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CLINICAL STUDY

Circadian pain assessment in neonates from a nurse’s perspective
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ABSTRACT

OBJECTIVES: Circadian rhythms modulate the activity of pain pathways. But there appears to be a lack of un-
derstanding of how the perception of pain varies in neonates during the day. To assess circadian variations in
pain perception we analyzed intensities of pain at 3 h intervals in neonates (within 24 hours). We also followed
up the nursing interventions practiced for pain reduction and their effectivity within a day.

METHODS: We have analyzed the clinical observations of pain in 16 neonates during 62 days of hospitalization
(with Mean = 3.87, Min = 1, Max = 19). The pain was assessed by a modification of the Comfort scale supple-
mented with Wong-Baker scale. Procedure used for acute pain elimination was administration of 24% sucrose
to the neonates. This procedure was centralized and performed in an incubator or neonatal bed.

RESULTS: We confirmed statistically significant difference in pain scores in our group of neonates at 10:00
am, 4:00 pm, 4:00 am as compared to 10:00 pm (p values being 0.02603; 0.02885, 0.01673). The pain score
was highest at 10:00 pm (Mean = 18.86, Max = 34) and at 1:00 am (Mean = 18.89, Max = 33). There was no
significant difference in the pain score at 10:00 pm and 1:00 am (p = 0.2951).

CONCLUSION: The results of our studies provided further evidence of circadian rhythm in the pain scores in
neonates. A better understanding of circadian control of pain in neonates can help promote a more frequent
use of time-contingent pain treatment strategies to help improve neonates care (Tab. 1, Fig. 2, Ref. 28). Text
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Introduction

Up until the late 1980s, it was widely considered among clini-
cians that neonates cannot perceive pain due to the belief that they
were undeveloped (1). The understanding of pathophysiological
mechanisms of pain in the neonate has achieved significant prog-
ress. At present we know that neonates react to noxious stimuli,
experience stress and display stereotypical pain-induced responses.
Acreview (2) on the neonatal pain management confirms that skin
receptors and sensory nerves around the mouth appear as early
as the 7 week of gestation. The fetal hormonal stress response
can be observed at 18 weeks of gestation (3). From 20 weeks,
the cortex and thalamus-cortex connections are present (4). By
23-25 weeks, free nerve endings and spinal cord projections are
fully mature (5) but specific areas of pain appear active from 35
to 37 weeks of pregnancy (6).

Neonates are more sensitive to pain than older infants, children,
and adults (7), and this hypersensitivity is further exacerbated in
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preterm neonates (8). Descending pathways that inhibit incoming
pain impulses do not mature until the last trimester, which increases
the preterm infant’s sensitivity to pain (9).

The prevention of pain in neonates should be the goal of all
health professionals. Repetitive, prolonged, and poorly treated
pain in the neonatal period has the potential for deleterious conse-
quences and it can cause permanent neuroanatomical and behav-
ioral abnormalities (7, 10-12). Pain can induce anxiety, increased
sensitivity to future pain, decreased effectiveness of analgesics and
consequently increased analgesic requirements (13-15). In future,
the child may try to avoid going through the medical procedure
because of pain expectations.

During hospitalization in a neonatal intensive care unit (NICU),
neonates experience up to 14 painful procedures per day. More-
over, neonates who underwent a surgery for severe malforma-
tions or inflammatory complications need effective management
of postsurgical pain (16, 17). There still appears to be a lack of
understanding of how neonates perceive pain and the resulting
adverse sequelae of untreated pain in neonates (12). Moreover,
circadian rhythms modulate activity and function of peripheral and
central neurons of the pain pathways. Knowledge regarding the
establishment of infant circadian rhythms postnatally is not well
recognized. To assess circadian variations in pain perception we
analyzed intensities of pain at 3 h intervals in neonates (within 24
hours). We also followed up the nursing interventions practiced
for pain reduction and their effectivity within a day.
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Patients and methods

This study was conducted in the NICU. The study group con-
sisted of neonates after surgery and neonates after therapeutic hy-
pothermia for asphyxia. We analyzed clinical observations in 16
hospitalized neonates. Their pain was pharmacologically attenu-
ated by the physician‘s order. The total length of hospitalization
of the 16 neonates was 62 days, an average of 3.87 days, Min =
1.0, Max = 19.0, Median = 3.0, Modus = 1.0.

The incidence of pain in neonates was evaluated 8 times a
day at regular 3 hour intervals. The pain score in neonates was in
the standard, the variance of score values 7-19. The score 20-40
requires pharmacotherapy by the doctor.

We identified the critical times, which showed significant in-
crease in the pain score of the neonate.

We used a modified Comfort scale, which is designed to as-
sess comfort and postsurgical pain in non-intubated and artificially
ventilated children. This method has also been validated for use in
premature neonates. We supplemented the method with the \Wong-
Baker scale. The information value of the scale is not absolute,
because some changes on the face may also occur in situations,
that are not caused by pain (13, 18).

In the study, we also used procedures from the guidelines for
nursing interventions to eliminate pain in neonatal patients (13,
18, 19). We applied combination of painful procedures, and pain
elimination techniques: minimal interruption of the neonate, in-
tervention in the incubator or neonatal bed, administration of 24
% concentration of sucrose to the tongue.

Statistical analysis: Student’s t-test was used for analyzing
statistical differences.

Study limitations: We could not include a control sample due
to ethics issues.

Results

The highest Max pain score values were at night as seen in
Figure 1, which shows the statistical differences in the pain score
indicators. Average pain score in neonates at the different obser-
vation times is seen in Table 1. The Mean and Median scores did
not reach the critical value of 20 in the studied neonates, which is
the criterion for increasing the dose of pharmacotherapy (Tab. 1).
The pain score was lowest at 7:00 am as seen by the scores (Min
=12.00, Median = 15.50, Mean = 15.65, Max = 20.00).

Tab. 1. Average pain score in neonates at times of observation.
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Fig. 1. Statistical pain score indicators.
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Fig. 2. Pain scores in neonates at different times of observation.

Statistically, we analyzed the pain score in the neonate sample
at the time of observation (Fig. 2). From this table we can com-
pare the pain score reached at 10:00 pm with highest recorded
Max score and the scores at time intervals with a high Max value
score — 4:00 am, 10:00 am, 4:00 pm, 1:00 am.

We used the Wilcoxon—-Mann-Whitney rank sum test. At night
time at 10:00 pm and at 1:00 am, we recorded the highest pain
score in neonates. We found, that there is no statistically significant

Time for checking Pain scores

the scores Min. 1 st Qu. Median Mean 3rd Qu. Max.
AM 01:00 14.00 15.00 18.00 18.89 21.00 33.00
AM 04:00 12.00 14.75 17.00 17.07 18.25 31.00
AM 07:00 12.00 14.75 15.50 15.65 17.00 20.00
AM 10:00 12.00 14.00 16.00 16.54 19.00 26.00
PM 01:00 13.00 15.00 16.00 16.71 18.25 24.00
PM 04:00 11.00 14.75 17.00 17.18 19.00 26.00
PM 07:00 12.00 14.75 16.00 16.21 18.00 21.00
PM 10:00 13.00 15.00 18.00 18.86 20.25 34.00
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difference in pain score averages at 10:00 pm and at 1:00 am, p =
0.2951. We compared pain scores in neonates at 10:00 am, 4:00
pm, 4:00 am and 10:00 pm. We found, that there is a statistically
significant difference in pain score averages at 10:00 am and at
10:00 pm, p =0.02603, there is a statistically significant difference
in pain score averages at 4 PM and at 10:00 pm, p value = 0.02885,
there is a statistically significant difference in pain score averages
at 4:00 am and 10:00 pm, p value = 0.01673. We reject the hy-
pothesis, that the pain score averages are the same at the observed
intervals. Pain intensity in neonates is statistically significantly
lower at 10:00 am, 4:00 pm and 4:00 am compared to 10:00 pm.

Discussion

In the present study we show significant differences in the
intensity of neonatal pain at the observed intervals, valid for the
study sample. We followed the basic guidelines for assessment of
pain in children (19) which assesses the behavior of the child and
their usual expressions; pays attention to the physiological signals
that may indicate that the child feels pain; involves parents and/or
personel who care and their observation of the normal behavior of
the child and when the child is in pain the child normally behaves
when in pain; assesses pain after pain-relieving interventions have
been implemented and reassesses treatment; documents the child’s
pain assessment scores. The pain scores were evaluated using the
Comfort scale supplemented with the Wong-Baker scale (13, 18).
During painful procedures, 24 % concentration of sucrose was
administered to the tongue, which was effective. Meta-analysis
studies (2,20) have shown that doses of 0.24 g sucrose given 2
minutes before painful stimuli were effective for neonates and
provided analgesia for 5-7 minutes.

Circadian rhythm is the approximately 24-hour cycle of change
in the physiology of life. The infant is born with a weak sleep-
wake rhythm connected to the mother (21). The fetal biological
clock generates circadian rhythms in response to maternal signals
(activity, heart rate, body temperature, cortisol, melatonin), at least
from the third quarter of pregnancy.

The neonate develops the components of circadian rhythm
postnatally and the imprinting effects on the circadian rhythm
persist into adulthood (21). But knowledge regarding the establish-
ment of infant circadian rhythms is not well recognized.

Little is known about daily cycles of pain sensitivity. Endog-
enous opioids are important in modulating pain and it is suggested
that circadian fluctuations in levels of these peptides can alter pain
scores throughout the day. Circadian rhythms were also found to
modulate mechanical thresholds, with reduced sensitivity imme-
diately before the active phase relative to all other times in animal
(22). However in our group of neonates we noticed that the pain
score was lowest at 7:00 am (before active human phase) and pain
intensity in neonates was statistically significantly lower at 10:00
am, 4:00 pm and 4:00 am compared to 10:00 pm (so-called the
end of active phase). Our results are consistent with the findings
that the highest sensitivity occurs during the evening in humans
(23). But when we compare our results with studies in infants,
they are not identical because several studies reported that in-

fants in an awake state before acute pain displayed more robust
behavioral and physiological reactivity when compared to those
in quiet sleep states (9). But we observed the highest pain score
in neonates at night time (10:00 pm and at 1:00 am). It should be
taken under consideration that calculation of due date may be in-
correct for planned births and there is an individual gestational age
and intraindividual variability in maturing of organ systems (24).

Moreover, we cannot exclude that our results are distorted
by unstable ,,undeveloped“ sleep-wake cycle in neonates. We
consider the awakening of the child every 3 hours as a risk factor
that increases pain.

Although pain experiences in the neonatal period are not con-
sciously accessible to the individual, the plasticity of supraspinal
foci involved in sensory processing supports the evidence that
recurrent neonate pain alters the behavioral responses to pain in
adulthood (25). Therefore, it is important for nurses to actively as-
sess pain in neonates, to understand and score its intensity by using
pain scales and to practice validated procedures for the prevention,
reduction and assessment of pain. The first step in pain prevention
is to plan nursing activities, so that the nurse minimizes the total
number of painful procedures (2). Nursing interventions are to be
carried out softly, gentle on the baby, they must necessarily take
the shortest time and should be done in such a way that they do not
multiply the discomfort of the child and do not induce secondary
pain (15, 19, 26). Various nonpharmacological treatments of pain
that are recommended to provide neonates with are: non-nutritional
suction, breastfeeding, administration of breast milk, sweet solu-
tions, reduce illumination, skin-to-skin contact, kangaroo mother
care, music therapy, and multisensorial stimulation.

The significant limitations of pain research, such as the inabil-
ity of neonates to verbally vocalize if they are in pain can often
lead to incorrect ideas. The nature of behavioral pain indicators
can vary within each developmental stage of the neonate’s life as
well as between different gestational ages (9). An improvement
in neonate’s pain management, combined with the advances be-
ing made in sensor technology and artificial intelligence (27, 28),
provide opportunities for research and innovation.

Conclusion

We have shown that there are significant differences in the in-
tensity of neonatal pain at the observed intervals and we noticed
the critical pain period in the nighttime. In NICU it is mandatory
to provide individualized and humanized care. In this sense, nurses
are qualified professionals for the development of pain evaluation
and management protocols together with ongoing education ac-
tions. The results of our studies provided further evidence of cir-
cadian rhythm in pain scores in neonates. A deeper understanding
of circadian control of pain in neonates can help promote more
frequent use of time-contingent pain treatment strategies to help
improve neonatal care.
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