
agreement with one study with premature newborns that 
were fed or received oral glucose, which showed reduced 
crying time, but not differences for HR and SCA [13]. In 
contrast, two studies with term and premature newborns 
have shown decreased HR after heel prick, being that the 
first group was not exposed to oral glucose and the second 
was exposed to oral glucose before heel prick [5],[36].  

The regulation parameter was significant for all variables. 
Several articles involving SCA discuss variation in values 
found for the periods during and after heel prick. In our 
study the NWps and AUC fell significantly from 0.24 to 
0.13 and from 1.85 to 1.1 μSs, respectively (Table I). All 
findings were consistent with those found in other research 
works [8],[10],[11],[13]. The difference was that the 
amplitude of waves rather than the AUC was used in those 
studies. Recent investigations, however, have worked with a 
new calibration of the SCMS and AUC which now appears 
to be an index considered more sensitive to assess how 
forcefully the SNS is firing [37].  

The slope for all variables, except for OS, was not 
significant. The function of the slope is to predict the level 
of response during the painful event. However, when the 
baseline level is high, as in this study, generally the slope is 
low and the use of this parameter degrades in analysis. No 
reports were found involving slope and SCA. It was noted 
that the values for HRV and OSV in the period after  
returned to an equal or inferior level than in the period 
before, that the NWps was slightly above that found for the 
period before, and that the AUC was much lower in the after 
period than the before period. However, significant 
differences were not observed between the periods after and 
before for all variables. The behavior of the SCA agreed 
with the expected evaluation of pain through physiological 
indicators, where the tendency of the baseline of the after 
period to stay above that of the period before the painful 
stimulus to NWps. One explanation for the findings of HRV 
and OSV would be that intervals of time less than three 
minutes are more than sufficient to regulate the inhibitory 
response of the autonomic nervous system [1],[5].  
 

V. CONCLUSION 
 

In conclusion, NWps, HRV and OSV fit four of the 
psychophysical parameters of a physiologic measure being 
sensitive enough to show significant psychophysical change 
to a painful stimulation. The reactivity for AUC was not 
significant and needs major studies for acceptance. Our 
results help to state the response of the SCA as a valid 
physiological measure. Despite the fact that OSV was the 
only measure to meet the five parameters, SCA may be 
considered a marker related more specifically with the 
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painful event and reliable to be used alone in clinical 
contexts, suitable especially to surgery or in critically ill 
newborns due to its high efficacy, as both HRV and OSV 
show strong evidence of being also sensitive to a great 
influence of exogenous and endogenous factors. Thus, the 
HRV and OSV would only be recommended in non-
emergencies contexts if adopted in combination with other 
physiological and behavioral methods of pain assessment 
[5],[6],[10]. 
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