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Abstract:

Objectives: Perinatal asphyxia is a leading cause of neonatal morbidity and mortality. It is defined as a condition
resulting from impaired gas exchange during labor and delivery, leading to fetal hypoxemia, hypercarbia, and
metabolic acidosis. The present study was to correlate the serum calcium levels with severity of neonates with
Hypoxic Ischemic Encephalopathy.

Methods: Babies were divided in to two groups. Group A mild grade birth asphyxia corresponding to stage 1
sarnat and sarnat staging and group B moderate to severe birth asphyxia corresponding to grade 2 and 3 of sarnat
and sarnat staging of hypoxic ischemic encephalopathy. Laboratory investigations were done including
hemoglobin, total count, Differential count, serum sodium potassium and calcium. Serum total calcium was
estimated in auto-analyzer.

Results: Mean weight of the babies in study was 2.34 + 0.61 kg. Out of total 95 birth asphyxia babies,
hypocalcemia was present in 32(33.68%) neonates. Out 70 neonates of group A, 20(28.57%) neonates had
hypocalcemia. Similarly, out of 25 neonates of group B, 12(48%) neonates had hypocalcemia. It was not
statistically significant differenced (p=0.813). One (5%) neonate was expired among 20 mild HIE hypocalcemic
neonates of group A. similarly among 12 hypocalcemic neonates of group B, 5 neonates (41.675%) were expired.
Out of 32 hypocalmic neonates, 6(18.75%) neonates were expired.

Conclusions: Hypocalcaemia is very common in HIE neonates. Mortality rate is greater in moderate to severe
HIE neonates as compared to mild HIE hypo calcaemic neonates.
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Introduction

Perinatal asphyxia is a leading cause of neonatal
morbidity and mortality. It is defined as a condition
resulting from impaired gas exchange during labor
and delivery, leading to fetal hypoxemia,
hypercarbia, and metabolic acidosis [1].

Globally, hypoxia of the newborn is estimated to
account for 23% of the 4 million neonatal deaths
each year [2]. An estimated 1 million children who
survive from birth asphyxia live with chronic
neurodevelopmental morbidities, including cerebral
palsy, mental retardation, and learning disabilities.
Perinatal asphyxia is defined by the World Health
Organization (WHO) as the failure to initiate and
sustain breathing at birth. The WHO definition of
birth asphyxia in the International Classification of
Diseases (ICD-10) is based on the Apgar scoring
system. An Apgar score at 1 min of 0-3 defines
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severe birth asphyxia and an Apgar score of 4-7
defines mild and moderate birth asphyxia [3].

Severe cases may progress to hypoxic ischemic
encephalopathy (HIE), a serious neurological
sequela associated with long-term
neurodevelopmental impairment and significant
socioeconomic burden [4]. Birth asphyxia is
frequently associated with multiple metabolic
derangements, including hypoglycemia,
hypocalcemia, hyponatremia, hyperphosphatemia,
and metabolic acidosis [5].

Calcium is an essential element involved in
numerous physiological processes, including
neuromuscular function and enzymatic activity.
During fetal life, calcium is actively transported
across the placenta, resulting in higher fetal calcium
levels compared to maternal levels [6]. After birth,
the sudden cessation of placental calcium transfer
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leads to a transient decline in serum calcium levels
[7]. In neonates with perinatal asphyxia, this
physiological adaptation may be disrupted,
increasing the risk of hypocalcemia, which can
contribute to neuromuscular irritability and seizures

[8].

Hypocalcemia occurs with increased frequency in
neonates with birth asphyxia [9]. Hypocalcemia in
asphyxiated infants may trigger seizures or may
compromise  cardiovascular  function  with
deleterious consequences [10]. The present study
was to correlate the serum calcium levels with
severity of neonates with Hypoxic Ischemic
Encephalopathy.

Material & Methods

The present study was conducted in the Department
of Pediatrics, Jan Nayak Karpoori Thakur Medical
College & Hospital, Madhepura, Bihar, India during
a period from September 2025 to January 2026.

Inclusion Criteria: Babies with APGAR score of
less than 7 at 5 minute and only in born babies were
included in the study.

Exclusion Criteria: Babies with congenital cardio
pulmonary malformation, those born mother with
diabetes mellitus and hypertension treated with
diuretics, general anaesthesia, phenobarbitone,
pethidine, magnesium sulphate and other drugs
likely to cause depression.
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Hypocalcemia is defined as total serum calcium of
less than 7 mg/dL (1.75 mmol/L) or ionized calcium
less than 4 mg/dL (1 mmol/L) in preterm infants and
less than 8 mg/dL (2 mmol/L; total) or <1.2 mmol/L
(ionic) in term neonates. Babies were divided in to
two groups. Group A mild grade birth asphyxia
corresponding to stage 1 sarnat and sarnat staging
and group B moderate to severe birth asphyxia
corresponding to grade 2 and 3 of sarnat and sarnat
staging of hypoxic ischemic encephalopathy.

Cases were selected based on inclusion criteria and
detailed clinical examination was done and physical
findings were recorded on pre designed proforma.
Blood sample was collected and following
investigations were done hemoglobin, total count.
Differential count, serum sodium potassium and
calcium. Serum total calcium was estimated in auto-
analyzer.

Statistical Analysis: Data was analysed with the
help of SPSS version 26 software. Mean and
standard deviation were observed. Chi-squared test
was applied. P-value was taken less than or equal to
0.05 (p<0.05) for significant differences.

Results

A total of 95 neonates had birth asphyxia were
enrolled in the study. Group A had 70 babies mild
birth asphyxia and in Group B had 25 babies
moderate to severe birth asphyxia. Out of 95 babies,
54 were male and 41 were female. Mean weight of

Methods the babies in study was 2.34 + 0.61 kg.
Table 1: Showing the HIE neonates.
Group Staging HIE Number of cases (N=95) | Serum calcium levels P-
(Mean £ S.D.) value
Group A Mild 70(73.68%) 6.98 £1.98
Group B Moderate to Severe 25(26.32% 7.05£2.0 0.808

Out of 95 birth asphyxia babies, hypocalcemia was
present in 32(33.68%) neonates. Out 70 neonates of
group A, 20 (28.57%) neonates had hypocalcemia.

Similarly, out of 25 neonates of group B, 12(48%)
neonates had hypocalcemia. It was not statistically
significant differenced (p=0.813).

Table 2: Showing the hypocalcemia in HIE neonates.

Group Hypocalcemia

Serum calcium levels (Mean + S.D.) | P-value

Group A (Mild HIE) (N=70)

20(28.57%)

5.82+0.91

Group B (Moderate to severe HIE | 12(48%)
(N=25)

5.78+1.38 0.813

One (5%) neonate was expired among 20 mild HIE
hypocalcemic neonates of group A. similarly among
12 hypocalcemic neonates of group B, 5 neonates

(41.675%) were expired. Out of 32 hypocalmic
neonates, 6(18.75%) neonates were expired.

Table 3: Showing the mortality in hypocalcemic neonates.

Group Hypocalcemia Deaths in hypocalcemia
Group A (Mild HIE) 20 1(5%)

Group B (Moderate to severe HIE) | 12 5(41.67%

Total 32 6(18.75%)
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Discussions

Birth asphyxia is one of the leading causes of
neonatal morbidity and mortality, particularly in
low- and middle income countries. It results from a
lack of oxygen (hypoxia) and/or inadequate blood
flow (ischemia) to the foetus or newborn during the
perinatal period. This critical condition can lead to
multi-organ dysfunction and has profound effects on
the neonatal metabolic profile, including
disturbances in electrolyte levels such as calcium.
The evaluation of calcium homeostasis, especially
both total serum calcium and ionized calcium, is
essential in understanding the biochemical
consequences of birth asphyxia and guiding
appropriate clinical interventions [11]. Neonatal
hypocalcemia is a common biochemical
abnormality observed in asphyxiated neonates. It
can occur early (within the first 72 hours) or late
(after 72 hours) and often presents without specific
clinical symptoms, making routine biochemical
monitoring indispensable. Calcium plays a vital role
in cellular signaling, muscle contraction,
neurotransmitter release, and cardiac rhythm
regulation. The two primary components of serum
calcium include total calcium, which comprises both
bound and unbound fractions, and ionized calcium,
which is the biologically active and physiologically
significant component. Of the total calcium present
in serum, approximately 50% exists in the ionized
form, 40% is protein-bound (mostly to albumin),
and the remaining 10% is complexed with anions
[12]. Birth asphyxia leads to a cascade of metabolic
derangements, including hypoxia-induced acidosis
and disturbances in parathyroid hormone function,
which are implicated in the pathogenesis of
hypocalcemia. The hypoxic state impairs calcium
mobilization from bones and reduces intestinal
calcium absorption, while also causing an increase
in phosphate levels that further suppress calcium
concentrations. Moreover, the stress response to
asphyxia, accompanied by elevated catecholamines
and glucocorticoids, contributes to altered calcium
metabolism. These changes are more effectively
reflected by measuring ionized calcium levels,
which are more sensitive to acute physiological
variations than total serum calcium [13]. Clinical
and biochemical profiling of neonates with birth
asphyxia has shown significant derangements in
electrolytes, particularly calcium and glucose levels.
Early identification and correction of these
abnormalities are critical to improving outcomes in
affected neonates. Studies have suggested that
hypocalcemia in birth asphyxia may worsen the
neurological status by exacerbating seizure activity
and contributing to cardiac dysfunction [14].

In the present study hypocalcemia was present in
32(33.68%) cases of total 95 hypoxic ischemic
encephalopathic cases. In Onyiriuka study, the
overall prevalence (22.6%) of early-onset neonatal
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hypocalcaemia in birth asphyxia cases [15].
Behrman et al, in 1974 in USA compared the serum
calcium levels of 42 neonates with birth asphyxia
with 42 control neonates, matched for gestational
age and sex. Neonates with asphyxia had lower
serum calcium levels at 12 and 24 hours of life [16].
Petersen et al. (1981), described hypocalcemia in
asphyxiated infants with more severe degrees of
asphyxia [17]. Jajoo et al showed a significant low
serum calcium levels in asphyxiated babies than
controls [10].

In the present study moderate to severe HIE cases
with hypocalcemia had more mortality rate
(41.67%) than compared to mild cases of HIE (5%).

Lila A et al, study concluded that significant
correlation between severity of HIE and decreased
serum levels ionized calcium, significant relation
between decreased serum levels ionized calcium
decreased survival rate [18].

Numerous metabolic derangements exist in
asphyxiated newborns such as hypoglycemia,
hypocalcemia, hypomagnesemia, etc. [19,21]. In the
present study, the levels of calcium in the blood were
decreased in newborns who had birth asphyxia.
These results are consistent with Manzke and Kruse
[20] 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. [10] 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.

Conclusions

The present study concluded that the hypocalcaemia
is very common in HIE neonates. Mortality rate is
greater in moderate to severe HIE neonates as
compared to mild HIE hypo calcaemic neonates.

References

1. Eichenwald EC, Hansen AR, Martin CR, Stark
AR. Chapter55: Perinatal asphyxia & Hypoxic
Ischemic Encephalopathy, Cloherty and Stark’s
Manual of neonatal care; Eighth edition, 2017

2. Lawn JE, Cousens S, Zupan J. Lancet Neonatal
Survival Steering Team. 4 million neonatal
deaths: When? Where? Why? Lancet 2005; 365
(9462): 891-900.

3. Institutional Statistical Classification of
Diseases and Related Health Problems 10th
Revision (ICD- 10) WHO Version 2016; 21.

4. 4Rasania M, Patel P, Chandna S, Pathak S,
Shravya GL, Shah BB, et al. Clinical profile and
outcome of term asphyxiated neonates in
neonatal ICU of rural India. International

International Journal of Current Pharmaceutical Review and Research

740



International Journal of Current Pharmaceutical Review and Research

10.

11.

12.

13.

Ranjan et al.

Journal of Health Sciences,2022;6(S3):1684—
1695.

Cloherty JP, Eichenwald EC, Hansen AR, Stark
AR. Manual of Neonatal Care. 8th ed.
Philadelphia: Wolters Kluwer; 2017.

Tsang RC, Donovan EF, Steichen JJ. Calcium
physiology and pathology in the neonate.
Pediatr Clin North Am 1976;23:611 26

Tsang RC, Light 1J, Sutherland JM, Kleinman
LI. Possible pathogenetic factors in neonatal
hypocalcemia of prematurity. The role of
gestation, hyperphosphatemia,
hypomagnesemia, urinary calcium loss, and
parathormone responsiveness. J Pediatr 1973;
82:423-9

Jain A, Agarwal R, Sankar MJ, Deorari AK,
Paul VK. Hypocalcemia in the newborn. Indian
J Pediatr. 2010;77(10):1123—-1128.

Tsang RC, Light 1J, Sutherland JM, Kleinman
LI. Possible pathogenetic factors in neonatal
hypocalcemia of prematurity: The role of
gestation, hyperphosphatemia,
hypomagnesemia, urinary calcium loss, and
parathormone responsiveness. J Pediatr. 1973;
82(3):423-9.

Jajoo D, Kumar A, Shankar R, Bhargava V.
Effect of birth asphyxia on serum calcium levels
in neonates. Indian J Pediatr. 1995;62(4):455—
9.

Widmer M, Piaggio G, Nguyen TMH, Osoti A,
Owa OO, Misra S, et al. Heat-stable carbetocin
versus oxytocin to prevent hemorrhage after
vaginal birth. N Engl J Med. 2018;379(8):743—
52.

Perlman JM. Markers of asphyxia and neonatal
brain injury. N Engl J Med. 1999;341(5):364—
5.

Sankar MJ, Natarajan CK, Das RR, Agarwal R,
Chandrasekaran A, Paul VK. When do
newborns die? A systematic review of the
timing of overall and cause specific neonatal

14.

15.

17.

19.

20.

21.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

deaths in developing countries. J Perinatol.
2016;36(S1):S1-4.

Shah S, Mishra PK, Goel AK. Clinico-
biochemical profile of birth asphyxia in
neonates of western Odisha. Indian J Child
Health. 2014;1(3):114-8.

Alphonsus N. Onyiriuka. Prevalence of
Neonatal Hypocalcaemia Among Full-Term
Infants With Severe Birth Asphyxia. Pacific
Journal of Medical Sciences 2011; 8(1): 4-12.

. Behrman R.E. , Tsang R.C, Chen I, Hayes W,

Atkinson W. Neonatal hypocalcemia in infants
with birth asphyxia. Journal of Pediatrics.
[Online] 1974; 84 (3): 428-433.

Petersen S, Christensen NC, Fogh-Andersen N.:
Effect on serum calcium of 1 hydroxy-vitamin
D3 supplementation in infants of low birth
weight, infants with perinatal asphyxia, and
infants of diabetic mothers. Acta Paediatr Scand
1981; 70: 897 901.

. Jajoo D, Kumar A, Shankar R, Bhargava V.

Effect of birth asphyxia on serum calcium levels
in neonates. Indian J Pediatr 1995; 62: 455-459.
Lila A, Abdrabuo, Ahmed M. Ismail, Ahmed H.
Elsayed, Gamal A. Alkheshen, and Mohamed
A. Ibrahim. Ionized Serum Calcium and Serum
Total Magnesium, Predicts Outcome in
Neonatal Hypoxic-Ischemic Encephalopathy.
Nature and Science 2015;13(3): 127-131.
Zaman R, Mollah AH, Chowdhury MMR,
Yeasmin S, Chowdhury AS, Saha D. Serum
magnesium and calcium status among term
asphyxiated newborns with moderate to severe
hypoxic-ischemic encephalopathy (HIE). J
Dhaka Med Coll. 2017; 26(2):148-52.
Mrelashvili, A., Russ, J.B., Ferriero, D.M. et al.
The Sarnat score for neonatal encephalopathy:
looking back and moving forward. Pediatr Res
2020; 88: 824-825. https://doi.
org/10.1038/s41390-020-01143-5

International Journal of Current Pharmaceutical Review and Research

741



