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ABSTRACT \
The purpose of this article was to study an infant who suffered from asphyxia undergoing induced
hypothermia with regard to (1) describe the pain and stress as measured by physiological variables
skin conductance algesimeter (SCA) and pain rating scales, (2) the correlation between SCA and pain
rating scales, and (3) how temperature cycles in the cooling blanket affect the response of the sympa-
thetic nervous system as measured by the SCA and physiological variables. A single prospective case
study was used for this article. Data were recorded every 15 minutes for 96 hours. Each observation
was categorized according to treatment phase: cooling 0 to 72 hours, rewarming, and controlled nor-
mal temperature up to 96 hours. Structured observations were carried out and all nursing care was
documented. In addition, 5 periods with no other nursing interventions were identified in which data
were recorded every minute for analysis. Skin conductance algimetry showed a variable response
during treatment. During cooling, 68% of the 15-minute periods, signs of stress and pain were
recorded. During rewarming, the corresponding figure was 83%. During the time sequences with
normal temperature, 89% of the periods were associated with stress and pain. During 80% of the nurs-
ing procedures, the SCA showed stress and pain. There was no correlation between the pain-rating
scales and SCA. When the cooling blanket temperature was lower than core temperature, the infant
had more stress and pain according to SCA (P < .001) and an increase in heart rate and blood pressure
(P < .001). In infants during induced hypothermia, SCA seem to detect pain and stress. Future
evaluation of SCA for the detection of pain and stress during hypothermia treatment is necessary.
Pain-rating scales do not appear reliable in this case report.
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sphyxia (from Greek: without a pulse) may
occur before, during, or after labor. The
reduced oxygen access and the compromised

circulation put the infant’s internal organs at risk,
especially hypoxic-ischemic encephalopathy.! The

damaging effects of hypoxia can be avoided or
reduced by head or whole-body cooling of the infant,
known as induced hypothermia.'? It is vital that
infants who need cooling treatment are identified and
that treatment is started within 6 hours after birth.?
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The stress response to hypothermia is different in
adults and infants. In adults, hypothermia is coun-
teracted by shivering and vasoconstriction. This
response is so vigorous that it has to be canceled out
to keep the patient cooled.* The infant’s muscle mass
is too small to counteract the hypothermia, and the
vasoconstriction has little effect on reducing heat
loss.® Instead, infants have a so-called nonshivering
thermostat, which includes the activation of nor-
adrenaline and, thyroxine and the metabolism of
brown adipose tissue.’ Adults who are awake during
cooling report that shivering is painful and stress-
ful.® The question remains how painful/stressful
therapeutic hypothermia is for an infant.

Although neonates undoubtedly feel pain and
stress, the response to noxious stimuli can be difficult
to interpret and cause caregivers to underestimate
the infant’s distress. Untreated pain can have an
untoward effect on the infant’s central nervous sys-
tem development, wound healing, immune function,
circulation, and growth.” To overcome this problem,
pain ration scales are used. They are based on the
child’s pain signals as expressed through facial
expressions, and the signals/movement of the arms,
hands, and legs.” Pain and stress can also be seen in
physiological variables such as heart rate, heart rate
variability (HRV), and blood pressure changes.®’
Specific pain rating scales to assess infants during
hypothermia treatment have not been validated.

Pain and stress-associated sympathetic activation
can also be recognized by using a noninvasive
method, skin conductance algesimeter (SCA), or
electrodermal activity. Skin conductance algimetry
measures the emotional stress on the skin and detects
nociceptive pain'® by measuring the changes of elec-
trical conductance caused by activity in the dermal
sweat glands.

When the body experiences a threat or pain, the
sympathetic nervous system responds to the danger
by contracting peripheral blood vessels, increasing
blood pressure and heart rate. In humans, sweat
glands are most abundant in the palms and soles!!
and SCA is preferentially measured at these loca-
tions. The method has been shown to have higher
specificity and sensitivity for detecting stress and
pain than other available physiological parameters.'°
Skin conductance algimetry has been validated and
used in infants'>!® but has not, to our knowledge,
been studied in infants or adults undergoing hypo-
thermia treatment. However, a study has shown that
SCA does not react to the ambient temperatures
when tested at temperatures between 15° and 45°.1¢

The purpose of this case report of an infant who
suffered from asphyxia undergoing induced hypo-
thermia is 3-fold: to describe the pain and stress as
measured by physiological variables, SCA, and pain
rating scales in response to hypothermia and tem-
perature variations.
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MATERIALS AND METHODS

Case History

A full-term infant was born by normal vaginal deliv-
ery after an uncomplicated pregnancy, in gestational
week 40 +2 in a small district hospital in northern
Sweden. The Apgar score was 4,4, and 4 at 1, 5, and
10 minutes of age, respectively. Although the blood
gas from the umbilical cord was normal, the infant
deteriorated further, probably because of an occult
feto-maternal transfusion and after 30 minutes
required advanced cardiopulmonary resuscitation. A
blood gas indicated a severe metabolic acidosis with
pH < 6.8 and anemia. The infant stabilized and pas-
sive cooling started at 1 hour of age. Controlled
hypothermia treatment was continued after transfer
to the Umea University Hospital. During transport,
the target temperature 33.5°C = 0.5°C was main-
tained. At the university hospital, the infant was
placed on a servo-controlled cooling blanket
(Blanketrol III; Cincinnati Sub-Zero, Cincinnati,
Ohio) with a temperature range of 24°C to 42°C.
Vital signs, amplitude-integrated electroencephalog-
raphy (aEEG) (Nicolet ICU monitor; VIASYS
Nicolet eeg, Madison, Wisconsin), and fluid balance
were carefully monitored. Dopamine was needed
to maintain adequate mean blood pressure
(>40 mmHg). For sedation, according to a national
protocol for neonatal hypothermia, morphine infu-
sion (10 pg/kg per hour) was continuously adminis-
trated during treatment. The infant also received
phenobarbital because of clinically suspected sei-
zures. After a 72-hour cooling period, the infant’s
body temperature was increased by 0.5°C per hour
to a target temperature of 36.8°C. The infant
remained on the cooling blanket for an additional 24
hours after the temperature started to rise to avoid
rebound hyperthermia.

Data Collection

Definition of Phases and Sequences During the
Collection Period

Overall the observation lasted 96 hours and con-
sisted of 3 phases of controlled induced hypother-
mia: cooling 0 to 72 hours, rewarming, and con-
trolled normal temperature up to 96 hours. The
normal phase was defined as when the infant had
reached a target core temperature of 36.8°C and
remaining on the cooling blanket. The 96 hours
were divided into 15-minute sequences, rendering a
total number of 384 time sequences. Each 15-minute
sequence was categorized as follows: (a) interven-
tion (n = 181) when nursing, medical procedures,
physical contact, and the like were performed or
(b) nonintervention (n = 203). All nursing and med-
ical interventions, physical contacts, and the like,
were documented. In addition to these 15-minute
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sequences, 5 periods were identified when no nursing
interventions occurred (3 during cooling phase,
1 during warming phase, and 1 during normal tem-
perature phase). During these periods, data were
analyzed every minute.

Collection of Physiological Variables and
Temperatures

The physiological variables measured were heart
rate, oxygenation (saturation), blood pressure, HRV,
and electrocortical activity by continuous aEEG.
Monitoring data were documented every 15 min-
utes. Heart rate variability was recorded, using a
sampling rate of 1000 Hz. The HRV data were
divided into 6 sections: (1) average heart rate, (2)
total HRV (Ptot), (3) high-frequency HRYV, (4) very
low frequency (VLF) HRYV, (5) low-frequency HRYV,
and (6) the ratio of low frequency/high frequency.
aEEG signals were recorded on a computer with
online visualization for the direct observation of
seizure activity.

The core body temperature (rectal) and the blanket
water temperature (“water temperature”) were dis-
played on the cooling device, registered with a video
camera, and stored on an external disc drive. The
temperature of the cooling blanket (“blanket tem-
perature”) was recorded with a sensor, attached to
the surface of the cooling blanket. The temperature
measured was divided into 2 categories: cooling and
warming. Cooling was defined when the temperature
was lower than the infant’s core temperature,
and warming was defined when the blanket tempera-
ture was higher than the infant’s core temperature.

Collection of Skin Conductance

Pain- and stress-associated sympathetic activation
was measured by an SCA (Med-Storm Stress
Detector, version 1.1; Med-Storm Innovation AS,
Oslo, Norway), using its preprogrammed infant
measurement setting. To measure the skin conduc-
tance in infants, 3 electrodes (reference, current,
measuring) are placed on the patient’s foot (Figure 1).
An example of a recording is shown in Figure 2.
Data were processed in a computer program (Med-
Storm Application Software) and stored. Skin con-
ductance algimetry responses were divided into 5
categories of pain and stress according to the manu-
facturer’s manual (Table 1).

Assessment of Pain and Behavioral Pattern

Four different pain rating scales for infants and one
behavioral scale were used for comparison with
SCA. None of these have been validated in infants
with hypothermia treatment. The scales were used
every half hour and when signs of pain and behav-
ioral pattern changed. The pain scales used were
Neonatal Pain Agitation & Sedation Scale, ALPS1,
Comfort Neo Scale (Comn), Comfort Behavior Scale
(Comb), and behavior scale Prechtl’s 5 Point scale.

FIGURE 1.

Placement of the 3 skin conductance algimetry
electrodes on the patient’s foot. From the user
manual of Med-Storm Stress Detector, version
1.1, with permission from the owner, Hanne
Storm Med-Storm Innovation AS, Oslo, Norway.

All of these ratings scales are commonly used; they
have validity and reliability for neonates.!”2?

Statistical Analysis

All data were transferred to a spreadsheet and the
statistical software program (SPSS 17.0 Advanced
Statistical, SPSS, Inc, Armonk, NY). In addition to
the descriptive analysis used, the appropriate para-
metric tests were employed (eg, ¢ test, analysis of
variance, Pearson correlation) or the appropriate
nonparametric tests (Text Mann Whitney U,
Spearman rank correlation) to detect differences
and/or connections. The level of significance of dif-
ferences was set at P < .0S5.

RESULTS

Physiological Variables and Temperatures
During the cooling phase of the induced hypother-
mia, the core temperature average was 33.5°C
(SD = 0.23). The patient’s oxygenation during the
cooling phase averaged 95% (SD = 3.4) with a mean
heart rate of 100 beats per minute (SD = 8.4). The
mean blood pressure during cooling was 46 mm Hg
(Table 2). Interpretations of the aEEG showed no
seizure activity.

SCA During the Different Phases
Throughout all 96 hours, 73% (n = 279) of the
15-minute sequences had a peak on the SCA that
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FIGURE 2.
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Skin conductance algimetry measures the changes of electrical conductance caused
by activity in the dermal sweat glands as a response to pain or stress.The X-axis is
time in seconds, here an episode of 15 seconds. The Y-axis represents the skin con-
ductance in micro Siemens (uS). At 16:42:03, an amplitude-integrated electroenceph-
alography needle (used to obtain electrical brain activity) was inserted, resulting in
an increase in electrical conductance to approximately 11.02 uS.This is the first peak
in this episode and marked with a red dot. The infant wakes up and during fixation of
the needle, 3 more peaks are recorded. Altogether, during these 15 seconds, 4 peaks
were identified by the software of the equipment, ie, 0.27 peaks per second (shown
in the large white box), which is above the threshold value 0.21 peaks per second.

was above the threshold for pain (=0.21 peaks per
second). When the infant was in the cooling phase,
there was a peak above the threshold for pain (=0.21
peaks per second) in 68% (n = 195) of the 15-minute
sequences, and in 58% (n = 1635) of the periods the
peak was above the highest limit (=0.4 peaks per
second) on the SCA. Also, during the warming phase
signs of discomfort were obvious with significant
peaks in 83% of the 15-minute sequences (Table 3).

During nursing and other physical contact, the
SCA showed a peak above 0.21 peaks per second in
80% (n = 85) of the 15-minute sequences. During
periods when suction in the endotracheal tube
occurred, 82% (n = 35) of the periods had a peak
above 0.32 peaks per second. During 37 feeding
periods, 74% (n = 27) of the periods peaked above
0.21 peaks per second (Table 4).

Correlations Between SCA, Pain Rating
Scales, and the Prechtl Score

No significant correlations were found (Spearman
rank correlation) between SCA and pain rating scales
during the 15-minute sequences. Where SCA peaked
above the highest limit (=0.4 peaks per second), the
pain rating scales did not show evidence of pain in
55% of the periods registered. When the peak on the
SCA was just above the threshold for pain (=0.21
peaks per second), the pain rating scales showed no
pain in 65% of the periods. During the warming phase
and at normal temperature, there was no indication of
pain as determined by the pain scales (Table 5).

The behavior scale, Prechtl’s Five Point Scale,
showed that the infant had eyes closed in 81% (n =
256) of the 15-minutes sequences, and opened the
eyes during 8 of the sequences. In 7 of these, the SCA

TABLE 1. The Skin Conductance Algimetry Manual’s Definition of Pain and Stress?

Color Peaks/s The Infant

White 0.00-0.07 The infantis calm

Light yellow 0.14 The infant is calm and moves a little

Yellow 0.21-0.27 The infant is active, observe the infant, pain/discomfort threshold is reached
Orange 0.33 The infant is probably in pain/discomfort; evaluate the situation

Red =0.4 The infant is in increasing pain/discomfort

0.21 the threshold for pain is reached.

aWhen the skin conductance algimetry shows 0.00-0.20 peaks per second, the infant is in no pain, above
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TABLE 2. Physiological Variables and Temperatures Shown and Divided in All of the

15-Minute Sequences by Intervention and Different Phases of Treatment?

Physiological Cooling Warming Normal 96 Hours
Variable and Phase Phase Temperature Total
Temperatures Sequences M SD M SD M SD M SD
Oxygenation  All 15-min sequences 95! 34 92 3 92 3.9 94 3.6
Intervention sequences 95 3.5 92 2.3 92 2.5 94 3.6
Nonintervention sequences 95 3.8 91 2.5 92 2.8 94 85
Heart rate All 15-min sequences 100 8.4 116 12.2 128 €9 106 14.1
Intervention sequences 101 8.5 115 14 130 12 106 14.3
Nonintervention sequences 100 8.3 118 9.5 127 8.3 106 13.9
Mean blood All 15-min sequences 46 8.6 44 7.2 44 4.1 46 7.9
pressure Intervention sequences 46 8.9 46 8.8 45 5 46 8.4
Nonintervention sequ ences 46 8.4 43 4.4 43 3.4 45 75
Core All 15-min sequences 335 023 352 082 36.7 0.22 34.2 1.2
temperature |ntervention sequences 335 0.25 35 091 36.8 0.24 34.1 1.2
Nonintervention sequences 33,5 0.22 355 057 36.7 0.21 34.2 1.3
Blanket All 15-min sequences 30.5 5.5 33.9 6.5 36 4.8 31.7 5.9
temperature |ntervention sequences 30.2 53  34.1 6.7 356 4.7 31.4 5.7
Nonintervention sequences  30.8 5.7 33.6 6.4 36.3 4.9 32.1 6
Water All 15-min sequences 30.5 6.3 33.8 7 36.3 5.4 31.7 6.6
temperature |ntervention sequences 30.3 6 34 6.3 35.8 5.9 314 6.4

Nonintervention sequences  30.7 6.5 B3815 8 36.5 5.2 32 6.7
aMean (M) and standard deviation (SD) for the physiological variables and temperatures in each phase.

Table 3. Treatment Phases and Total Treatment Period, by Intervention, and the

Highest Peaks Documented During That 15-Min Sequence. (n = Number of 15-Min

Sequences)
Max Peaks/s, % (n)

0.00-0.13 0.14-0.20 0.21-0.32  0.33-0.39 =04 Total
Phase and Sequences Type % (n) % (n) % (n) % (n) % (n) % (n)
Intervention sequences
Cooling phase 16 (22) 7 (10) 5 (6) 7 (10) 65 (90)
Warming phase 0 (0) 12 (2) 6(1) 6(1) 76 (13)
Normal temperature 4 (1) 7 (2) 0 (0) 4 (1) 85 (22)
Total intervention sequences 12 (23) 8 (14) 4(7) 7 (12) 69 (125) 100 (181)
Nonintervention periods
Cooling phase 35 (53) 5(8) 6 (9) 3(5) 50 (75)
Warming phase 15 (2) 8 (1) 8 (1) 15 (2) 54 (6)
Normal temperature 5(2) 5(2) 3(1) 3(1) 85 (34)
Total nonintervention sequences 28 (57) 5(11) 5(11) 4 (8) 57 (116) 100 (203)
Whole 96-hour period
Cooling phase 26 (75) 6 (18) 5 (15) 5 (15) 58 (165)
Warming phase 7 (2) 10 (3) 7 (2) 10 (3) 66 (20)
Normal temperature 10 (3) 6 (4) 1(1) 7 (2) 85 (56)
Total 96-hour period 20 (80) 7 (25) 5(18) 5 (20) 63 (241) 100 (384)
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TABLE 4. Percentage and Frequency of the Number of Maximum Peak/s Skin

Conductance Algimetry Measurements by 2 Different Nursing Interventions and 3
Treatment Phases (n = Number of 15-min Sequences)

Maximum Peaks/s
Nursing Intervention 0.00-0.13 0.14-0.20 0.21-0.32 0.33-0.39 =0.4
Endotracheal tube suction
Cooling phase 22%(n=6) 7% (n=2) 0%(n=0) 14%(n=4) 57%(n=16)
Warming phase 0% (n=0) 0% (n=0) 0%(n=0) 20%(n=1) 80% (n=4)
Normal temperature 0%(n=0) 0% (n=0) 0%(n=0) 20%(n=1) 80%(n=29)
Total 13% (n=6) 5% (n=2) 0%(n=0) 14%(n=6) 68% (n=29)
Feeding
Cooling phase 19% (n=5) 8% (n=2) 8% (Nn=2) 12%(n=3) 54% (n=14)
Warming phase 0% (n=0) 0% (n=0) 0% (n = 0) 0% (n=0) 100% (n =2)
Normal temperature M%(n=1) 22%(n=2) 0% (n = 0) 0% (n=0) 67% (n=6)
Total 16% (n=6) 11% (n = 4) 5% (n = 2) 8% (n=3) 60% (n=22)

had a peak higher than the highest limit (=0.4 peaks
per second). When the patient opened the eyes and
moved at some time during 4 out of the 15 minutes
periods, the SCA response showed a high level of
discomfort. During the observation, the infant was
never seen crying (Table 6).

Effect of Temperature Cycles in the Cooling
Blanket on SCA and Physiological Variables
Figure 3 shows the relationship between the cooling
blanket temperature fluctuations, the infant’s body
temperature, and the peaks from SCA during the §
different minute data periods. When the cooling
blanket’s temperature was lower than the core tem-
perature, the infant had more pain and stress,
according to SCA as compared to when the blanket
was warming (P < .001).

When the blanket’s temperature was lower than
body temperature, a significant increase in heart rate
and mean blood pressure occurred (P < .001). The
SCA highest peaks per second were also significantly
higher when the blanket was cooling than when it
was warming (P < .001). No significant changes in
HRYV were found (Table 7).

DISCUSSION

Skin conductance algimetry has been reported for
more than 10 years to be a measure of discomfort
caused by pain and stress in infants regardless of
environmental temperature, cardiorespiratory sta-
tus, or neuromuscular blockade, and has been
claimed to detect nociceptive pain better than other
objective methods.'%2324 Studies in adults who com-
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municated the level of discomfort showed a direct
significant correlation between SCA and pain.?5-’
More recent studies confirm that SCA detects pain
in both preterm and term infants and further indi-
cate the differentiation of pain and discomfort.2$:°
However, to our knowledge, no study of pain assess-
ment using SCA in infants undergoing treatment
with hypothermia has yet been preformed. In this
case report, throughout all 15-minute sequences dur-
ing treatment with hypothermia, outbreaks of pain
and stress were frequently present according to SCA
with an increase in stress/pain levels when the blan-
ket was cooling and also during the warming phase.
Furthermore, SCA also indicated increased stress
and pain during nursing interventions.
Physiological signs of pain such as heart rate,
blood pressure, oxygen saturation, and HRV are also
often used to identify pain in infants.’® These physi-
ological signs seem to be short and go unnoticed, or
its variations can be influenced by the hypothermia
treatment making assessment of physiological signs
over prolonged period of time more difficult. In this
case report, the average heart rate and mean arterial
pressure were higher, while oxygenation was lower
when the blanket was cooling as compared with
warming. This might indicate that cooling is more
stressful. On the contrary, HRV was inconclusive and
may be difficult to interpret during hypothermia.
Various validated pain assessment tools based on
behavioral signs have been reported,-32 but none of
these have been validated for infants undergoing
hypothermia treatment. It is important to remember
that there are no validated pain scales in infants dur-
ing hypothermia treatment, but they are still used in
this patient group. In this case report, no correlations
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TABLE 5. Number of 15-Min Sequences With a Maximum Peak/s in the
Corresponding Interval (0-0.013, 0.14-0.20, 0.21-0.32, 0.33-0.39, and =0.4) for Each

Pain Rating Scale Comparison of Pain Rating and Skin Conductance Algimetry During
the Hypothermia Treatment Phases by Situations With No Pain vs Pain, With the

Maximum Peak on the Skin Conductance Algimetry

Maximum Peaks/s
Phase Rating Scale Pain or No Pain  0-0.013 0.14-0.20 0.21-0.32 0.33-0.39 =04
Cooling phase N-pass No pain 61 14 12 14 138
Pain 0 1 0 0 7
Comfort BS No pain 61 13 12 13 131
Pain 0 2 0 1 14
Comfort NS No pain 61 13 1 13 128
Pain 0 2 1 1 17
ALPS 1 No pain 60 13 12 12 1M
Pain 1 2 0 2 34
Warming phase N-pass No pain 2 3 2 3 20
Pain 0 0 0 0 0
Comfort BS No pain 2 3 2 3 20
Pain 0 0 0 0 0
Comfort NS No pain 2 8 2 8 20
Pain 0 0 0 0 0
ALPS 1 No pain 2 3 2 3 20
Pain 0 0 0 0 0
Normal N-pass No pain 8 4 1 1 28
temperature Pain 0 0 0 0 0
Comfort BS No pain 3 4 1 1 28
Pain 0 0 0 0 0
Comfort NS No pain 8 4 1 1 28
Pain 0 0 0 0 0
ALPS 1 No pain 3 4 1 1 28
Pain 0 0 0 0 0
Total N-pass No pain 66 21 5 18 186
Pain 0 1 0 0 7
Comfort BS No pain 66 20 15 17 179
Pain 0 2 0 1 14
Comfort NS No pain 66 20 14 17 176
Pain 0 2 1 1 17
ALPS 1 No pain 65 20 15 16 59
Pain 1 2 0 2 34
Abbreviations: ALPS, Astrid Lindgren Children’s Hospital Pain Scale; BS, Comfort Behavior Scale;
NS, Comfort Neo Scale.

between commonly used pain rating scales and other
physiological signs of pain could be found. This sup-
ports the experience by others who have questioned
the benefit of pain rating scale in these patients.’ The
Prechtl scale showed that the infant had no estab-
lished signs of pain during treatment, and thereby

also indicating the problem with behavior scales for
assessment of discomfort.

In an animal study, plasma cortisol levels during
hypothermia were increased during the hypothermia
phase and almost tripled during warming, as compared
with the animals kept at normal temperature.3* This

www.advancesinneonatalcare.org
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TABLE 6. Prechtl Score and Skin Conductance Algimetry: Percentage and Number of

15-Minute Sequences with a Maximum Peak/s in the Corresponding Interval (0-0.013,

0.14-0.20, 0.21-0.32, 0.33-0.39, and =0.4) Divided Into Each Prechtl Score?

Prechtl Maximum Peaks/s

Score 0.00-0.13 0.14-0.20 0.21-0.32 0.33-0.39 =0.4

1p Eyes closed, regular 20% (n =61) 6% (n=20) 4% (n=13) 4% (n=14) 47% (n = 148)
respiration, no
movements

2p Eyes closed, irregular 1% (n=3) 1%(n=3) 03%((n=1) 1%(h=3) 12% (n = 36)
respiration, small
movements

3p Eyes open, no 0.3% (n =1) 2% (n =7)
movements

4p Eyes open, gross 0.3% (n=1) 1% (n = 3)
movements

5p Crying (vocalization)

aPrechtl score showing the patient’s movements and maximum peak of the skin conductance algimetry
response (n = times of rating during a 15-minute sequences).

pattern may also have been reflected in the SCA
response of the infant with the most pronounced
response during the rewarming cycle.

The infant had periods with high number of peaks
per second recorded by the SCA when caregivers

preformed rather harmless nursing interventions, for
example, only touching. It has been reported that
sick term infants in the NICU had a higher stress
response with a higher median baseline salivary
cortisol level compared with healthy infants, and

FIGURE 3.
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TABLE 7 Changes in Physiological Variables Relative to the Blanket Cooling or

Warming

Physiological Variable Blanket Activity n m SD P

Oxygenation Cooling 196 98 3.0 P <.001
Warming 144 94 3.7

Heart rate Cooling 195 110 15.5 P <.001
Warming 144 103 12.0

Average blood pressure Cooling 196 44 6.1 P < .001
Warming 144 41 6.7

SCA peaks/s Cooling 196 0.31 0.3 P < .001
Warming 139 0.14 0.2

HRV total Cooling 83 3.17 0.5 NS
Warming 56 3.28 0.6

HRV VLF Cooling 83 2.39 0.5 NS
Warming 56 2.4 0.6

HRV LF Cooling 83 2.84 0.6 NS
Warming 56 2.96 0.6

HRV HF Cooling 74 2.42 0.6 NS
Warming 56 2.54 0.7

HRV ratio VLF/LF Cooling 74 0.44 0.3 NS
Warming 56 0.42 0.3

Abbreviations: HE high frequency; HRV, heart rate variability; LF, low frequency; NS, not significant;

SCA, skin conductance algimetry; VLF, very low frequency.

were also more stressed during procedures that
should not be painful, like nappy change.? This sug-
gests that sick infant in the NICU, also those treated
with hypothermia, are under stress and may be
hypersensitive to touching and pain. Continuous
SCA monitoring during hypothermia warrants fur-
ther evaluation as a new tool where physiological
signs and rating scales for evaluation of discomfort
seem to be inherent.

Animal studies have showed that adequate sedation
is essential for optimal neuroprotection and stress
reduction.’ It is reasonable to think that asphyctic
infants react in a similar way. In therapeutic hypother-
mia for adults, analgesia with opioids is standard
care.’® We believe that adequate sedation and anal-
gesia should also be standard of care in infants under-
going hypothermia treatment. Results from this case
study suggest that SCA can be an interesting tool to
identify discomfort in infants treated with hypother-
mia and to evaluate the effects of analgesia.
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