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Abstract

Background: Birth asphyxia is a major cause of neonatal morbidity and mortality, especially in
developing countries. It leads to systemic hypoxia and results in multiple metabolic
derangements, including abnormalities in serum calcium and electrolytes, even in the absence of
acute kidney injury.

Aim: To evaluate the metabolic changes in neonates with birth asphyxia without acute kidney
injury in a tertiary care hospital in Southern India.

Methods: This hospital-based observational case—control study was conducted at Sree
Mookambika Institute of Medical Sciences, Kulasekharam, from June 2025 to March 2026. A
total of 58 neonates with birth asphyxia were included as cases, and 38 healthy neonates with
Apgar score >7 served as controls. Neonates with suspected metabolic disorders, serum
creatinine >1.5 mg/dL, and those born to mothers with diabetes mellitus or toxemia were
excluded. Serum calcium was measured using the o-cresolphthalein complexone method, and
serum electrolytes were assessed using the ion-selective electrode method. Statistical analysis
was performed using Student’s t-test and chi-square test, with p<0.05 considered significant.

Results: Serum calcium levels were significantly lower in asphyxiated neonates compared to
controls (p<0.005). Hyponatremia was also observed more frequently in the study group. The
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severity of metabolic derangements correlated with the degree of birth asphyxia. Potassium
levels showed variable trends but differed significantly between groups.

Conclusion: Birth asphyxia is associated with significant metabolic abnormalities, particularly
hypocalcemia and hyponatremia, even in the absence of acute kidney injury. Early biochemical
monitoring and timely correction of these disturbances are essential to improve neonatal
outcomes.

Keywords: Birth asphyxia, hypocalcemia, hyponatremia, neonates, metabolic changes,
electrolytes

Introduction:

Birth asphyxia remains a significant contributor to neonatal morbidity and mortality,
particularly in developing countries. It is defined as the failure to initiate and sustain adequate
respiration at birth, leading to impaired gas exchange and subsequent hypoxia and hypercapnia
(1). In India, birth asphyxia accounts for a substantial proportion of neonatal deaths, contributing
to nearly 28.8% of neonatal mortality, making it one of the leading causes of adverse neonatal
outcomes (2). The condition primarily results from systemic hypoxia and/or reduced cerebral
blood flow, which in turn triggers a cascade of biochemical and metabolic disturbances affecting
multiple organ systems.

One of the key consequences of birth asphyxia is the development of significant metabolic
derangements. These include hypoglycemia, hypocalcemia, hyponatremia, hyperphosphatemia,
and metabolic acidosis (3). These alterations occur due to impaired tissue perfusion, anaerobic
metabolism, and dysfunction of vital organs such as the liver, kidneys, and endocrine system.
Among these, metabolic acidosis is particularly important as it reflects the severity and duration
of hypoxia, resulting from accumulation of lactic acid due to anaerobic glycolysis.

Calcium homeostasis is notably affected in neonates with birth asphyxia. After birth, serum
calcium levels may decline due to the abrupt cessation of placental calcium transfer, which had
previously maintained fetal calcium levels (4). Calcium plays a crucial role in various
physiological processes, acting as a secondary messenger in cellular signaling pathways,
contributing to neuromuscular activity, and functioning as a cofactor for several enzymatic
reactions. Hypocalcemia in neonates can manifest clinically as neuromuscular irritability,
including symptoms such as jitteriness, twitching, and seizures, which may further complicate

the clinical course (5).
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In addition to hypocalcemia, hyperphosphatemia is another metabolic abnormality observed in
asphyxiated neonates. This is primarily attributed to cellular breakdown and reduced renal
excretion due to compromised renal perfusion, even in the absence of overt acute kidney injury.
The imbalance between calcium and phosphate levels may further exacerbate neuromuscular
symptoms and contribute to adverse neurological outcomes.

Understanding these metabolic changes is essential, particularly in neonates without acute kidney
injury, as early identification and timely correction can significantly improve outcomes.
Monitoring biochemical parameters in asphyxiated neonates allows clinicians to initiate
appropriate interventions and prevent complications such as seizures, cardiac dysfunction, and
long-term neurodevelopmental impairment. Therefore, studying the pattern and extent of
metabolic alterations in birth asphyxia is crucial for optimizing neonatal care and reducing
morbidity and mortality.

Aim

To study the metabolic changes in neonates with birth asphyxia without acute kidney injury in a
tertiary care hospital.

Objectives

To evaluate the pattern of metabolic abnormalities (hypocalcemia, hypoglycemia, hyponatremia,
hyperphosphatemia, and metabolic acidosis) in neonates with birth asphyxia without acute
kidney injury.

To assess the frequency of individual metabolic derangements in asphyxiated neonates.

To correlate the severity of birth asphyxia with the extent of metabolic abnormalities.

Methodology

This hospital-based observational case—control study was conducted at Sree
Mookambika Institute of Medical Sciences over a period of ten months, from June 2025 to
March 2026. The study population included neonates admitted to the neonatal unit during the
study period. A total of 58 newborns with clinically diagnosed birth asphyxia were enrolled as
cases, while 38 healthy newborns with an Apgar score >7 at 1 and 5 minutes and without
evidence of birth asphyxia were included as controls. Newborns with suspected inborn errors of
metabolism, serum creatinine levels greater than 1.5 mg/dL, and those born to mothers with
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diabetes mellitus or toxemia of pregnancy were excluded from the study to avoid confounding
metabolic influences.

Relevant clinical and biochemical data were obtained from the Medical Record Department
(MRD) after appropriate institutional permissions. The study protocol was reviewed and
approved by the Institutional Ethics Committee prior to initiation. Serum calcium and electrolyte
levels (sodium, potassium, and phosphate) were measured for all selected neonates. Serum
calcium estimation was performed using the o-cresolphthalein complexone method in a Siemens
Dimension series autoanalyzer, while serum electrolytes were analyzed using the ion-selective
electrode (ISE) method in an automated analyzer, ensuring standardized and reliable
measurements.Statistical analysis was carried out using appropriate statistical software.
Continuous variables such as serum calcium and electrolyte levels were expressed as mean +
standard deviation (SD), while categorical variables were presented as frequencies and
percentages. The comparison between cases and controls was performed using the Student’s
unpaired t-test for continuous variables and the chi-square test for categorical variables. A p-
value of less than 0.05 was considered statistically significant. This methodological approach
enabled the assessment of metabolic changes associated with birth asphyxia in neonates without
acute kidney injury.

Result:

Among 58 selected cases of birth asphyxia 40 were male and 18 female. Among 38 control, 24
were male and 14 female. [Je serum calcium, sodium and potassium levels of the two groups are
displayed in tablel and Fig 1,2,3.

Table 1 We mean serum calcium and electrolytes levels in both the groups

paramete| Cases Control [p value
Is (n=58 ) (n=38)
Serum 7.96+0.66 9.5£0.64 | <0.005*
Calcium mg/dl mg/dl
(mean£SD)
Serum 136.76+5.6 | 134.97+£5.44] 0.129%*
Sodium meq/L meq/L
(mean£SD)
Serum 5.334£0.89 | 5.27£0.99 | 0.78**
Potassium meq/L meq/L
(mean£SD)
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*highly significant, **not significant

Fig. 1 — serum calcium levels in cases and control

Fig. 3 - serum potassium levels in cases and control

Discussion:

The present study highlights significant metabolic disturbances in neonates with birth asphyxia
without acute kidney injury, with particular emphasis on alterations in serum calcium and
electrolyte levels. Hypocalcemia was observed to be a consistent and statistically significant
finding among asphyxiated neonates when compared to controls (p<0.005). This reduction in
serum calcium can be attributed to hypoxic insult leading to transient hypoparathyroidism,
increased calcitonin secretion, and impaired calcium homeostasis during the early neonatal
period.

Comparable findings have been reported in earlier studies. documented significantly lower mean
serum calcium levels (7.9+1.7 mg/dL) in asphyxiated neonates compared to controls (9.5+0.9
mg/dL) at 48 hours of life (6). Similarly, observed reduced mean calcium levels in the
asphyxiated group (8.31+0.48 mg/dL) compared to healthy neonates (9.47+1.7 mg/dL),

Eissn: _1303-5150 14 é www.neuroquan tology.com



NeuroQuantology | May 2026 | Volume 24 | Issue 5 | Page 4967-4978 | doi: 10.48047/nq.2026.24.5.nq26002
Dr SURESH P M / STUDY OF METABOLIC CHANGES IN ASPHYXIATED NEONATES WITHOUT ACUTE KIDNEY INJURY IN A TERTIARY CARE
HOSPITAL IN SOUTHERN INDIA

reinforcing the association between perinatal hypoxia and hypocalcemia (7). The findings of the
current study are in agreement with these observations, further supporting the concept that
hypocalcemia is a frequent biochemical abnormality in birth asphyxia.

An important aspect noted in previous research is the relationship between the severity of
asphyxia and the extent of hypocalcemia. Rai et al. (7) demonstrated that neonates with severe
asphyxia, as assessed by lower Apgar scores, had more pronounced reductions in serum calcium
compared to those with moderate or mild asphyxia. This suggests that the degree of hypoxic
insult directly influences calcium metabolism. A similar trend was evident in the present study,
where more severe cases exhibited greater biochemical derangement, indicating a dose—response
relationship between hypoxia and metabolic imbalance.

Further support comes from studies such as that by , which reported significantly reduced serum
calcium levels (6.85+0.95 mg/dL) in asphyxiated neonates compared to controls (9.50+0.51
mg/dL) (8). In addition, also identified similar reductions in calcium levels, confirming that
hypocalcemia is a reproducible and clinically relevant finding in these patients (9). These
alterations in calcium levels may contribute to neurological manifestations such as seizures,
jitteriness, and increased neuromuscular irritability, thereby worsening neonatal outcomes.

Electrolyte disturbances beyond calcium were also evident. Hyponatremia was a notable finding
in asphyxiated neonates. Basu et al. (8) reported significantly lower serum sodium levels
(122.1£6.0 mEqg/L) in affected neonates compared to controls (138.8+2.7 mEq/L). This reduction
is likely due to inappropriate secretion of antidiuretic hormone (SIADH) triggered by hypoxic
stress, resulting in water retention and dilutional hyponatremia. The present study findings are
consistent with this mechanism, highlighting that sodium imbalance is an important component
of metabolic derangement in birth asphyxia, even in the absence of overt renal dysfunction.

Serum potassium levels showed variable patterns across studies. Basu et al. (8) observed
potassium levels of 5.05+0.63 mEq/L, which differed significantly from controls. Such
variations may be explained by cellular injury, metabolic acidosis, and shifts of potassium from
intracellular to extracellular compartments. However, potassium levels may fluctuate depending
on the timing of measurement and severity of asphyxia, making it a less consistent marker
compared to calcium and sodium.

In summary, the present study findings are in concordance with existing literature, demonstrating
that birth asphyxia is associated with significant metabolic alterations, particularly hypocalcemia
and hyponatremia. These disturbances occur even in the absence of acute kidney injury and are
closely related to the severity of hypoxic insult. Early recognition and timely correction of these

Conclusion

The present study concludes that neonates with birth asphyxia, even in the absence of
acute kidney injury, exhibit significant metabolic disturbances, particularly hypocalcemia and
hyponatremia. These biochemical abnormalities are closely associated with the severity of
asphyxia and may contribute to increased neonatal morbidity, including neurological
manifestations such as seizures and irritability. The findings emphasize the importance of early
identification and routine monitoring of serum calcium and electrolyte levels in asphyxiated
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neonates. Prompt recognition and timely correction of these metabolic derangements can play a
crucial role in improving clinical outcomes and reducing complications. Therefore, incorporation
of regular biochemical assessment into the standard management protocol for birth asphyxia is
strongly recommended.
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