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ABSTRACT

Background and objective: Birth asphyxia is a common pathological condition seen in newborns with increased morbidity and mortality.
Grave consequences following birth asphyxia require earlier recognition of the precipitating factors and prompt treatment in intensive care
units. Multiple electrolyte imbalance has been related to this condition. This study aimed at determining the mean serum total calcium
levels in neonates with birth asphyxia.

Methods: This cross sectional study was performed at the neonatal intensive care unit of the Pediatric Department of Fauji Foundation
Hospital, Rawalpindi, Pakistan over a period of 6 months. A total of 100 full-term neonates of either gender with evidence of birth asphyxia
of any stage were enrolled on their first hour of birth. Serum calcium levels were estimated in each neonate at 24 hours after birth.

Results: A total of 60 (60%) neonates were males. Mean serum calcium levels were found to be 7.64 mg/dl + 0.59 with no significant
difference among males and females (7.67 + 0.64 and 7.59 + 0.50 mg/d|, respectively). Neonatal distribution in Stages I, Il, and Il was 64
(64.0%), 23 (23.0%), and 13 (13.0%), respectively. Hypoxic-ischemic encephalopathy stage stratification with mean serum calcium levels
with higher stages deciphered significant correlation (7.89 + 0.54, 7.36 + 0.28, and 6.88 + 0.28 mg/d|, respectively, in stage |, Il, and Ill).

Conclusion: Markedly decreased levels of mean serum calcium were seen in higher hypoxic stages with ischemic encephalopathy hence

delineating a linear correlation with the onset and progression of disease.
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Introduction

According to the definition of World Health Organization,
birth asphyxia is a failure in the ability to initiate or sustain
the process of breathing at the time of birth.! Several
metabolic derangements are observed in cases of birth
asphyxia including calcium, sodium, potassium, phosphate,
and glucose. A total of 130 billion babies are born each year
out of which 4 million die in their neonatal period. Most of
these deaths are reported from countries that have middle or
low income with a reported overall 23% prevalence of birth
asphyxia in such cases. Imbalance of electrolytes has been
found to be associated with hypoxia inducedencephalopathy
leading to increased morbidity and mortality.>? Consequently,
multi-organ failure and electrolyte imbalance has been
linked as a major reason for intensive care admissions. At
the cellular level, adequate supply of oxygen is necessary
for metabolism. Hypoxia, hypercarbia, and acidosis, which
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are seen in asphyxiated newborns, can lead to detrimental
effects which necessitate prompt detection and treatment of
the cause.** An estimated 1 million children escaping birth
asphyxia develop other central nervous system pathologies
including neuromuscular, cognitive, and learning difficulties.
Lack of oxygen due to inability to breathe can cause a
decrease in oxygen supply to the brain causing hypoxic
ischemic encephalopathy (HIE).® Levels of several markers
like brain-specific creatinine kinase, lactate dehydrogenase,
lactate/creatinine ratio, glial fibrillary acidic protein, uric acid,
hypoxanthine, glutamate, etc. in the blood or cerebrospinal
fluid are used to determine brain injury.” In birth asphyxia,
overstimulation of neurotransmitter receptors results in a
raised intracellular calcium, with subsequent destructive
process. Calcium is a vital second messenger system hence
helps in muscle function and acts as a cofactor for many
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enzymes. It is actively transported across the placenta in the
third trimester leading to hypercalcemia in a term newborn
(10-11 mg/dl) followed by abrupt recession due to cessation
of maternal calcium resulting in hypocalcemia at 24 hours of
life (8-9 mg/dl) and then normal levels are achieved by the
second week.? Literature elucidated a significant negative and
positive correlation of serum potassium and calcium levels,
respectively, with Apgar score. Magnesium has a significant
role in preventing cell death in asphyxia.>® The importance
of glucose in the body is just like fuel to the vehicles and
inadequacy of glucose in newborns lead to prolonged
neurological injuries as it is the main ingredient in aerobic
metabolism at the cellular level.** Birth asphyxia involves
a cascade of events which effect multiple organs and the
existing literature has found positive significant correlation
between serum calcium and hypoxic injury. Newborns with
severe hypoxic injury to the brain had decreased levels of
calcium signifying the severity of HIE.*?

This study aims to determine the serum total calcium
levels as a predictor of advanced hypoxic stages in neonates
with birth asphyxia born at a local tertiary care hospital of
Pakistan.

Methods

This cross sectional descriptive study was conducted at the
NICU, Pediatric Department, Fauji Foundation Hospital,
Rawalpindi, Pakistan over 6 months period (October 2020 to
April 2021) after approval of the Institutional Ethical Review
Committee.

The calculated sample size for the study was (100)
with the population mean of 7.00 + 0.69 (d: 0.3) at a 95%
confidence level and 5% margin of error.’* Written informed
consent was obtained from the parents and confidentiality
was maintained for inclusion in the study according to the
guidelines of the Helsinki Declaration. Full-term neonates
of both genders (completed 37 weeks of gestation) with
evidence of birth asphyxia (any stage) were included.
However, neonates with evidence of sepsis, infections, and
major congenital pathologies were excluded.

All appropriate entries were recorded on predesigned
proforma regarding age, gender, birth weight, and stage of HIE*2
(Table 1) by a senior consultant. Serum calcium levels were
estimated at 24 hours after birth. Using an aseptic technique, 3
ml of blood was obtained by venipuncture at 24 hours of life in
a clean sterilized vial and transported to the chemical laboratory
where serum was separated using a pipette and centrifuged at
3,000-4,000 rpm for 5-10 minutes with analysis on the same
day. Serum total calcium levels were then measured using a
direct colorimetric complexometric test (Arsenazo lll) endpoint.
Equation of the reaction was “Calcium+Arsenzo-lll {2,7-[bis(2-
arsonophenylazo)]-1,8-dihydroxy naphthalene-3,6-disulphonic
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Table 1. Sarnat staging of neonatal hypoxic-ischemic
encephalopathy.™

Stage Symptoms

Irritable/hyperalert, the tone is normal/increased,
tendon reflexes are brisk, seizures are absent and
complex reflexes are normal.

Mild

Lethargic, hypotonic, tendon reflexes are brisk,

Moderate )
seizures are frequent and complex reflexes are weak.

Comatose, flaccid, tendon reflexes are depressed/
absent, seizures are absent and complex reflexes
are absent.

Severe

acid} - Blue colored Complex.” The color intensity was directly
proportional to the serum total calcium concentration. The
pathologist verified the report and results were recorded.

Statistical analysis

Data entry and analysis were done using data management
software IBM SPSS (version 23.0). Analysis of qualitative
variables was done by calculating frequencies and
percentages like gender and stage of HIE while the mean and
standard deviation was calculated for quantitative variables
like age, serum total calcium levels. An independent sample
t-test was applied. A p-value of <0.05 was considered
statistically significant.

Results

Total 100 patients who were full-term neonates of either
gender with evidence of birth asphyxia of any stage were
enrolled on their first hour of birth. A total of 60 (60%) were
males whereas 40 (40%) were females. Mean serum calcium
levels were found to be 7.64 + 0.59 mg/dl in the study
population. Difference in the mean serum calcium levels
among males and females was not significant (7.67 + 0.64
and 7.59 * 0.50 mg/dl, respectively; p = 0.219). Neonatal
distribution in Stage |, I, and Il was 64 (64.0%), 23 (23.0%),
and 13 (13.0%), respectively. Stratification concerning the
HIE stage showed a significant correlation (p = 0.001) with
mean serum calcium levels (7.89 + 0.54, 7.36 + 0.28, and
6.88 £ 0.28 mg/dl respectively in stages |, Il, and 1ll) (Tables 2
and 3). Mean serum calcium levels and HIE stages are shown
in Figure 1.

Discussion

Perinatal asphyxia is a frequent and crucial medical issue
in the management of labor and delivery. Andrew et al.’!
enrolled 75 newborns of which 50 suffered from asphyaxia.
Serum calcium levels were recorded at the age of 24, 72, and
120 hours and results concluded severe decreased levels of
calciuminthebloodforbirthtill the fifth day of life.Numerous
metabolic derangements exist in asphyxiated newborns
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such as hypoglycemia, hypocalcemia, hypomagnesemia,
etc.’? In the present study, the levels of calcium in the blood
were decreased significantly in newborns who had birth
asphyxia and such decrease was directly proportional to
the severity of birth asphyxia. These results are consistent
with Manzke and Kruse* who concluded that both the total
and ionized calcium levels in asphyxiated newborns were
decreased as compared to the ones who were born healthy.

Jajoo et al.*® studied the impact of serum calcium and
phosphorus on asphyxiated newborns. Serial measurements
of these electrolytes in the blood from birth till the fifth
day of life revealed that babies born with birth asphyxia
had low levels of calcium and phosphorous. In comparison,
these electrolytes were found within the normal limits in

Table 2. Correlation of mean serum calcium levels and
HIE (Stage I and Stage Ill).

Mean

0, -
AlISGEED ) calcium levels (mg/dl) R
Stage | 64 (64%) 7.89 + 0.54 0.001*
Stage Il 13 (13%) 6.88 + 0.28 '

*Significant p-value.

Table 3. Correlation of mean serum calcium levels and
HIE (Stage Il and Stage Ill).

Mean calcium levels

0,
HIE stage N (%) (mg/di)
Stage Il 23 (23%) 7.36 +0.28 0.001*
Stage Il 13 (13%) 6.88 £ 0.28 ’

*Significant p-value.
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healthy newborns. They concluded that lack of calcium and
phosphorous intake may lead to a pathological condition
resulting in asphyxia in newborns which can increase the
morbidity and mortality in newborns.

According to a study conducted by Schedewie et al.,'®
asphyxiated infants exhibited significantly low plasma
calcium concentrations than their controls. Pyati et al.,** in
their research correlated the levels of electrolytes in the
blood and the severity of birth asphyxia. Serum levels of
calcium (6.85 £ 0.95 vs. 9.50 + 0.51 mg/dl; p-value 0.001) and
sodium (122.1 + 6.0 vs. 138.8 + 2.7 m Eq/I; p-value < 0.05)
were significantly lower in cases versus controls (healthy
newborns) while serum potassium levels were higher
(5.05 £ 0.63 vs. 4.19 + 0.40 m Eq/I; p-value 0.05).° Among
asphyxiated newborn patients, significant hypocalcemia and
hyponatremia showed a positive linear correlation with the
low levels of APGAR score while a negative linear correlation
was found between APGAR scores and serum potassium
levels.’” Saha et al.,'® in their case-control study aimed to
find a correlation between birth asphyxia and serum levels
of glucose, calcium and magnesium. Total 60 neonates were
included in the study with 30 patients each in 2 groups of
asphyxiated and healthy newborns who were less than 24
hours of age. Newborns with asphyxia (cases) and healthy
newborns (controls) showed significant variations in the
mean serum levels of calcium and values of serum calcium
(7.37 £0.10 vs. 8.04 £ 0.09 mg/dl).*®

Rai et al.®® performed a similar study to find how
asphyxia can affect the levels of glucose and calcium in the

Stage lll

HIE STAGE

Figure 1. Mean serum calcium levels and HIE stage.
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blood. It was found that the asphyxia became more severe
with the severity relating significantly with the decreased
calcium and glucose levels in the blood.! It is suggested that
pathophysiology of asphyxia is due to oxidative stress in the
mitochondria and dysregulation of calcium signaling at the
molecular level.?® The progress of the disease is extremely
complex and includes obstetric, gestational, and fetal risk
factors.? It is reported that the severity of HIE also directly
correlates with the serum electrolytes, mainly calcium,
sodium and potassium.?? Behrman et al.?® enrolled 42 infants
with birth asphyxia (1-minute Apgar Score of 6 or less),
and 42 control infants with equivalent gestational age and
studied them serially from birth to 72 hours of age. In infants
with birth asphyxia, serum calcium at 12 and 24 hours was
lower than that of control infants and serum magnesium was
lower from 12 to 48 hours. No differences were detected
in urinary calcium and magnesium excretion.”® Lower
serum calcium values were found in asphyxiated infants
who received sodium bicarbonate therapy, even when
gestational age was considered. Authors concluded that
that bicarbonate therapy, increased phosphate loads, and
functional hypoparathyroidism may play contributory roles
in the pathogenesis of the hypocalcemia of birth asphyxia.*
This study also highlights the significance and clinical impact
of biochemical parameters in birth asphyxiated neonates and
their association with the severity of HIE in our population as
this would help the neonatologists in the early initiation of
curative management.

Conclusion

Mean serum calcium levels show a linear correlation with
the birth asphyxia and advanced stages of hypoxic-ischemic
encephalopathy in neonates.

Limitations

Limitations of this study include that only calcium levels
were monitored with respect to asphyxia. As asphyxia is
multifactorial but calcium levels are the main contributing
electrolyte. Further studies with better research design and
evaluation of associated electrolytes should be conducted on
a larger sample size.
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