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Abstract: Background: Hypoxic-ischemic encephalopathy (HIE)
remains a significant contributor to neonatal mortality and long-term
neurodevelopmental impairment. While standard supportive care is
established, adjuvant neuroprotective strategies are under continuous
investigation. Preliminary studies suggest that melatonin, due to its
antioxidant and anti-inflammatory properties, may enhance
neurological outcomes when combined with standard care. Aims &
Objectives: This randomized controlled trial aimed to compare
clinical outcomes and therapeutic efficacy in term neonates with HIE
receiving either melatonin as an adjunct to standard care or standard
care alone. Methodology: This six-month trial was conducted at the
Department of Pediatric Medicine, SZABMU, PIMS, Islamabad. A
total of 116 term neonates of either gender were enrolled within 12
hours of birth. Inclusion criteria required an Apgar score <3 at five
minutes, a need for positive pressure ventilation at delivery, and
clinical evidence of encephalopathy. Participants were randomized
into two equal groups. Group A (intervention) received oral melatonin
at 10 mg/day via nasogastric tube for five days alongside stage-based
standard care. Group B (control) received identical standard care
without melatonin. Clinical status and encephalopathy severity were
monitored daily for ten days using Thompson scoring and HIE
grading. Results & Findings: Baseline demographic and clinical
characteristics including mean gestational age (Group A: 38.5 + 1.8
weeks; Group B: 37.7 = 1.1 weeks; P=0.104), birth weight, Apgar
scores, and initial HIE grade distribution were statistically comparable
between groups (P>0.05). While early Thompson scores did not differ
significantly, by day seven the mean score was markedly lower in the
melatonin group (4.4 + 3.1 vs. 7.8 £ 3.9; P<0.001). Treatment efficacy,
defined as improvement in HIE grade from baseline, was significantly
higher in Group A (82.1%) compared to Group B (51.7%; P=0.001).
Furthermore, seven-day mortality was substantially reduced in the
intervention cohort (15.5%) relative to the control cohort (37.9%;
P=0.001). Conclusion: Adjunctive melatonin therapy significantly
improves short-term clinical outcomes and reduces early mortality in
term neonates with hypoxic-ischemic encephalopathy compared to
standard care alone. These findings support the consideration of
melatonin as an effective, low-cost neuroprotective adjunct in this
vulnerable population.

Keywords: Hypoxic-ischemic encephalopathy, Melatonin, Neonatal
encephalopathy, Randomized controlled trial, Neuroprotection.
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INTRODUCTION

Neonatal encephalopathy (NE) is a heterogeneous
syndrome characterized by signs of central nervous
system dysfunction in newborns. According to the
American College of Obstetricians and Gynecologists
(ACOG), NE is defined as a clinically evident
syndrome of disturbed neurological function
occurring in the first days of life in an infant born at or
beyond 35 weeks of gestation, manifesting as a
subnormal level of consciousness or seizures, often
accompanied by difficulty in initiating and
maintaining respiration, as well as depression of tone
and reflexes [1]. Hypoxic-ischemic encephalopathy
(HIE) is reported to have a high incidence in
developing countries, although precise figures are
lacking [2]. Global estimates of asphyxia-related
neonatal deaths range from 0.7 to 1.2 million
annually, with a comparable number of children
surviving with long-term neurological sequelae [2].
Severe HIE is associated with a mortality rate of 25—
50% [3]. Most deaths occur in the first days after birth
due to multiple organ failure or following redirection
of care to comfort measures in light of a grim
prognosis [3]. Up to 80% of infants who survive severe
HIE develop serious complications, and 10-20%
experience moderately severe disability [4]. Data from
Pakistan indicate that HIE is one of the leading causes
of admission to neonatal units [5]. A recent study
conducted in Pakistan reported a frequency of HIE of
25% among newborns delivered at Liaquat University
Hospital (LUH), Hyderabad, between January and
December 2009 [6]. Given that HIE is associated with
morbidity involving the nervous system and
subsequent cerebral palsy, preserving brain function
contributes to reduced morbidity and associated
healthcare costs [7]. Regardless of the underlying
cause, prolonged hypoxia ultimately leads to cardiac
and vascular compromise, resulting in hypotension,
ischemia, and anaerobic metabolism with subsequent
lactic acidosis [8]. The causes of fetal HIE may be
maternal (impaired oxygenation or inadequate
perfusion of the maternal placenta), placental
(abruptio placentae, tight nuchal cord, cord prolapse,
true knot, or uterine rupture), or fetal (impaired fetal
oxygenation or perfusion) [8].

General supportive management should be conducted
in a neonatal intensive care unit (NICU) and includes
maintaining physiological homeostasis and treating
the outward manifestations of brain injury [9]. Key
aspects of supportive care involve: ensuring adequate
ventilation (avoiding hypoxemia or hyperoxia);
maintaining sufficient brain and organ perfusion
(avoiding systemic hypotension or hypertension, and
hyper viscosity); preserving normal metabolic status
(e.g., normoglycaemia, appropriate nutrition, normal

pH); and controlling seizures and brain edema
(avoiding fluid overload) [9]. Beyond general
supportive measures, therapeutic hypothermia —
maintained at 33-35°C (91.4-95.0°F) for 72 hours and
initiated within the first six hours after delivery —
remains the only proven neuroprotective therapy for
moderate to severe neonatal encephalopathy [10].
Reactive oxygen species play a critical role in the
pathogenesis of perinatal diseases [11]. Several
authors have suggested that synergic strategies
combining standard care with melatonin treatment
may be promising in enhancing antioxidant action
[12,13]. Melatonin is a potential therapeutic free
radical scavenger and broad-spectrum antioxidant
that readily diffuses through biological membranes
[14]. In a study conducted on the local population,
Ahmad et al. investigated the effect of melatonin as
adjunctive therapy on the outcome of hospitalized
newborns presenting with HIE [15]. They enrolled
newborns with a gestational age >34 weeks who met
the definition of HIE and presented within 12 hours
of birth. The severity of HIE was assessed using the
Thompson score. Subjects were randomized into a
standard treatment group and an intervention group,
the latter receiving 10 mg of melatonin orally via a
nasogastric tube at admission. Newborns were
followed for 28 days to evaluate the effect of
melatonin on survival rate. The authors reported
survival in 35 (87%) subjects in the intervention group
versus 26 (65%) in the standard treatment group
(p=0.03) [15]. In another study, Aly et al. examined
the effect of melatonin on clinical, biochemical,
neurophysiological and radiological outcomes in
neonates with HIE [16]. They conducted a
prospective trial involving 45 newborns — 30 with HIE
and 15 healthy controls. Infants with HIE were
randomized into a standard treatment group (n=15,
receiving standard care) and a melatonin/standard
care group (n=15, receiving standard care plus five
daily enteral doses of melatonin 10 mg/kg). Their
results demonstrated that adding melatonin to
standard care in infants with moderate to severe HIE
was effective in reducing oxidative stress and
improving survival, with favorable
neurodevelopmental outcomes at six months of age
[16].

In routine clinical practice, we encounter a significant
proportion of neonates with HIE. The standard of care
for these neonates comprises maintenance of adequate
ventilation (avoidance of hypoxaemia or hyperoxia),
sufficient brain and organ perfusion (avoidance of
systemic  hypotension or hypertension, and
hyperviscosity), normal metabolic status (e.g.,
normoglycaemia, nutritional status, pH), and control
of seizures and brain edema (avoidance of fluid
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overload) [9]. Reactive oxygen species are central to
the pathogenesis of perinatal diseases [11], and several
authors have proposed that combining standard care
with melatonin may enhance antioxidant effects
[12,13]. Melatonin’s properties as a free radical
scavenger, broad-spectrum antioxidant, and ability to
easily cross biological membranes make it a promising
molecule in HIE management [14]. Although
multiple studies have reported its efficacy and clinical
benefits [15,16], data from the local population
remain scarce. The present study is designed to
determine the efficacy of melatonin plus standard care
versus standard care alone in the management of
neonates with HIE. If adjunctive melatonin therapy
proves superior to standard care alone, it will
subsequently be incorporated into routine clinical
practice for these children. Moreover, the use of
melatonin represents a low-cost primary preventive
intervention that may help reduce the expensive
treatment costs associated with the high morbidity of
HIE.

The primary objective of the study is to compare the
outcome of melatonin plus standard care and standard
care alone for the management of hypoxic ischemic
encephalopathy among newborns.

METHODOLOGY

This randomized controlled trial (RCT) will be
conducted in the Department of Pediatrics, Children
Hospital, Pakistan Institute of Medical Sciences
(PIMS), Islamabad, over a duration of six months
following approval of the synopsis. Sample size was
calculated using the WHO sample size calculator
(version 2.2b) with a level of significance of 5%, power
of test of 80%, anticipated population proportion in
the intervention group (melatonin plus standard care)
of 87% [14], and anticipated population proportion in
the control group (standard care alone) of 65% [14],
yielding a calculated sample size of 58 patients per
group, for a total of 116 patients. Non-probability
consecutive sampling will be employed.

Sample Selection

Inclusion criteria comprise all newborns within 12
hours of birth (only full-term babies) meeting any of
the following: Apgar score <3 at birth and/or need for
positive pressure ventilation (PPV) at birth within 12
hours of birth; and/or acidosis with bicarbonate
concentration <12 mmol/L on initial blood gas
analysis; and/or evidence of encephalopathy, such as
seizures, lethargy, abnormal reflexes, or hypotonia in
the immediate neonatal period. Exclusion criteria are
age >12 hours, preterm babies (<37 weeks’ gestation),
twin gestations, history or examination suggestive of
inborn  errors  of  metabolism,  congenital
malformations with cardiorespiratory compromise,
chromosomal abnormalities, or parental refusal to

participate in the study.

Data Collection Procedure

Approval for the study will be obtained from the
hospital ethical review committee. All newborns
admitted to the neonatal intensive care unit (NICU)
will be assessed by a study physician or neonatologist
for fulfilment of the inclusion criteria. Written
informed consent will be obtained from a parent or
legal guardian prior to enrolment. Neonates
diagnosed with HIE (as defined above) will be
enrolled and randomly allocated to one of two
treatment groups using computer-generated random
numbers. Group A (intervention group) will receive
oral melatonin at a dose of 10 mg/day administered
via nasogastric (NG) tube as a single daily dose for five
days. Group B (control group) will not receive
melatonin. Both groups will receive standard
treatment according to the stage of HIE (as defined in
the operational definitions). Clinical effects will be
monitored daily for 10 days using the Thompson
score. A consultant neonatologist will calculate the
Thompson score at admission, 24 hours, day 3, and
day 7 using a pre-designed proforma for both groups.
The primary outcome is improvement in HIE severity
(change in HIE grade on the Thompson scoring
system, Annexure B) from baseline. All data will be
recorded on the predesigned preforma (Annexure A)
by the researcher to ensure protocol compliance.

Severity of HIE

Severity of hypoxic-ischaemic encephalopathy (HIE)
will be assessed using the Thompson scoring system
(Annexure B), which has a maximum score of 22.
Severity is defined as grade I (mild) for a score of 1-
10, grade II (moderate) for a score of 11-14, and grade
IIT (severe) for a score of 15-22. A consultant
neonatologist will estimate the Thompson score at
baseline, 24 hours, 3 days, and 7 days after initiation
of therapy.

Efficacy

Efficacy of therapy will be assessed primarily as
improvement in HIE grade on the Thompson scoring
system (Annexure B) from baseline to day 7 after the
start of therapy, and this constitutes the primary
outcome measure.

Data Analysis Procedure

Data will be entered into SPSS software (version 22).
Quantitative variables — including age, gestational
age, birth weight, and Thompson scores — will be
expressed as mean = standard deviation (SD).
Frequencies and percentages will be calculated for
gender, HIE grades, and efficacy. Efficacy will be
compared between the two groups using the
chi-square test. An independent sample t-test will be
applied to compare Thompson scores between groups.
A p-value <0.05 will be considered statistically
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significant. Effect modifiers such as gender, age,
gestational age, birth weight, and baseline HIE grades
will be controlled by stratification. Following
stratification, the chi-square test will be applied, and a
p-value <0.05 will be considered significant

RESULTS & FINDINGS

In the present trial, a total of one hundred and sixteen neonates (n=116) of either gender, within 12 hours of birth
and fulfilling the inclusion criteria, were enrolled. Patients were randomly divided into two groups. The primary
outcome was improvement in severity, defined as improvement in HIE grade on the Thompson scoring system from
baseline. In Group A, 62.1% (n=36/58) were males and 37.9% (n=22/58) were females, whereas in Group B, 48.3%
(n=28/58) were males and 51.7% (n=30/58) were females, with no statistically significant difference between groups
(p=0.135, Table 1). The mean age of Group A patients was 5.71 hours (+1.31 SD) and that of Group B patients was
5.51 hours (£1.2 SD) (p=0.393, Table 2). Mean gestational age was 38.5 weeks (+1.8 SD) in Group A and 37.7 weeks
(£1.1 SD) in Group B (p=0.104, Table 2). Mean birth weight was 2.97 kg (£0.42 SD) in Group A and 2.91 kg (£0.40
SD) in Group B (p=0.473, Table 2). The mean Apgar score was 2.83 (+0.38 SD) in Group A and 2.86 (+0.35 SD) in
Group B (p=0.612, Table 2).
Table 1: Gender distribution in both groups

GROUP
GENDER GROUP A GROUP B TOTAL
36 28 64
MALES
62.1% 48.3% 55.2%
22 30 52
FEMALES
37.9% 51.7% 44.8%

Figure 2: Gender distribution in both groups

100 Gender Percentage by Group

Males
W Females

51.7%

48.3%

Percentage (%)

40 - 37.5%

Group A Group B
Table 3: Mean age, gestational age, birth weight and APGAR score in study groups

\ 2938 ©2026 European Journal of Clinical Pharmacy; All Rights Reserved




How to Cite: Asma, T., Yasmen, T., Azhar, M., llyas, K., Khan, H., & Riaz, S. (n.d.). Comparison of melatonin
as an add-on therapy to standard care and standard care alone in the management of hypoxic ischaemic
encephalopathy in newborns. European Journal of Clinical Pharmacy. 2026. 8(1) 2935-2943

VARIABLES GROUPS Mean Std. Dev P-value t-test

AGE GROUP A 5.71 1.31 0.393

(HOURS) GROUP B 5.51 1.29 ’

GESTATIONAL GROUP A 38.5 1.8

AGE 0.104

(Weeks) GROUP B 37.7 1.1

BIRTH GROUP A 2.97 0.42

WEIGHT 0.473
GROUP B 291 0.40

(Kg)

APGAR GROUP A 2.83 0.38 0.612

SCORE GROUP B 2.86 0.35 '

Other baseline clinical characteristics were also similar between the two groups (p>0.05, Table 3). Regarding the
severity of HIE at baseline, in Group A, 1.7% (n=1/58) of neonates demonstrated grade I, 37.9% (n=22/58) grade
II, and 60.3% (n=35/58) grade III HIE. In Group B, the corresponding percentages were 5.2% (n=3/58), 46.6%
(n=27/58), and 48.3% (n=28/58), respectively. No statistically significant difference was observed in the distribution
of HIE grades between the two groups (p=0.319, Table 4).

Table 4: Clinical characteristics at baseline

GROUP P-VALUE
VARIABLES GROUPA  GrouPB  TOTAL  CHiSQUARE
53 49 102
TS PRESENT 91.4% 84.5% 87.9% 0254
5 9 14 :
ABSENT 8.6% 15.5% 12.1%
47 51 98
PRESENT . . :
ACIDOSIS ?1‘0/" 5737'9/" ?;1.5 o 0.305
ABSENT 19.0% 12.1% 15.5%
43 45 88
PRESENT . . :
ENTILATED 74.1% 77.6% 75.9% 0664
ABSENT 15 13 28
25.9% 22.4% 24.1%

Figure 2: Clinical characteristics at baseline

Comparison of Clinical Indicators between Group A and Group B

Ventilated p = 0.664
Acidosis p = 0.305
A%
Fits p=0.254
- Group A
. Group B
0 20 a0 60 80 100 120

Percentage (%)
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Table 5: Baseline HI grades in both groups

GROUP
BASELINE
I EGRADES GROUP A GROUP B TOTAL
n(%) n(%)
GRADE I 1 (1.7%) 3(5.2%) 4 (3.4%)
GRADE II 22 (37.9%) 27 (46.6%) 49 (42.2%)
GRADE IIT 35 (60.3% 28 (48.3%) 63 (54.3%)

At baseline, mean Thompson scores were comparable between Group A (melatonin plus standard care) and Group
B (standard care alone), with no statistically significant difference observed (p>0.05). Similarly, at 24 hours (p=0.896)
and day 3 (p=0.242), the mean Thompson scores remained statistically indistinguishable between the two groups.
However, by day 7, a marked and statistically significant divergence emerged: the mean Thompson score in Group
A was 4.4 (3.1 SD), which was substantially lower than that in Group B, which measured 7.8 (3.9 SD), yielding
a p-value of 0.001 (Table 5). This indicates a superior neuroprotective effect of the melatonin-containing regimen
over standard care alone by the end of the first week. The efficacy of treatment, defined as improvement in HIE grade
from baseline, was observed in 82.1% (n=48/58) of patients in Group A, compared to only 51.7% (n=30/58) in
Group B, and this difference was highly significant (p=0.001, Table 6). These findings demonstrate that the addition
of melatonin to standard care significantly enhances clinical recovery in terms of HIE severity. Regarding mortality,
the proportion of neonates who expired within the first seven days was 15.5% (n=9/58) in Group A, which was less
than half the mortality rate observed in Group B, where 37.9% (n=22/58) of patients expired. This difference was
also statistically significant (p=0.001, Table 7). Collectively, these results indicate that melatonin as an adjunct to
standard care not only improves neurological outcomes but also substantially reduces early mortality in neonates
with moderate to severe HIE.

Table 6: Mean Thompson score at baseline and at different time intervals
THOMPSON

SCORE GROUPS Mean Std. Dev P-value t-test
s RO T
caos T
oo e B
caour N Yt

Table 7: Improvement in HIE grades

IMPROVEMENT IN Hi GROUP P-VALUE
GRADES TOTAL CHI-
GROUP A GROUP B SQUARE
PRESENT 48 30 78
82.8% 51.7% 67.2%
Y s a8 <0.001
ABSENT
17.2% 48.3% 32.8%
DISCUSSION

Giant congenital melanocytic nevi (GCMN) represent
Hypoxic-ischemic encephalopathy (HIE) arises from
inadequate antioxidant defence in the brain, with free
radical formation representing one of the most
important contributing factors to brain injury [17]. It
has been hypothesized that excessive free radical
production may diminish the synthesis of

neurotrophic factors, thereby directly influencing
neurogenesis [18]. Melatonin may serve as a potential
therapeutic free radical scavenger and a
broad-spectrum antioxidant [19,20]. The present
study was designed to determine the efficacy of
melatonin in the management of neonates with HIE.
In this trial, the mean Thompson score demonstrated
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a significant decline in Group A (melatonin plus
standard care) compared to Group B (standard care
alone) at seven days of therapy (4.4%3.1 versus
7.843.9; p=0.001). The efficacy of treatment, defined
as improvement in HIE grade from baseline, was
observed in 82.1% (n=48/58) of patients in Group A
versus 51.7% (m=30/58) in Group B (p=0.001).
Furthermore, our results showed better survival in the
adjunctive melatonin group: 15.5% (n=9/58) of
neonates expired within seven days in Group A
compared to 37.9% (n=22/58) in Group B (p=0.001).
Comparable findings have been reported in several
other studies [21,22,23]. An initial observation
indicated that in asphyxiated newborns with HIE, oral
administration of melatonin (80 mg in eight doses)
reduced serum malondialdehyde and nitrite/nitrate
concentrations and improved survival [21].

Subsequent reports from the same group of
investigators indicated that in preterm infants with
respiratory distress, treatment with a high dose (100
mg/kg in ten infusions) improved outcome [22]. In a
randomized trial involving 30 HIE newborns treated
with 50 mg of melatonin as five daily enteral doses,
the melatonin/hypothermia group exhibited a greater
increase in melatonin levels, a decline in circulating
oxidants, fewer seizures, and less white matter injury
[23]. Moreover, a study by Ahmad et al. (2018)
demonstrated improved survival in asphyxiated
neonates [24], a finding that is consistent with the
improved survival observed in Group A of the present
study. Regarding the melatonin dose employed, the
high peak plasma concentration and long half-life of
melatonin in newborns indicate that, in the neonatal
clinical setting, it is possible to achieve and maintain
high concentrations of melatonin using a single
administration repeated every 12 or 24 hours [25]. A
remarkable number of melatonin effects strongly
suggest that it has important therapeutic implications
in the management of HIE. Its strong safety profile,
ability to cross the blood-brain barrier, and diverse
pleiotropic properties have led to a large number of
preclinical  animal  studies  supporting  its
neuroprotective efficacy in reducing brain injury
[26,27]. Whilst the preclinical data are compelling,
clinical studies in infants with neonatal
encephalopathy (NE) remain limited. Ahmed et al., in
their meta-analysis, described the available clinical
evidence for melatonin as a potential therapy for NE
[28]. They analyzed five randomized controlled trials
comprising 215 neonates and found that long-term
developmental outcome data were lacking in all
except one small study, which reported significantly
higher composite cognition scores at 18 months. One
study reported intermediate favorable development at
six-month follow-up. A meta-analysis of mortality in
the combined hypothermia plus melatonin group
versus hypothermia alone (two studies, 54
participants) demonstrated no significant reduction,

with a relative risk (RR) of 0.42 (95% CI, 0.99-1.12)
[28]. The authors concluded that the clinical data
supporting the neuroprotective effects of melatonin in
neonates are limited, and that larger, well-designed,
adequately powered multicenter clinical trials are
urgently needed to define the neuroprotective role of
melatonin in optimizing outcomes of NE [28].

The present study utilized the Thompson score to
predict neonatal improvement following hypoxic
insult. The Thompson score comprises clinical
parameters with an average score range of 0-3,
providing high predictability for improvement or
deterioration in HIE grades. Shrestha et al. employed
this score in a previous study [29]. In another study,
Aoki et al. compared the Sarnat and Thompson scores
for predicting short-term outcomes in infants with
mild NE, demonstrating that although the Sarnat
score is most widely used to assess NE, the Thompson
score at admission is a more useful predictor of
short-term outcome in infants with mild NE [30]. The
results of the present study, together with several other
studies cited in the literature, demonstrate that
hypoxic-ischemic insult leads to devastating
neurological consequences. The advantages of
melatonin its efficacy, low toxicity, and ability to
readily cross the blood-brain barrier make it a
promising molecule. However, studies focusing on the
neuroprotective potential of melatonin and its possible
therapeutic application after perinatal asphyxia in
humans remain scarce, and its potential therapeutic
role in humans needs to be validated in randomized
trials. A major strength of the current study is its
randomized controlled design with stringent
enrolment criteria. Nevertheless, the present study has
several limitations. First, we did not perform serum
melatonin analysis as a baseline measurement of
endogenous  melatonin  production.  Second,
superoxide dismutase activity was not measured to
detect baseline oxidative stress with and without HIE,
nor to examine the effect of melatonin on oxidative
stress. Third, we did not measure serum nitric oxide
to assess free radical concentration. Fourth, we did
not follow up our study participants for a longer
duration to evaluate neurological development.
Finally, as we assessed a single dose of melatonin, we
are unable to comment on the dose-dependent nature
of the neuroprotective action of melatonin, as
suggested by some studies [25,26].

CONCLUSION

The efficacy of treatment, defined as improvement in
HIE grade, was significantly better in patients treated
with melatonin plus standard care compared to those
treated with standard care alone. Furthermore, a
significantly lower number of neonates expired in the
adjunctive melatonin therapy group than in the
standard care alone group. These findings support the
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use of melatonin as an effective adjunctive therapy in
the management of moderate to severe HIE.
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