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ABSTRACT

Aim: Preterm infant is deprived of various in-utero sensory experiences which have been documented as risk factor for prevalence of
broad range of neurodevelopmental impairment in preterm infants. The present study evaluates the pain processing pattern in
preterm neonates with and without known abnormalities using the Premature Infant Pain Profile ( PIPP) - a 7 indicator pain
measure that include three behavioural (facial actions: brow bulge, eye squeeze and nasolabial furrow), two physiological (heart rate
and oxygen saturation ), and two contextual (gestational age and behavioural state).

Method: Neonates were randomly observed for recetving one of the following procedures: Dry cotton swab for simple touch (T ), Cold
and warm water wet cotton swabs for recording temperature perceptions (Tp), venous puncture in the back of the hand (P),
constdered as a painful stimulus; or alcohol swab friction on the back of the hand (F), considered as a distressing but not painful
stimulus. A neonatologist evaluated physiologic and behavioral pain parameters. The evaluation of the perception includes utilizing
Neonatal Infant Pain Scale (NIPS) and PIPP.

Results: The mean pain score is 8.04 which is considered as moderate as per PIPP table. The standard deviation is 3.517. The
probability distribution of pain is normal.

Conclusion: The pain perception according to the recorded score is moderate in the premature neonates and the perception score is
comparatively high in preterm neonates with known abnormalities. The infants born at 29—31 weeks of gestational age group showed
greatest changes in the hemodynamic patterns during exteroceptive painful sttmulation.

KEY WORDS: premature, neonates, Premature Infant Pain Profile, PIPP, Neonatal Infant Pain Scale, NIPS, preterm birth.

INTRODUCTION

Preterm infant is deprived of various in-utero sensory experiences which have been documented as a risk factor for prevalence of a
broad range of neurodevelopmental impairment in preterm infants.! The spectrum of neurodevelopmental disabilities includes
cerebral palsy, mental retardation, visual and hearing impairments and more subtle disorders of central nervous system function.?

The Neonatal Intensive Care Unit [NICU] is one of the most commonly used clinical interventions in the stabilization and providing

a multimodal sensory experience for normal growth and development of a preterm infant. In two decades, many pain assessment
tools have been established to measure pain in infants in the NICU.37 Regrettably, the developed scales has not been upheld to
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perform complete psychometric testing. Furthermore, many studies have not used appropriate theoretical models to determine the
developmentally relevant, relatively specific pain indicators in this population.

According to Jonsdottir et al,® the need for a pain measure is a clinically important issue for substantiating a therapeutic decision
and evaluating the effectiveness of a particular intervention. This is especially true as professionals are becoming increasingly aware
of the immediate and long-term effects of pain in preterm and term infants. The management of pain in infants at the NICU has
improved over the last decade in response to advancements in the understandings of pain and pain relief although much is still to be
learned.’® One of the major challenges is assessing the degree of experienced pain in the absence of verbal expression.® The
assessment of pain in the neonates needs more than a single indicator because nociception have much more complex nature in
infants. There are two familiar indicators used for the pain assessment , One of which is the Premature Infant Pain Profile (PIPP).
This is an indicator in English in 1990s and got to light in 1996 by Stevens and colleagues. This scale helps researchers and clinical
practitioners to assess acute pain in preterm and term neonates.! The present study evaluates the pain processing pattern in preterm
neonates with and without known abnormalities. The study also establishes evidence on gender differences in pain perception and
level of alertness in preterm neonates for understanding the pain perception.

MATERIALS AND METHODS
This cross sectional study was conducted in the Neonatal Intensive Care Unit [NICU] & Paediatrics department of MGM Medical
College, Navi Mumbai. A study population of 125 premature neonates was selected based on convenient sampling technique
(admitted into neonatal ICU) and were separated into two groups based on the complications they possess. First group contained
only preterm neonates without any known complication & the second observed group of preterm neonates possessed any known or
observed birth complications such as gross or physiological defects.

Normal neonates were analyzed for any significant difference with the premature neonates. After written maternal consent prior to
enrollment, healthy neonates admitted to rooming-in with their mothers, with post-natal age greater than 24 hours. At this time their
stress response to delivery is attenuated; newborn preterm infants with late non-hemolytic jaundice and indication for venous
puncture for bilirubin dosage by the clinical staff were selected and 30 to 45 minutes interval was given between last feeding and
recorded observations in order to have a calm and reactive patient to observe.

The infants whose mothers had used any opioid during pregnancy, labor or delivery, were excluded in the study since these drugs
can cross the placenta and affect fetus and newborn infant pain perception. Also with mothers who had general anesthesia during
delivery were excluded, as anesthetics can readily cross the placenta and interfere with neonatal nociception; Infants at high risk
due to major malformation or neurological abnormalities were also excluded from the study.

All the study population was exposed to various exteroceptive sensations like simple touch, pressure, pain, temperature and reaction
of the neonates during exteroceptive sensation perception was noted.

After patient enrollment, the following neonatal data was registered: birth weight in grams, gestational age, gender, relationship
between birth weight and gestational age, post-natal age in hours, and minutes after the last feeding.

Neonates were randomly observed for receiving one of the following procedures: Dry cotton swab for simple touch (T), Cold and
warm water wet cotton swabs for recording temperature perceptions (Tp), venous puncture in the back of the hand (P), considered
as a painful stimulus; or alcohol swab friction on the back of the hand (F), considered as a distressing but not painful stimulus.® A
neonatologist was assigned to evaluate the physiologic and behavioral pain parameters and the same was done.

After identification, the recruited infant, it was ensured that the subject has completely settled with the environment. A pulse-
oximeter was connected to neonates of which the probe was placed on the foot. The neonates were then allowed to rest for five
minutes prior to procedure. After competition of procedure, the subjects were observed for 10 minutes.

All the parameters were measured before (PRE) the procedure, and was repeated during (TO)the procedure. The assessment was
also done after one minute (T1), three minutes(T3), five minutes (T5) and ten (T10) minutes of the procedure. The evaluation of the
perception includes utilizing NIPS*2 [Neonatal Infant Pain Scale] the Premature Infant Pain Profile [PIPP] scales for identifying
the variability.

RESULTS
Out of 125 participating neonates, 73 were born vaginally and 52 with caesarian section. The normal group in contrast to preterm
neonates showed minimal pain perception. The mean gestational age was 31.4 weeks (26-38) and the mean birth weight 1.541gms.
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Modes of oxygenation include CPAP, Oxygenation by hood and Ventilator. The percentages of neonates depending on different
modes of oxygenation are represented in Graph-1. Table-1 shows the descriptive statistics of birth weight for neonates.

The preterm neonates based on gestational week born, were grouped into 5 groups (Table-2) with a class interval of two starting
from 26 weeks and the maximum frequency distribution is seen in the age group 26-28 weeks. In the following table the frequency
distribution of male and female neonates also can be seen, maximum being female neonates with an age group of 26-28 weeks.

The premature infants were grouped into Group-1, PMB (Premature neonate without any known complications) and Group-2,
PMB+AB (Premature neonate with known complications). The following tables (Table-3), shows the frequency distribution of the
neonates and their percentages in correlation with gestational age group.

The lying position of the neonate observed shows 100% babies of age group 26-28 lie in supine resting position, 50% in side lying
and 50% are in supine position in age group 29-31, 12.5% in prone position and 87.5% in supine position in age group 32-34, 100%
supine in age group 35-37 weeks, 100% supine in 38-40 weeks.

The average heart rate throughout data collection period is shown in table-4. Within the group of PMB, in male neonate the average
heart rate 155 bpm whereas female neonate shows an average of 152.3bpm. In PMB+AB group, female average heart rate was 154.4
bpm, whereas in males it was reported as 160.7 bpm.

The average respiratory rate (Male-52, Female -51.41 and total 51.72) is shown in the following table andthe percentage of oxygen
saturation (Male-96.6%, Female -96.4%and total 96.5%)is shown in the following table with differences in both groups of neonates
(Table-4).

The average arousal state of the neonate on non painful stimulus including, simple touch, pressure and temperature is recorded
highest as deep sleep(72%).

The status of the preterm neonate with the instrument connected during the intervention as per gestational age group is as follows.
(Graph: 2)

The total average pain score taken at different intervals is as follows (table-5). The mean pain score iswhich is considered as
moderate as per PIPP table. The standard deviation is 3.517. The descriptive statistics for the total pain score is given in table-5.
The likelihood dispersal of pain is typical.

The averages of hemodynamic changes recorded during the painful stimulus shows the following features such as in Heart rate,
Respiratory rate and Breathing pattern (Table- 6.1, 6.2, 6.3). The changes which can’t be recorded are not mentioned in the table
for calculation.The average alert state score is 1.84for the babies during the intervention.

DISCUSSION

When it comes to the scenario of recording or measuring of pain, most of the researchers and clinicians had depended the responses
of behavioral and physiological aspects which were considered as alternative measures for pain.'® Preterm infants are known to
show a small magnitude behavioral and physiological responses to acutely painful stimuli, especially when they at younger
gestational ages.**'® In addition, preterm infants at earlier gestational ages may display different pain behaviors from those born
at later gestational ages’; therefore, these behaviors may not be captured by pain scales based on pain cues observed in full-term
infants. These complexities concluded to recommend a most reliable pain scales for preterm infants must be associated with
developmentally pertinent pain indicators®®,

To evaluate the pain processing pattern in preterm neonates at NICU, and to study the hemodynamic changes in response to painful
and tactile stimuli, the following study is compared with similar studies which were comprehended by Beatriz Oliveira Valeri et
al.’® Out of the Six studies which we referred, investigated differences in clinical pain responses during the neonatal phase in
different genders of the neonates, four studies found no significant sex differences.?-?> Only two studies found differences between
male and female preterm newborns showing more pronounced pain responses in males than in females.?%24

In a cross-sectional study, Bartocci et al.,?® found sex differences in infants during a painful venipuncture procedure for blood
collection. The male preterm infants had shown a greater response over female preterm neonates born at 28—-36 weeks of gestational
age. Males expressed a significant increase in bilateral cortical activation compared with females, and they exhibited a left
hemisphere dominance.
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In a cross-over study, Holsti et al.,* compared two groups of preterm infants with different gestational ages (<30 weeks vs. >30
weeks; gestational age, 24-32 weeks) during sessions of painful (i.e., heel lance) and stressful (i.e., clustered care) procedures.
Data collection was done at two levels, clustered care after rest and clustered care after pain. Male neonates exhibited sustained
behavioral responses to stress cues into the recovery phase of the clustered care after pain (i.e., the heel lance procedure) which
was assessed by the Newborn Individualized Developmental Care and Assessment Program (NIDCAP). Our study has shown that
the pain perceptions in preterm neonates of male and female categories are not statistically different.

The present study correlated with the following study by Gibbins et al.,? less mature showed fewer changes in total facial activity
responses from baseline when the blood collection procedure was done. Infants in the early premature group had lower value of
oxygen saturation levels. When these researchers had done a comparison of mean oxygen saturation and heart rate differences
between baseline value and lance phase values, the 28-31 weeks of gestational age group exhibited the greatest changes which in
line with the present study.

Results of the studies of experimental pain showed that the pain threshold is varied according to the gestational age at birth. This
also affects the sensitivity to pain in the teenage period. It was shown an association between a lower gestational and lower pain
thresholds and higher pain sensitivity. The longitudinal studies of Goffaux et al., and Hermann et al., demonstrated?>?® that
gestational age is an important factor in physiological pain responses during pain experiences later in childhood. In case of thermal
perceptual sensitization, the premature children exhibited higher scores of pain threshold assessments when compared to full-term
children. Preterm children at 11 years of age were more sensitive to the identification of thermal changes than full-term children.?’”
These results highlight the importance of not only comparing children born preterm and full-term but also examining gestational
age.

CONCLUSIONS

The pain perception according to the recorded score is moderate in the premature neonates and the perception score is comparatively
high in preterm neonates with known abnormalities. The pain perception did not show any statistical difference in male and female
preterm neonates. The infants born at 29-31 weeks of gestational age group showed greatest changes in the hemodynamic patterns
during exteroceptive painful stimulation. The lowest gestational age group of preterm neonates showed high state of alertness during
stimulation.

Tables and Graphs
Table-1: Descriptive statistics of birth weight for neonates.

Table-3: Present wt (in gms/kgs)
Mean 1.541
Standard Error 0.121697
Median 1.5
Mode 0.85
Standard Deviation 0.608483
Sample Variance 0.370252
Kurtosis -1.2655
Skewness 0.146925
Range 1.94
Minimum 0.66
Maximum 2.6
Sum 38.525
Count 125
Largest(1) 2.6
Smallest(1) 0.66
Confidence Level(95.0%) | 0.25117
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Table-2: Frequency distribution of gestational week and sex of the neonate

Table-2: Frequency distribution of gestational
week and sex of the neonate
Age
Sr No Group Female Male Total
1 26-28 19 16 35
2 29-31 8 4 12
3 32-34 14 14 28
4 35-37 13 16 29
5 38-40 10 11 21
Total 61 64 125
Table-3 Frequency distribution of preterm neonates
Table-3:Frequency distribution of two
groups of preterm neonates
Age Group PMB | PMB+AB Total
26-28 16 19 35
29-31 7 5 12
32-34 15 13 28
35-37 15 14 29
38-40 11 10 21
Total 64 61 125

Table-4: Average respiratory rate, oxygen saturation and heart rate in preterm neonates in comparison

with gender
Average respiratory rate Percentage of oxygen Average heart rate

saturation

Respiratory Female Male Total Total
Rate Female Male Total Female Male Average

PMB 51.62 50.66 51.21 | 97.1% 96.5% | 96.9% 152.3 155.0 153.4
26-28 45.33 46 455 97.7% 94.0% 96.8% 144.7 176.0 152.5
29-31 48 42 45 96.0% 100.0% | 98.0% 148.0 142.0 145.0
32-34 60 58 59 96.3% 96.3% 96.3% 162.7 156.7 159.7
35-37 49 48 49 99.0% 99.0% 99.0% 148.0 148.0 148.0
38-40 42 42 42 96.0% 96.0% 96.0% 142.0 142.0 142.0
PMB +AB | 52.6 52.16 52.36 | 95.8% 96.3% | 96.1% 154.4 160.7 157.8
26-28 445 ]56.33333| 51.6 95.5% 97.7% 96.8% 147.0 161.3 155.6
29-31 48 42 45 96.0% 100.0% | 98.0% 148.0 142.0 145.0
32-34 85 42 63.5 96.0% 96.0% 96.0% 192.0 148.0 170.0
35-37 445 51 47.75 96.0% 94.5% 95.3% 143.0 166.0 154.5
38-40 42 42 42 96.0% 96.0% 96.0% 142.0 142.0 142.0
Total 52 51.41 51.72 96.6% 96.4% | 96.5% 153.1 157.8 155.4
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Table-5. Descriptive Statistics for Pain Score

Table-5. Descriptive Statistics for
Pain Score
Mean 8.04
Standard Error 0.703515
Median 9
Mode 12
Standard Deviation 3.517575
Sample Variance 12.37333
Kurtosis -0.69022
Skewness -0.46684
Range 13
Minimum 1
Maximum 14
Sum 201
Count 125
Largest(1) 14
Smallest(1) 1
Confidence Level(95.0%) 1.451984

Table-6: The averages of hemodynamic changes recorded during the painful stimulus shows the Heart
rate, Respiratory rate and Breathing pattern

Maximal heart Maximal oxygen
rate Breathing status saturation

PMB 0.5 0.5 0.16
26-28 0.25 1.00 0.10
29-31 1.50 0.50 0.14
32-34 0.33 0.64 0.17
35-37 1.20 0.52 0.16
38-40 0.40 1.00 0.14
PMB +AB 1 0.33 0.37
26-28 1.20 0.24 0.32
29-31 1.20 0.33 0.54
32-34 1.00 0.35 0.36
35-37 1.20 0.34 0.35
38-40 1.04 0.35 0.37
Total 0.7 0.4 0.25
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Table-7: Average pain score for different age groups

Table-12: Average pain score for different age
groups
PMB PMB+ AB
Age
group Female Male Total Female Male Total
26-28 9.0 8.0 8.5 115 11.0 10.1
29-31 10.0 11.0 10.5 11.0 10.7 10.5
32-34 8.3 9.0 8.5 12.0 4.0 8.5
35-37 3.0 3.3 3.2 5.0 1.5 3.2
38-40 5.1 5.0 5.0 5.0 5.1 5.0
Total 8.1 8.5 8.0 9.0 6.7 8.0
Graph:1: Modes of Oxygenation
Modes of Oxygenation
100.0% 1
90.0% 1~
80.0% 7
o 700% 1T
g 600% 4 ™ 26-28
S 500% 47
L 40.0% 4 ™ 29-31
& 300% J w32-34
20.0% J m 35-37
10.0%
0.0% + . ® 38-40
cPap 02 8Y HOOD room air Ventilator Ventilator -
>CPAP
Oxygenation
Graph:2 — Instruments connected to the neonate
Instruments connected to the neonate
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