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with magnesium. It is uncertain whether magnesium therapy
has any long term effect on neurodevelopment. Material
and Methods: We randomly assigned 120 term asphyxiated
infants to receive either magnesium sulphate infusion or
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neuromotor tone abnormality at 12 months. Results: Out of
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120 infants, 69 infants had moderate-severe hypoxic-ischemic
encephalopathy (HIE) during initial NICU stay. Among 69
infants with moderate-severe HIE, 41 infant could be followed
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up. Out of 41 infants, 22 were in magnesium group and 19
in placebo group. Of 22 infants assigned to magnesium
therapy, 3(13.6%) died or survived with neurodevelopmental
disability as compared with 5 of 19 infants (26.3%) assigned
to placebo (p=0.32). The developmental outcome evaluated
found developmental delay in 3 of 22 infants in magnesium
group vs 5 of 19 infants in placebo group (p=0.32). AmeilTisonneuromotor tone assessment revealed tone abnormality
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erinatal asphyxia is an important cause of early neonatal
death and stillbirth. World Health Organization (WHO) defines
birth asphyxia as failure to initiate and sustain breathing at birth.
According to latest estimates by WHO, approximately 4 million
babies die each year before they reach the age of one month. Ninetyeight percent of these neonatal deaths take place in the developing
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countries. Perinatal asphyxia and birth injuries together
contribute to almost 29% of these deaths1.The clinical
manifestations of asphyxia have been termed as
Hypoxic Ischemic Encephalopathy (HIE). HIE is of
concern in an asphyxiated neonate because it can
lead to serious long-term neuro-motor sequelae among
survivors2,3. As of today, the management of asphyxiated
babies is mainly supportive and involves maintaining
optimum
temperature,
oxygenation,
ventilation,
perfusion, metabolic milieu and control of seizures. In
addition several newer modalities of therapy have been
under research including therapeutic hypothermia.
A large number of drugs are under investigation for
neuroprotection in HIE. These need to be used in the
early period of hypoxic ischemic injury. They act by
causing blockade of free radical generation (allopurinol,
oxypurinol), scavenging of oxidants (superoxide
dismutase, glutathione, N-acetyl cysteine and alpha
tocopherol), calcium channel blockade (flunarizine,
nimodipine), blockade of NMDA receptors (magnesium,
MK801, dextromethorphan) and blocking inflammatory
mediators (phospholipase A2, indomethcin).
In perinatal asphyxia, glutamate, which is the main
excitatory aminoacid neurotransmitter, is released in
large amount into brain extracellular compartment.
Glutamate binds to the NMDA (N- methyl D-Aspartate)
receptors causing opening of calcium channels and
influx of calcium into neuronal cells4,5. Calcium will
trigger a cascade of intracellular events mediating cell
death. Magnesium, as a naturally occurring NMDA
receptor antagonist, has been proposed as a novel
therapeutic agent to prevent glutamate excitotoxicity
and brain damage6,7,8.
Short term beneficial effect has been reported
in studies done to evaluate postnatal magnesium
therapy for perinatal asphyxia. Our own previous study
evaluated the short term neurological outcome, which
was beneficial and favoring magnesium therapy 9. The
literature is sparse in terms of long term outcome.
Aim of the present study is to evaluate the
neurological outcome at 12 months of infants treated
with magnesium for perinatal asphyxia.

Material and Methods
The present study was conducted in term neonates
with perinatal asphyxia delivered at Mother and Child
hospital attached to a tertiary care teaching medical
college in India from November 2011 to February 2012.
A minimum sample size calculation of 120 infants (60
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study group and 60 comparison group) with perinatal
asphyxia was done with the incidence of perinatal
asphyxia of 2/100 live births at our institution at a 0.05
significance level and a power of 80%.The formula used
was n=z²pq/d² where z=1.96, p=0.02, q=1-p, d=0.05.
The infants were enrolled when following inclusion
criteria were met: 1) A sentinel hypoxic event occurring
immediately before or during labour. 2) Failure to initiate
breath at birth or APGAR score < 7 at one minute.3)
Need for resuscitation at birth (positive pressure
ventilationor chest compression) 4) Early onset features
of hypoxic ischemic encephalopathy.5) Exclusion of
other etiologies for encephalopathy.
Preterm infants, infants whose mothers received
pethidine or phenobarbitone which might cause
depression in baby and neonates with any obvious
external congenital malformations were excluded from
the study. The methodology and results of short term
outcome at discharge have been explained in our
previous study 9.
As soon as the baby was admitted to NICU, the
details were entered in a predesigned proforma. The
infants were assigned randomly, using a computer
generated random number table, to receive either
magnesium sulphate infusion (study group) or normal
saline (control group). The sequentially numbered
allocation was not concealed. Allocation to either of
group was done within first six hours of life. All neonates
were treated according to the routine NICU protocol
for perinatal asphyxia. The supportive management
included maintenance of adequate oxygenation and
ventilation, maintenance of sufficient brain and organ
perfusion, normal metabolic status, maintenance of
euthermic and euglycemic status, fluid and electrolyte
balance and control of seizures. Therapeutic
hypothermia (TH) was not routinely used as a standard
of care for asphyxiated neonates in our unit during the
study period. The study group received magnesium
sulphate intravenous infusion at 250 mg/kg/dose (1
ml/kg/dose in 20 ml of 5% dextrose solution) over
1 hour within 6 hours of birth with 2 additional doses
repeated after 24 hours and later at 48 hours. During
the initial 72 hours of life all physiological variables were
monitored continuously. Baseline serum magnesium
was measured soon after delivery and two more serum
magnesium levels were measured at 24 hours and at
48 hours in both the groups. Serum magnesium was
measured using magnesium kit provided by CREST
biosystems using Calmagite method. Blinding was not
done due to settings limitation.
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The primary outcome of the present study included
composite outcome of death or disability, developmental
delay and neuromotor tone abnormality at 12 months
follow up. The study evaluated developmental outcome at
12 months using Trivandrum Developmental Screening
Chart. The Trivandrum Developmental Screening Chart
was developed and designed by Child Development
Center, SAT Hospital, Medical College, Trivandrum10. It
contains 17 test items taken from norms given in Bayley
Scale of Infant Development (Baroda norms)11. A vertical
line is drawn at the level of chronological age of the
infant being tested. If the infant fails to achieve any item
that falls short on the left side of vertical line, the infant
is considered to have developmental delay. Any obvious
abnormality or asymmetry is also considered abnormal.
Amiel-Tisonneuromotor tone assessment was
done by clinical evaluation of following: adductor
angle, popliteal angle, foot dorsiflexion angle and scarf
sign12,13. All statistical methods (descriptive statistics, chi
square/contingency coefficient analysis, independent
samples t test) were carried out through the SPSS for
windows (version 19.0). The p-value <0.05 was taken as
statistically significant.
The study was approved by the Institutional Ethical
Committee and informed consent was taken from parents.

Results
A total 142 newborns were found eligible for the
study; of which 22 were excluded (14 had exclusion
criteria, 5 parents refused to participate and 3 were
discharged against medical advice before completion
of intervention). Of remaining 120 newborns, 60 infants
were randomly assigned to study group and 60 to
control group. In magnesium group, 24 had mild HIE,
34 had moderate HIE and 2 had severe HIE. In placebo
group, 27 had mild HIE, 32 had moderate HIE and 1
had severe HIE. HIE staging was done by Sarnat and
Sarnat staging for Hypoxic ischemic encephalopathy
2
All baseline characteristic features, antenatal risk
factors and severity of HIE were comparable between
two groups. Baseline serum magnesium was measured
soon after delivery and two more serum magnesium
levels were measured at 24 hours and at 48 hours
in both the groups. In infants of magnesium group,
mean serum magnesium level increased from the
baseline level of 1.52 meq/l to 2.72 meq/l at 48 hours.
While in the control group mean serum magnesium
level remained 1.62 meq/L at 48 hour. Based on the
pharmacokinetics and estimates of plasma half life of
magnesium sulphate as reported by Levene M et al in
1995, the neuroprotective range of serum magnesium is
2.4 - 5 meq/l. In the present study, the post intervention
258

mean serum magnesium level of study group was more
than 2.4 meq/l (1.2 mmol/l) which is in therapeutic and
neuroprotective range. No adverse effects related to
elevated levels of magnesium were noted in any of the
cases. Normal neurobehaviour outcome was reported
for 32 infants in study group (91.4%) vs 22 infants in
control group (68.75%) among infants with moderate to
severe HIE at discharge in our previous study (p=0.019)
which was statistically significant9.
Out of 120 infants, 69 infants had moderate to
severe HIE during initial NICU stay. Total 41 infants (38
with moderate and 3 with severe HIE) could be followed
up among those 69 infants with moderate-severe HIE.
Out of 41 infants, 22 were in study group who received
magnesium and remaining 19 in control group who
received placebo (Figure 1). At 12 months, two infants
in study group and three infants in control group were
on antiepileptic drug for seizures. The mean occipitofrontal circumference was comparable between infants
of two groups (46.5± 0.45 vs 46.2±0.55) with p-value
0.06. The infant characteristics evaluated at 12 months
were tabulated in Table 1.
Of 22 infants assigned to magnesium therapy
for whom adequate data on the primary outcome
were available,3(13.6%) died or survived with
neurodevelopmental disability as compared with five of
ninteen infants (26.3%) assigned to placebo for whom
adequate data were available on the primary outcome
(relative risk, 0.51; 95% confidence interval [CI],0.141.88; p=0.32).
There was no statistically significant difference in
composite outcome of death or disability at 12 months
between two groups.
The developmental outcome was evaluated by
paediatric resident doctors or consultants who were
trained in using Trivandrum Developmental Screening
Chart (TDSC) during infants OPD follow up visits.
Though TDSC was a screening test, it was used as
the method was simple, could be completed within
five minutes and could be done by any trained health
worker. Developmental delay was reported in 3 of 22
infants in study group vs 5 of 19 infants in control group
(relative risk, 0.51; 95% confidence interval [CI],0.141.88; p=0.32). Ameil- Tisonneuromotor tone assessment
revealed tone abnormality in three of twenty two infants
in study group vs five of 19 infants in control group
(relative risk, 0.65; 95% confidence interval [CI],0.162.54; p=0.53). There was no statistically significant
difference in developmental outcome and neuromotor
tone assessment at 12 months between two study
groups (Table-2).
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142 infants with perinatal asphyxia eligible for the study.

22 excluded
- 14 had exclusion criteria
- 5 parents refused to participate
- 3 were discharged against medical
advice before completion of intervention

120 newborns were randomized into two groups

Magnesium
Group (n = 60)

Placebo Group
(n = 60)

- 10 did not have adequate
data for analysis at 12
months
- 20 were lost to follow up
- 8 had incomplete
assessment.

- 8 did not have adequate
data for analysis at 12
months
- 22 were lost to follow up
- 11 had incomplete
assessment.
- 22 had data for
analysis at 12 months

- 19 had data for
analysis at 12 months

Fig 1: Numbers of Infants Who Were Eligible for the Study, Randomly Assigned to Receive Magnesium or Placebo, and
Followed to a Corrected Age of 12 Months.

Table 1: Characteristics of study and control group infants evaluated at 12 months
Characteristics

Magnesium group (n=22)

Placebo group(n=19)

p-value

10 (45.45%)

11 (57.89%)

0.43

2.95±0.45

3.10±0.56

0.34

Female sex
Birth weight: kg
Gestational age (weeks)

38.4±1.8

38.6±1.5

0.70

Moderate- severe HIE

22(100%)

19(100%)

1.0

12.4

12.7

-

12.2 – 13.5

12.4 – 13.7

-

2(9.09%)

3(15.8%)

0.52

Age of surviving infants at follow-up (months)
Median
Interquartile range
Seizure requiring antiepileptics
Weight (kg)

10.2±0.16

10.7±0.15

0.12

Length (cm)

73.3±0.51

74.5±0.54

0.23

Head circumference (cm)

46.5±0.45

46.2±0.55

0.06
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Table 2: Primary outcome of death or neurodevelopmental disability at 12 months
Placebo

Magnesium

Composite: Death or disability

Outcome

p-value
0.32

95% confidence interval Relative risk
0.14-1.88

0.51

5/19(26.3%)

3/22(13.6)

Developmental delay

0.32

0.14-1.88

0.51

5/19(26.3%)

3/22(13.6%)

Abnormal neuromotor tone

0.53

0.16-2.54

0.65

4/19(21.1%)

3/22(13.6%)

Discussion
The baseline characteristics of both groups were
comparable for birth weight, gestational age, sex and
severity of HIE. All 41 infants with adequate data on the
primary outcome had moderate-severe HIE during initial
NICU stay. One infant in each group with severe HIE
expired in the initial neonatal period.
In the study by Geeta Gathwala et al14 40 term
neonates with perinatal asphyxia were randomly
assigned to magnesium therapy group and placebo
group. A total 32 infants were available for follow up
at 6 months which revealed abnormal or suspected
developmental outcome in 18.75% vs 31.25% (p-value
> 0.05) infants in magnesium and placebo group
respectively. The developmental assessment was done
with Denver 11. In the present study, the developmental
assessment found no significant difference between
study group and control group with a developmental
delay of 13.6% vs 26.3% respectively in each group.
(p=0.32). Trivandrum Developmental Screening
Chart was used in present study for developmental
assessment which was easier and could be done at a
community level.
Ichiba H et al in 2006 evaluated 30 infants with
moderate to severe HIE who were given magnesium
sulphate infusion in first 72 hours of life. Two infants died
and remaining 28 infants were evaluated at 18 months.
21.6 % of infants had severe neurodevelopmental
disability at 18 months. The study was not a randomized
controlled trial. No significant adverse effect was
noticed15.
In the present study, though more number of infants
in study group had normal development compared
to control group (86.4% vs 73.7), it did not reach a
statistically significant level. Similar result was obtained
in previously mentioned studies14, 15.
Postnatal magnesium therapy in asphyxiated
newborn was found to produce good short term
neurological outcome in treatment group compared to
control group in our own initial study9. Similar favorable
short term outcome at discharge was noticed in other
studies16, 17.
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Magnesium was given in all studies in a dose of
250 mg/kg for initial 72 hours which ensured serum
magnesium levels in the neuroprotective range which
is 2.4-5 meq/l based on the pharmacokinetics and
estimates of plasma half life as reported by Levene
et al18. No short term or long term adverse effects
were reported in any studies which emphasize that
magnesium is an extremely safe drug when given under
supervision.
There are many limitations in the present study. The
study evaluated infants at 12 months and at this period
motor development could be evaluated with reasonable
accuracy. For cognitive and other socio-development
evaluation, assessment at 18-24 months would be more
accurate.
The study used Trivandrum Development Screening
Chart (TDSC) for assessing developmental delay
which is not a confirmatory method of developmental
assessment.TDSC was designed by selecting 17 test
items from BSID (Baroda Norms). It was validated both
at hospital and community level against DDST. The 17
items contain different domains of development till two
years of age. A vertical line is drawn at the level of age
of child in months being tested. If child fails to achieve
any item that falls short on the left side of vertical line the
child is considered to have developmental delay. It was
used as the method was simple, could be completed
within five minutes and could be done by any trained
health worker with more community implications 10.
The attrition rates for both groups were high in
the study. The final assessment could only be done for
37% (22/60) in magnesium group and 32% (19/60) in
placebo group. The follow up is very poor in majority of
our government tertiary hospitals as patients are coming
from far distant remote villages and were poor in socioeconomic and educational background. So sample
size was small. This has been a limitation of the study.
Still we managed to follow up 41 out of 69 infants with
moderate-severe HIE(59%).
In addition to clinical neurological examination,
neuroimaging and EEG might give more information
regarding neurological status of surviving infants with

J. Nepal Paediatr. Soc.

Prakash R et. al.
perinatal asphyxia19, 20. Though cranial ultrasound was
done during NICU stay for 35 of 41 follow up infants,
we could not evaluate the infants with EEG or MRI.
Cranial ultrasound was normal for 32 out of 35 infants.
Out of three infants with abnormal cranial USG, two had
intraventricular haemorrhage and one had periventricular
leukomalacia. This again emphasize that cranial USG
has a very low sensitivity for detecting abnormalities for
infants with HIE. MRI and EEG was not done due to
resource limitations in our set-up.
During the study period, our unit had not started
therapeutic hypothermia (TH) routinely as a standard
of care for all asphyxiated neonates. The low resource
setting and lack of experience/expertise with this
modality were some of the reasons behind it. The
guidelines of WHO collaborating centre for training and
research in newborn care, All India institute of medical
science mentions that: “TH has become standard
of care in developed countries. However, in low to
middle income countries where the patient profile is
different (concomitant IUGR, infection and nutritional
deficiencies), and there is a paucity of intensive care,
and many births occur out of hospital, small studies have
shown that there may be increase in mortality with TH.
The true value of TH in low to middle income countries
is yet to be tested.”
So we intended to do the study with magnesium
sulphate which is a low cost drug with high margin of

safety, hence suitable for a resource limited settings.
In addition to that there is very little literature regarding
long term outcome with magnesium therapy.
The favourable short term outcome related to
magnesium might be probably due to following properties
of magnesium-its central anticonvulsant effect on
hippocampal seizures, cerebral vasodilatory properties,
reduction of calcium influx by gating NMDA receptor
in brain and antagonizing glutamate excitotoxicity. The
neurodevelopmental outcome was no longer significant
at 12 months age. Development was assessed by a
screening method only. In addition, low sample size
due to high attrition rate and poor follow up might have
also affected this disparity in outcome. Hence, further
adequately powered research is needed to evaluate the
effect of magnesium in asphyxia.

Conclusion
The available data states that magnesium as
a novel agent may result in favourable short term
neurological outcome. But long term follow up studies
are sparse in literature. Our study found that there
was no difference in the composite outcome of death
or disability at 12 months when postnatal magnesium
therapy was given as a neuroprotective strategy for
perinatal asphyxia.The present evidence does not
prove that magnesium therapy results in a favourable
long term neurodevelopmental outcome, though no
significant adverse effect has been documented.
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