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ABSTRACT

Background: Until recently, management strategies of birth asphyxia were
supportive and not targeted toward the processes of ongoing injury. In view of
conflicting reports about the role of magnesium in birth asphyxia and due to
the paucity of Indian studies, the present study was undertaken in BLDEA
Medical College University Hospital, Bijapur, India over a period of 2years
and 6 months. Objective: To study the outcome and complications of term
asphyxiated neonates in the first 10 days of life who are supplemented with
Magnesium.

Material and Methods: Randomized case control study on 85 term neonates
with birth asphyxia (45 cases and 40 controls). All the term neonates with
Apgar score of 3 or less at Iminute and 6 or less at 5 minutes were included in
the study. Cases had received Magnesium Sulphate intravenous infusion at a
dose of 250 mg/kg in the first hour of life and 2 additional doses of 125 mg/kg
at intervals of 24 hours. Serum Magnesium was estimated at birth and then on
12, 24, 48 and 72 hours of life in both groups.

Results: Mean number of convulsions was 4.6 in cases and 7.2 in control
group. Time interval between the first and last convulsion was less in cases as
compared to control group. Duration of Oxygen supplementation and NICU
stay were significantly shorter in cases. Direct breast feeding was able to
initiate early in cases as compared to controls group. Significant differences in
Magnesium level were seen in cases after supplementation. Clinical or Serum
Magnesium toxicity were not detected in any of the cases. There was no
difference in the incidence of complications among the two groups.
Conclusion: Decrease in the number of convulsions and duration of
convulsion shows the neuroprotective effect of Magnesium in treatment of
birth asphyxia. In the present study magnesium supplementation regimen was
not associated with toxicity.
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INTRODUCTION

Despite major advances in monitoring technology
and knowledge of fetal and perinatal medicine, birth
asphyxia is one of the significant causes of mortality
and long-term morbidity.[¥ Data from the National
Neonatal Perinatal database suggests that birth
asphyxia contributes to almost 20% of neonatal
deaths in India2. It defined moderate asphyxia as

slow gasping breathing or an Apgar score of 4-6 at 1
minute of age. Severe asphyxia was defined as no
breathing or an Apgar score of 0-3 at 1 minute of
age.? “Failure to initiate or sustain respiration after
birth” is defined as criteria for the diagnosis of
asphyxia by WHO.

Strict monitoring and prompt correction is needed
for common problems including temperature
maintenance, blood sugar, blood pressure and
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oxygenation. Birth asphyxia may occur in utero,
during labour and delivery, or in the immediate
postnatal period. The clinical and neurological
sequelae following perinatal asphyxia is referred to
as Hypoxic-Ischemic Encephalopathy (HIE).E! Most
widely used classification of HIE is that of Sarnat
and Sarnat which divides affected infants into Stage
I, Stage Il and Stage I As of now, the
management of an asphyxiated newborn is limited
to early identification of the infant at highest risk
and supportive care to facilitate adequate perfusion
and nutrients to the brain. The neuroprotective
strategies aimed at ameliorating secondary brain
injuries are hypothermia, oxygen free radical
scavengers and excitatory amino acid antagonists.

In birth asphyxia, glutamate, the main excitatory
amino acid neurotransmitter, is released in increased
concentrations in the extracellular compartment of
brain. N- Methyl-D-Aspartate (NMDA) receptor is
particularly important in the development of post-
asphyxial neuronal injury.I High concentrations of
glutamate cause the NMDA channels to open,
allowing excessive amounts of calcium into the

neurons, inducing irreversible cell injury.
Magnesium ions gate the NMDA channel in a
voltage dependent manner by  producing

hyperpolarization, and increasing the extracellular
Mg2+ concentration may protect the brain from
NMDA receptor mediated damage. Magnesium is a
naturally occurring NMDA receptor antagonist
protecting the developing brain from the damage
usually which is caused by glutamate. Thus
magnesium sulphate is proposed for clinical use to
combat glutamate excitotoxicity and brain
damage.[® So far, to the best of our knowledge, only
two published study in India regarding the role of
magnesium therapy in birth asphyxia.\ Both were
randomized controlled trials done in 2006 and 2009
which concluded neurological abnormalities were
less frequent in those neonates treated with
magnesium.

But there is a paucity of data regarding the role of
magnesium therapy in perinatal asphyxia.[’l In view
of conflicting reports about the role of magnesium
in perinatal asphyxia and also in view of paucity of
Indian studies in this subject, the present study was
undertaken.

MATERIALS AND METHODS

Source of Data: Term neonates (gestational age of
more than 37 to less than 42 completed weeks) with
birth asphyxia delivered in maternity unit

The study was conducted over period of 2 years and
6 months in the Tertiary Neonatal Unit of BLDEA
Medical College University Hospital, Bijapur, India
Method of Data Collection: After taking the
informed consent from the parents or guardian and
fulfilling inclusion and exclusion criteria, patients
was included in the study

Inclusion Criteria: All single term neonates with
Apgar score of 3 or less at Iminute and 6 or less at 5
minutes. (Term neonates with perinatal asphyxia as
defined by WHO and NNPD)

Exclusion Criteria

1. All Preterm and post term neonates.

2. Neonates with congenital malformations.

3. Neonates with meconium-stained amniotic
fluid.

4. Patients whose mothers received magnesium
sulfate, pethidine, phenobarbitone or other
drugs likely to influence the Apgar Score.

Randomization of the study was done by; babies
delivered on odd dates of a month will be taken as
case group and babies delivered on even dates of a
month were taken as control group. i.e. a baby
delivered on dates like 1,3,5,7 are included in case
group and baby delivered on dates like 2,4,6,8, were
be considered as control group. A day was
considered from 12AM to 11.59PM. As soon as the
baby is admitted to NICU, the details were entered
in a predesigned proforma. This includes history
regarding antenatal risk factors for perinatal
asphyxia like age of mother, history of pregnancy
induced hypertension, anemia, bleeding, infection
and systemic disease. Intrapartum factors like mode
of delivery, history of prolonged rupture of
membrane, meconium-stained amniotic  fluid,
malpresentation and cord prolapse were also
entered.

The examination findings including vital signs and

detailed anthropometry were recorded and a

complete examination of central nervous system,

Respiratory system, Cardiovascular system and

Gastro-intestinal system was done and recorded in

detail. Case group had received Magnesium sulfate

infusion at 250 mg/kg per dose (in 20 mL of 5%

dextrose solution) over 1 hour within first hour of

birth, and 2 additional doses 125 mg/kg per dose (in

20 mL of 5% dextrose solution) over 1 hour at

intervals of 24 hours. This extra fluid was

considered along with total daily fluid maintenance
dose of the neonates. The neonates of the control
group did not receive any proposed Magnesium
supplementation. Further neonates of both groups
were treated as per the routine NICU treatment
protocol for birth asphyxia. Clinical assessments
include assessments of the neurologic status twice
daily for the first 10 days of life using Sarnat and

Sarnat  classification  of  Hypoxic-lschemic

Encephalopathy (HIE) into Stage I, Stage Il or Stage

I1l. Parameters like type of respiratory support

needed, the presence of seizures, the time for

establishment of full oral feedings, duration of stay
in hospital. The assessment of the child was done in

NICU and will be continued in wards if the child is

transferred for mother side admission. The

symptoms of hypermagnesemia in neonates like
lethargy, vomiting, Impaired breathing, decreased
respiratory  rate,  hypotension,  bradycardia,
arrhythmia and asystole, decreased /absent deep
tendon reflexes are monitored. Complications
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associated with Cardiac system like
bradycardia/tachycardia, rhythm  abnormalities,
appearance of murmurs; Renal system like
Hematuria, oliguria, renal failure; Respiratory
system like duration of oxygen dependence,
respiratory failure, Gastrointestinal system like
Necrotizing  enterocolitis, feed intolerance;
Hematological abnormalities like
Thrombocytopenia, hyperbilirubinemia, coagulation
abnormalities; Metabolic disturbances like Acidosis,
hypoglycemia, hypocalcemia, hyponatremia were
monitored in both the study groups. Laboratory
assessments include serum Magnesium estimation
on admission in NICU and then on 12, 24, 48 and 72
hours of life was done in both groups. Routine
NICU protocol investigations for birth asphyxia will
also be done. Serum magnesium is measured using
Calmagite Method.

Data Analysis

Determination of Sample Size: Sample size= 30
neonates in each group. The sample size for the
comparative study of each group may be determined
using the formula® with permissible error of 0.054
Nn=1[Za«s20] IE2 = 3.8416 X 0.151066*
/0.054' =30

Z = Standard normal variable E = Permissible error,
here [Z a/ 2]* = [1.96]* =3.8416, the theoretical
value of z statistic at 5 % level of significance. s'=
assumed as standard value from a previous study®
(0.151066)*

RESULTS

The duration of study period was 2 years and 6
months ,85 patients of birth asphyxia were enrolled
in the study of 45 cases and 40 control groups. Total
number of deliveries during the study period was
2537 Incidence of Birth Asphyxia during the present
study period was 3.35. Statistical analysis was done
using significance of serum Magnesium and
outcome. This was analyzed using t-test in the
present study.

There were 52 (61%) male babies in the total study
population. In the study population, case group
comprised of 45(53%) babies. Male neonates were
more in both the study group. 38(45%) patients had
Stage 1 HIE, 35(41%) patients had Stage 2 HIE and
12(14%) patients had Stage 3 HIE. Most number of
the patients came in HIE stage 1 group, 20(24%)
patients. Least number of patients were in HIE stage
3 control group, 5(6%) patients. Mean Serum
Magnesium level was lowest during birth (Case-
1.795 mg/dl; Control-1.740 mg/dl). Magnesium
levels were 4.062 mg/dl, 4.137 mg/dl, 4.172mg/dI,
4.202m/dli n cases during 12, 24, 48 and 72 hours of
life respectively. Babies in the study group were
monitored during Magnesium infusion and every 8
hours subsequently recorded the parameters like
heart rate, respiratory rate, oxygen saturation and
capillary refilling time. There were no significant
alterations in these parameters either with 250

mg/kg dose or with the 125 mg/kg dose, and as per
our experience, these doses are safe. The values
obtained in the present study are comparable to
these Patients with moderate encephalopathy
showed significant reduction in number of
convulsions (4.6 vs 7.2) and interval between 1st &
last convulsion in case group (10 vs 20 hours) in
case group. There was no significant difference in
time of presentation of 1st episode of convulsion
among the two groups. These points out the
neuroprotective effect of Magnesium
supplementation. Patients with severe
encephalopathy showed significant reduction in time
of presentation of 1st episode of convulsion among
the two groups. There was no significant difference
in number of convulsions and interval between 1st
& last convulsion among the two groups. Case
group showed significant reduction duration of
oxygen supplementation (94 vs 123 hours), time
initiation of DBF (136 vs 165 hours of life) and
duration of NICU stay (160 vs 195 hours) as
compared to controls. Complications of birth
asphyxia (other than neurological system) were
similar in both the groups.

Sex wise distribution of the Study Population

BMALE
BFEMALE

0 5 10 5 20 5 N B 4 &

Figure 1: There were 52 (61%) male babies in the total
study population. In the study population, case group
comprised of 45(53%) babies. Male neonates were
more in both the study group

Distribution of the study groups according to HIE staging

No: of
Patients

HIE Stage 1 HIE Stage 2 HIE Stage 3

BCASE mCONTROL

Figure 2: 38(45%) patients had Stage 1 HIE, 35(41%0)
patients had Stage 2 HIE and 12(14%) patients had
Stage 3 HIE. Most number of patients came in HIE
stage 1 group, 20(24%) patients. Least number of
patients were in HIE stage 3 control group, 5(6%0)
patients
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Distribution of S.Mg level among the study group

WCASE
B CONTROL

Birth 12tes 2 hrs 4ahrs 72hrs

Figure 3: Mean Serum Magnesium level was lowest
during birth (Case-1.795 mg/dl; Control-1.740 mg/dl).
Magnesium levels were 4.062 mg/dl, 4.137 mg/dl,
4.172mg/dl, 4.202m/dl in cases during 12, 24, 48 and 72
hours of life respectively. All the serum Magnesium
values in the cases were in the neuroprotective range
during the 1st 72 hours of life

Analysis of Convulsion in HE Stage 3
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Convulsions of Birth)
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Figure 5: There was a significant reduction at the time
of presentation of 1st episode of convulsion among the
two groups. There was no significant difference in
number of convulsions and interval between 1st & last
convulsion among the two groups

Analysis of Convulsion in HIE Stage 2
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Figure 6: There was significant difference among the
two groups in 1) Duration of Oxygen supplementation
2) Initiation of DBF 3) Duration of NICU stay

Figure 4: There was significant reduction in number of
convulsions and interval between 1st & last convulsion
among the two groups. There was no significant
difference in time of presentation of 1st episode of
convulsion among the two groups

Analysis of complications

HCASE
BCONTROL|

Figure 7: There was no significant difference in the
incidence of complications of birth asphyxia

Table 1: Gender distribution of the Study Population

SEX CASE CONTROL TOTAL

MALE 28(33%) 24(28%) 52(61%)

FEMALE 17(20%) 16(19%) 33(39%)
TOTAL 45(53%) 40(47%) 100(100%)

Table 2: Distribution of study groups according to Sarnat and Sarnat HIE classification
CASE CONTROL Total

HIE Stage 1 20(24%) 18(21%) 38 (45%)

HIE Stage 2 18(21%) 17(20%) 35 (41%)

HIE Stage 3 7(8%) 5(6%) 12 (14%)

TOTAL 45(53%) 40(47%) 85 (100%)
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Table 3: Distribution of mean Serum Magnesium level among the study groups
. S.Magnesium (mg/dl)
Hours of life Case Control p-value
Birth 1.795 1.74 >0.05 Not Significant
12 hours 4.062 1.801 <0.05 Significant
24 hours 4.137 1.797 <0.05 Significant
48 hours 4.172 1.824 <0.05 Significant
72 hours 4.202 1.857 <0.05 Significant
Table 4: Analysis of Convulsion in HIE Stage -2
MEAN DURATION CASE CONTROL p- value
Number of Convulsion 4.61 7.29 <0.05 Significant
1st Convulsion -
(Hours of Life) 2.39 3.24 >0.05 Not Significant
Duration P
(Hours) 10 20.75 <0.05 Significant
Table 5: Analysis of Convulsion in HIE Stage 3
MEAN DURATION CASE CONTROL p- value
Number of Convulsion 5.29 3.40 >0.05 Not Significant
1st Convulsion I
(Hours of life) 2.29 4.60 <0.05 Significant
Duration 22.86 30.60 >0.05 Not Significant
(Hours)
Distribution of Outcome Analysis
Table 6: Distribution of outcome analysis
- CASE CONTROL
Mean Duration (Hours of Life) (Hours of Life) P-Value
O, Dependence 94 123 0.00048511 Significant
Starting of DBF 136 165 0.000160049 Significant
NICU Stay 160 195 0.007867336 Significant
Analysis of Complications
Table 7: Analysis of complications
CASE CONTROL Total
Renal Failure 2 1 3
Feed Intolerance 3 3 6
PAH 3 4 7
GMH 3 3 6
IVH 2 3 5
Hyperbilirubinemia 3 2 5
Death 2 3 5
DISCUSSION and Hossain et al,' reported similar ‘0> hour serum

Data from National Neonatal Perinatal database
suggests that birth asphyxia contributes to almost
20% of neonatal deaths in India. It defined moderate
asphyxia as slow gasping breathing or an Apgar
score of 4-6 at 1 minute of age. Severe asphyxia was
defined as no breathing or an Apgar score of 0-3 at 1
minute of age. “Failure to initiate or sustain
respiration after birth” is defined as criteria for the
diagnosis of asphyxia by WHO. In our study, the
case and control groups had no differences in
gestational age, birth weight, gender, mode and
place of delivery, parity, antenatal checkup, liquor
colour and hypoxic-ischemic encephalopathy (HIE)
staging and mean age of intervention between the
experimental and controlled groups. The serum
magnesium levels at birth were 1.740 (+0.286)
mg/dl and 1.795(x0.237) mg/dl in the control and
study group respectively. The normal reported
values for serum Mg in neonates on day 1 of life are
1.8(%0.15) 106 mg/dl. Levene et al,®! Geeta et al,[*%

Mg levels 1.867 mg/dl, 1.704mg/dl and 1.6 mg/dI
respectively in babies with severe birth asphyxia.
Symptoms of hypermagnesemia manifest at serum
Magnesium level above 5 mg/dl.l2134 This is
possibly why the Mg levels at birth in the babies
with birth asphyxia were not different from those
reported in normal neonates. All the serum
Magnesium values in the cases were in the
neuroprotective range during the 1st 72 hours of
life.l*516] We used 3 doses of Mg —250 mg/kg given
within an hour of birth, followed by 125 mg/kg
given at 24 and 48 hours of life. The serum Mg
levels obtained were between 4.062 (+£0.31) mg/dl
and 4.062 (£0.22) mg/dl. Geeta et al also used the
same dosage and serum Magnesium were between
3.523 mg/dl and 4.598 mg/dl. Levene et al also used
a single dosage of 250 mg/kg. The 12-hour value
was 4.062 mg/dl which is similar to that reported by
both the studies. 24-hour value was higher at 4.172
mg/dl as similar to Levene et al because of an
additional dose of 125 mg/kg of Mg, which was
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administered at 24 hours. The normal serum Mg
levels being 1.8mg/dl to 2.5 mg/dl. Serum
Magnesium levels between 3- 5 mg/dl may be
expected to be neuroprotective. With the dosage
schedule used in the present study, Serum Mg levels
obtained were in the range of 4.062- 4.202 mg/dI
over a period of 72 hours. The Mg levels reached
were therefore in the neuroprotective range.
Secondary neuronal injury to the post asphyxial
neonatal brain can occur over a period that may last
as long as 72 hours. We administered the second
and third doses of Magnesium at 24 and 48 hours
with an aim to maintain increased serum
Magnesium concentration for a period of 72 hours.
With the dosage schedule used in the present study
we were successful in maintaining serum Mg levels
in the neuroprotective range for a period of 72
hours. Magnesium toxicity has been shown to relate
to serum Magnesium levels. Reportedly, symptoms
of hypermagnesemia manifest at serum Magnesium
level above 5 mg/dl. Babies in the study group were
monitored. during magnesium infusion and every 8
hours subsequently recorded the parameters like
heart rate, respiratory rate, oxygen saturation and
capillary refilling time. There were no significant
alterations in these parameters either with 250
mg/kg dose or with the 125 mg/kg dose, and as per
our experience, these doses are safe. The maximum
serum Mg level documented in the present series
was 4.202 mg/dl. This can be possible reason why
we did not see any side effects in the babies. The
mean number of convulsions in HIE stage 2 cases
and controls were 4.61 and 7.29 respectively. There
was a significant reduction in the number of
convulsions and duration between 1st & last
convulsion among the two groups. There was no
significant difference in time of presentation of 1st
episode of convulsion among the two groups in
neonates with moderate encephalopathy. There are
no major changes in analysis of convulsion or
neurological outcome in patients with severe
encephalopathy (HIE Stage 3). Direct breast feeding
was started on 136 hours (5 days 16 hours) and 165
hours (6 days 21 hours) of life in cases and controls
respectively and the difference was significant. This
finding was similar to Bhat et al,**] and Hossain et
al,[*Y studies. The duration of NICU stay was 160
hours (6 days 16 hours) in cases and 195 hours (8
days 3hours) in control group. The mean duration of
Oxygen supplementation was 94 hours (3 days 22
hours) and 123 hours (5 days 3 hours) in cases and
controls respectively. These two variables showed a
significant difference. These variables are not
assessed by other studies. One of the objectives of
the present study was to monitor the complications
of hypermagnesaemia in the study group. There
were no significant alterations in heart rate,
respiratory rate, oxygen saturation and capillary
filling time were seen, following magnesium
infusion with either 250 mg/kg or 125 mg/kg dose.
This finding was similar to Geeta et al, Levene et al,
Hossain et al and Ichiba et al studies. Neurological

complications of birth asphyxia and improvement
with Magnesium supplementation was studied in
most of the above-mentioned studies. The present
study had also monitored complications of birth
asphyxia in respiratory, cardiovascular, renal,
hematological and gastro-intestinal system. Though
the neurological outcomes were improved, there was
no significant difference in the incidence of
complications of birth asphyxia involving other
systems were found in the present study.

CONCLUSION

Summary

The present study was done as a randomized study
involving 85 term neonates (45 cases and
40controls) with birth asphyxia in which the cases
were supplemented with Magnesium and the
complications and outcome were compared with the
control group. Significant differences in Magnesium
level were seen in cases after supplementation. Case
groups with moderate encephalopathy showed
significant reduction in number of convulsions and
interval between 1st & last convulsion among the
two groups. There was a significant reduction in
case group on duration of oxygen supplementation,
initiation of DBF and duration of NICU stay.
Decrease in the number of convulsions and duration
of convulsion shows the neuroprotective effect of
Magnesium in treatment of birth asphyxia. In the
present study Magnesium supplementation regimen
was not associated with toxicity. There was no
difference in complications (other than neurological
system).
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