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 Clinico – biochemical correlation in Perinatal Asphyxia and its association with short term outcome




ABSTRACT

Background: Perinatal asphyxia is a leading cause of neonatal morbidity and mortality worldwide and is strongly associated with long – term neurological disabilities. According to the World Health Organization, an estimated 4 to 9 million infants are affected by perinatal asphyxia each year. Among these, approximately 1.2 million infants die, while a comparable number suffer from severe complications, including epilepsy, cerebral palsy, and developmental delays.
[bookmark: _Hlk201753701]Methods: This was a hospital – based, retrospective, study which included term neonates with perinatal asphyxia admitted in Neonatal Intensive Care Unit of Dhulikhel hospital from 1st January 2021 till 31st December 2022. The data was collected using maternal and neonatal hospital records and then entered on SPSS 25.0 for analysis after obtaining the ethical approval from the Institutional Review Committee.
Results: Out of the total 123 term neonates with perinatal asphyxia included in this study, a male preponderance of 82 (66.7%) was observed. Based on HIE staging, 29 (23.6%) were HIE stage I, 85 (69.1%) were HIE stage II and 9 (7.3%) belonged to HIE stage III. Seizures were present in 92 (74.8%) neonates; majority were of subtle type 53 (75.6%). Bradycardia, hypothermia, respiratory distress, and hypotonia were noted in 33 (26.8%), 32 (26%), 55 (44.7%), and 29 (23.6%) neonates, respectively. Among the neonates enrolled, 12 (9.75%) expired. Meconium stained liquor was seen in 47 (38.2%) of the neonates. Hyponatremia, hyperkalemia, hypocalcemia, and hypoglycemia were some of the common biochemical changes noted. Seizures, respiratory distress, bradycardia, and hypothermia were found to be statistically significant (P<.05) with increasing severity of HIE. There was also statistically significant difference in the outcome of babies depending upon the severity of HIE.
[bookmark: _Hlk203870872]Conclusion: Early diagnosis of hypoxic – ischemic encephalopathy is often challenging, as the clinical manifestations of perinatal asphyxia can overlap with other neonatal conditions. Despite these challenges, early prognostication is critical for effective parental counseling, clinical decision making, and the potential application of neuroprotective strategies. In the context of Nepal, there is a paucity of research examining the clinical and biochemical correlations of perinatal asphyxia. Therefore, the present study was undertaken to investigate the clinico – biochemical profile of neonates with perinatal asphyxia and to evaluate its impact on short – term outcome.
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INTRODUCTION

Perinatal asphyxia (PA) is a condition occurring during the first and second stages of labor, characterized by impaired gas exchange that leads to fetal acidosis, hypoxemia, and hypercarbia. It is diagnosed by evidence of fetal acidosis in umbilical arterial blood.1  Globally, PA ranks among the top twenty causes of death across all age groups and remains a major contributor to neonatal morbidity and mortality. Each year, approximately four million neonates experience significant oxygen deprivation during birth, with about 20 per 1,000 deliveries requiring resuscitation and showing biochemical or clinical signs of PA.2 In developed countries with advanced obstetric and neonatal care, PA affects roughly 1.5% of live births, with an inverse relationship to gestational age and birth weight.1

PA can affect all organ systems, potentially resulting in multiorgan dysfunction. However, hypoxic injury to the brain is of greatest concern, as it is the least likely to recover fully and often results in permanent neurological damage.3 Hypoxic – Ischemic Encephalopathy (HIE) resulting from perinatal asphyxia is the leading cause of acquired brain injury in the perinatal period which can lead to neonatal death or long – term neurological sequelae.4 The greatest burden of HIE lies in low – and middle – income countries (LMICs), where its incidence is estimated to be 10 – 20 times higher than in high – income countries.5 In high – income settings, the incidence ranges from 1 to 8 per 1,000 live births, while in LMICs, it may be as high as 26 per 1,000 live births.6

Birth asphyxia triggers a shift to anaerobic metabolism, resulting in decreased production of adenosine triphosphate (ATP), impaired function of ion pumps, and the accumulation of intracellular sodium, chloride, water, and calcium, along with increased extracellular potassium. This electrolyte imbalance negatively impacts the prognosis of asphyxiated neonates.1,7 In addition to the central nervous system (CNS), the kidneys are particularly vulnerable to hypoxic injury. PA can cause ischemia in the proximal tubules, leading to acute tubular necrosis (ATN) and acute renal failure (ARF), often evidenced by elevated serum urea and creatinine levels. Careful management of body temperature, electrolytes, blood glucose levels, and adequate oxygenation is essential in reducing the severity of ischemic damage.8

The prognosis and severity of symptoms in neonates with PA largely depend on the presence of risk factors and the quality of clinical management. With timely recognition and appropriate intervention, many cases of asphyxia can be anticipated or even prevented particularly when maternal and fetal risk factors are identified and addressed.9 Early detection of multiorgan dysfunction in PA is critical, as it enables intensive monitoring and targeted management, thereby improving neonatal outcomes. Hence, the present study was conducted to identify the risk factors, clinico – biochemical correlation in perinatal asphyxia and its effect on short term outcome in term neonates.

METHODOLOGY

[bookmark: _Hlk203946372]This hospital – based, retrospective, study included term neonates with perinatal asphyxia admitted in Neonatal Intensive Care Unit (NICU) of Dhulikhel hospital, Kathmandu University Hospital, Dhulikhel, Kavre, Nepal from 1st January 2021 till 31st December 2022. Ethical approval was obtained from the Institutional review board of Kathmandu University School of Medical Sciences (KUSMS – IRC) with approval number 232/23. The data was collected using institutional medical records (maternal and neonatal). To ensure confidentiality, all data were identifiable by the subject’s case number, which was recorded on the forms. Standardized data collection forms were used to record all data. 

[bookmark: _Hlk142522051]The inclusion criteria were term neonates (inborn or outborn) with gestational age of  > 37 weeks of gestation according to Modified Ballard Score admitted in the NICU of Dhulikhel hospital with perinatal asphyxia. Perinatal asphyxia was defined as neonates with no spontaneous breathing at birth and requiring assisted ventilation for more than 1 minute or neonates with APGAR score of less than 3 at 1 minute of life or less than 7 at 5 minutes of life. Preterm babies (< 37 weeks of gestation according to Modified Ballard Score), neonates born by caesarean section with general anesthesia and mother on sedatives (anticonvulsants, opioids) and neonates with congenital malformations and suspected inborn errors of metabolism were excluded from the study. 

Detailed history, examination findings and information of all the neonates with perinatal asphyxia including social demography, risk factors, comorbid conditions and relevant investigations were obtained from the institutional records and filled in the predesigned proforma. Detailed history regarding type and place of delivery, type of resuscitation required, any complication before/during delivery, onset and duration of seizure, and findings of clinical examination, with special reference to the central nervous system was noted. Clinical findings during the treatment in the hospital until discharge or death was recorded. Neurological findings like seizure, feeding problems, or neurological deficits were recorded. The biochemical parameters included hemoglobin, total leukocyte and differential counts and platelet count. blood glucose, calcium, sodium, potassium, LDH, urea, creatinine and arterial blood gas monitoring. HIE classification was done using Sarnat and Sarnat classification of HIE. All neonates with complete medical records were included. Data was analyzed using Statistical Package for the Social Sciences (SPSS) version 25.0. Descriptive statistics such as frequency and percentage were calculated. Inferential statistics, including the Chi – square test and Fisher’s exact test, were used to assess associations. A P – value of less than .05 was considered statistically significant.

RESULT
[bookmark: _Hlk203869965][bookmark: _Hlk204123810][bookmark: _Hlk204127670]The clinical profile of neonates with perinatal asphyxia are presented in Table 1. A total of 123 neonates with perinatal asphyxia were included in this study, with a male preponderance of 82 (66.7%), yielding a male-to-female ratio of 2:1. Most of the neonates, 72 (58.5%) were born via vaginal delivery and majority 95 (77.2%) were inborn (born at Dhulikhel hospital). Maximum,  84 (68.3%) of them presented at < 1 hours of life followed by 20 (16.3%) presenting at 1 – 6 hours of life.  Term and post – term neonates constituted 102 (82.9%) and 21 (17.1%) cases, respectively and the birth weight of most of the neonates 87 (70.7%) enrolled was between 2500 – 3500 gram. Delayed cry was present in 85 (69.1%) of the neonates and advanced neonatal resuscitation was required in 59 (48%).

According to HIE staging, 29 (23.6%) were HIE stage I, 85 (69.1%) were HIE stage II and 9 (7.3%) belonged to HIE stage III. Seizures were present in 92 (74.8%) neonates; majority were of subtle type 53 (75.6%). Among most of the asphyxiated neonates, in 70 (76%) the onset of seizure was within 24 hours of life and maximum 83 (90.2%) had multiple episodes of seizure. 81 (65.85%) of the neonates required polytherapy (more than one antiepileptic). Bradycardia, hypothermia, respiratory distress, hypotonia and hypertonia were noted in 33 (26.8%), 32 (26%), 55 (44.7%), 29 (23.6%) and 17 (13.8%) neonates, respectively. Inotropes and mechanical ventilation were required in 61 (49.6%) and 49 (39.8%) asphyxiated neonates, respectively. Out of the 123 asphyxiated neonates enrolled 111 (90.24%%) survived and were discharged while 12 (9.75%) expired.

Table 1: Clinical profile of neonates with birth asphyxia

	Clinical details
	Categories
	Frequency (n)
	Percentage (%)

	Gender

	Male
	82
	66.7

	
	Female
	41
	33.3

	Mode of delivery


	Vaginal delivery
	72
	58.5

	
	Caesarean section
	47
	38.2

	
	Instrumental delivery
	4
	3.3

	Delivery place
	Inborn
	95
	77.2

	
	Outborn
	28
	22.8

	Age at clinical presentation
	< 1 hour of life
	84
	68.3

	
	1 – 6 hours of life
	20
	16.3

	
	7 – 24 hours of life
	16
	13

	
	>24 hours of life
	3
	2.4

	Gestational age
	Term (37 – 42 weeks)
	102
	82.9

	
	Post term (> 42 weeks)
	21
	17.1

	Birth weight (gram)
	< 2500
	23
	18.7

	
	2500 – 3500 
	87
	70.7

	
	>3500
	13
	10.6

	APGAR score at 1 minute
	<3
	37
	30.08

	
	>3
	82
	66.67

	
	Not documented
	4
	3.25

	APGAR score at 5 minutes
	<5
	32
	26.02

	
	>5
	87
	70.73

	
	Not documented
	4
	3.25

	Delayed cry
	Present
	85
	69.1

	
	Absent
	38
	30.9

	Advanced neonatal resuscitation
	Required
	59
	48

	
	Not required
	64
	52

	HIE staging
	Stage I
	29
	23.6

	
	Stage II
	85
	69.1

	
	Stage III
	9
	7.3

	Seizure
	Present
	92
	74.8

	
	Absent
	31
	25.2

	Onset of seizure
	< 24 hrs
	70
	76

	
	>24 hours
	22
	24

	Seizure episode
	Single 
	9
	9.8

	
	Multiple
	83
	90.2

	Type of seizure
	Subtle
	53
	57.6

	
	Tonic
	14
	15.2

	
	Clonic
	2
	2.17

	
	Focal
	10
	10.9

	
	Generalized
	9
	9.8

	
	Mixed
	4
	4.34

	Antiepileptics required
	Monotherapy
	14
	11.38

	
	Polytherapy
	81
	65.85

	
	None
	28
	22.76

	Heart rate at birth
	Normal
	90
	73.2

	
	Bradycardia
	33
	26.8

	[bookmark: _Hlk202739823]Hypothermia
	Present 
	32
	26

	
	Absent
	91
	74

	Respiratory distress
	Present
	55
	44.7

	
	Absent
	68
	55.3

	Tone
	Normal
	77
	62.6

	
	Hypotonic
	29
	23.6

	
	Hypertonic
	17
	13.8

	[bookmark: _Hlk202739541]Inotropes required
	Yes
	61
	49.6

	
	No
	62
	50.4

	Mechanical ventilation
	Yes
	49
	39.8

	
	No
	74
	60.2

	Outcome
	Discharged
	111
	90.24

	
	Expired
	12
	9.75



[bookmark: _Hlk204129591][bookmark: _Hlk203870335]As shown in Table 2, meconium stained liquor was seen in 47 (38.2%) of the asphyxiated neonates. Other maternal risk factors like cord around the neck, prolonged second stage of labor, hypertension, malpresentation, and premature rupture of membrane (PROM > 18 hours) were present in 22 (17.9%), 20 (16.26%), 20 (16.26%), 14 (11.8%) and 10 (8.13%) cases respectively. 

Table 2: Risk factors associated with birth asphyxia

	Risk factors
	Frequency (n)
	Percentage (%)

	Meconium-stained liquor
	47
	38.2

	Prolonged second stage of labor
	20
	16.26

	Hypertension
	20
	16.26

	Gestational diabetes
	7
	5.7

	Hypothyroidism
	9
	7.32

	Multiple pregnancy
	3
	2.4

	Cord around the neck
	22
	17.9

	Cord prolapse
	7
	5.7

	Malpresentation
	14
	11.8

	Oligohydramnios
	8
	6.5

	Polyhydramnios
	3
	2.4

	APH
	8
	6.5

	PROM (>18 hrs)
	10
	8.13

	Maternal infections
	5
	4.06

	Other chronic maternal illness
	7
	5.7



[bookmark: _Hlk203870414]The biochemical profile of neonates with birth asphyxia are presented in Table 3. Acidosis (pH < 7.15), hyponatremia, hyperkalemia, hypocalcemia, and hypoglycemia were noted in 22 (17.9%), 24 (19.5%), 18 (14.6%), 45 (36.6%) and 17 (13.8%) of the asphyxiated neonates, respectively. Increased levels of urea, serum creatinine and Lactate dehydrogenase (LDH) were found in 12 (9.8%), 15 (12.2%) and 82 (66.7%) of the neonates, respectively. Among the asphyxiated neonates, anemia was seen in 25 (20.3%), leukocytosis in 30 (24.4%) and thrombocytopenia in 28 (22.8%).
Table 3: Biochemical profile of neonates with birth asphyxia
	Biochemical details
	Category
	Frequency (n)
	Percentage (%)

	pH
 
	<7.15
	22
	17.9

	
	>7.15
	101
	82.1

	Serum Sodium
(135 – 145 mEq/L)
	Normal
	95
	77.2

	
	Hypernatremia 
	4
	3.3

	
	Hyponatremia
	24
	19.5

	Serum Potassium
(3.5 – 5.5 mEq/L)
	Normal
	93
	75.6

	
	Hyperkalemia
	18
	14.6

	
	Hypokalemia
	12
	9.8

	Serum Calcium
(8.6 – 10.2 mg/dl)
	Normal
	78
	63.4

	
	Hypocalcemia
	45
	36.6

	Urea
(10 – 45 mg/dl)
	Normal
	111
	90.2

	
	Increased
	12
	9.8

	Serum creatinine
(0.4 – 1.1 mg/dl)
	Normal
	108
	87.8

	
	Increased 
	15
	12.2

	LDH
(170 – 580 U/L)
	Normal 
	41
	33.3

	
	Increased
	82
	66.7

	Blood sugar
(40 – 90 mg/dl)
	Normal
	99
	80.5

	
	Hyperglycemia
	7
	5.7

	
	Hypoglycemia
	17
	13.8

	Hemoglobin
(14 – 22 gm/dl)
	Normal
	94
	76.4

	
	Increased
	4
	3.3

	
	Decreased
	25
	20.3

	Total leukocyte count
(4000 – 11000/cumm)
	Normal
	85
	69.1

	
	Leukocytosis
	30
	24.4

	
	Leukopenia
	8
	6.5

	Platelets
(150000 – 400000/cumm)
	Normal
	92
	74.8

	
	Thrombocytosis
	3
	2.4

	
	Thrombocytopenia
	28
	22.8



[bookmark: _Hlk203870569][bookmark: _Hlk203866282]Various clinical and biochemical parameters were analyzed in relation to HIE staging and observations are shown in Table 4 and 5. Gender of neonates, mode of delivery, place of delivery, age at clinical presentation, gestational age and birth weight were not found to be statistically significant in association with different stages of HIE, While, seizures (P<.001), respiratory distress (P=.037), bradycardia (P<.001), hypothermia (P=.015) and change in tone (P<.001) were found to be statistically significant among different HIE stages increasing with the severity of HIE. Similiarly, APGAR score at 1 minute and 5 minutes, need of advanced neonatal resuscitation, requirement of inotropes and mehanical ventilation were all highly statistically significant (P<.001) in relation to HIE staging, all more prevalent in cases with HIE stage II and III. There was also statistically significant difference in the outcome of asphyxiated neonates with increasing severity of HIE (P=.009).

Table 4: Clinical profile of neonates and their correlation within HIE staging

	[bookmark: _Hlk202816036]Clinical details
	Category
	HIE 
stage I
	HIE 
stage II
	HIE 
stage III
	P value

	Gender
	Male
	19
	59
	4
	.316

	
	Female
	10
	26
	5
	

	Mode of delivery

	Vaginal delivery
	18
	48
	6
	
.944

	
	Caesarean section
	10
	34
	3
	

	
	Instrumental delivery
	1
	3
	0
	

	Place of delivery
	Inborn
	25
	65
	5
	.142

	
	Out born
	4
	20
	4
	

	Age at clinical presentation
	< 1 hour of life
	21
	57
	6
	
.403

	
	1 – 6 hours of life
	6
	14
	0
	

	
	7 – 24 hours of life
	2
	11
	3
	

	
	>24 hours of life
	0
	3
	0
	

	Gestational age
	Term (37 – 42 weeks)
	24
	72
	6
	.320

	
	Post term (> 42 weeks)
	5
	13
	3
	

	Birth weight (gram)
	< 2500
	5
	15
	3
	
.380

	
	2500 – 3500 
	22
	61
	4
	

	
	>3500
	2
	9
	2
	

	APGAR score at 1 minute
	<3
	1
	29
	7
	
<.001

	
	>3
	28
	53
	1
	

	
	No documentation
	0
	3
	1
	

	APGAR score at 5 minutes
	<5
	0
	25
	7
	
<.001

	
	>5
	29
	57
	1
	

	
	No documentation
	0
	3
	1
	

	Delayed cry
	Present
	28
	52
	5
	<.001

	
	Absent
	1
	33
	4
	

	Advanced neonatal resuscitation
	Required
	4
	48
	7
	
<.001

	
	Not required
	25
	37
	2
	

	Seizure
	Present
	1
	82
	9
	<.001

	
	Absent
	28
	3
	0
	

	Onset of seizure
	<24 hours
	0
	62
	8
	<.001

	
	>24 hours
	1
	20
	1
	

	Seizure episode
	Single 
	0
	8
	1
	<.001

	
	Multiple
	1
	74
	8
	

	Type of seizure
	Subtle
	1
	48
	4
	

<.001

	
	Tonic
	0
	12
	2
	

	
	Clonic
	0
	2
	0
	

	
	Focal
	0
	8
	2
	

	
	Generalized
	0
	8
	1
	

	
	Mixed
	0
	4
	0
	

	Antiepileptics required
	Monotherapy
	2
	11
	1
	
<.001

	
	Polytherapy
	1
	72
	8
	

	
	None
	26
	2
	0
	

	Heart rate
	Normal
	29
	57
	4
	<.001

	
	Bradycardia
	0
	28
	5
	

	Hypothermia
	Present 
	26
	61
	4
	.015

	
	Absent
	3
	24
	5
	

	Respiratory distress
	Present
	19
	33
	3
	.037

	
	Absent
	10
	52
	6
	

	Tone
	Normal
	28
	48
	1
	
<.001

	
	Hypotonic
	1
	21
	7
	

	
	Hypertonic
	0
	16
	1
	

	Inotropes required
	Yes
	3
	50
	8
	<.001

	
	No
	26
	35
	1
	

	Mechanical ventilation
	Yes
	1
	39
	9
	<.001

	
	No
	28
	46
	0
	

	Outcome
	Discharged
	29
	77
	5
	.009

	
	Expired
	0
	8
	4
	



[bookmark: _Hlk204130404]Of various biochemical tests, pH (P<.001), serum sodium level (P=.025), serum potassium level (P<.001), serum calcium level (P<.001), blood urea (P=.039), serum creatinine (P=.035), serum LDH (P<.001), total leukocyte count (P=.008) and platelet count (P=.030) were the parameters which differed significantly with various stages of HIE as demonstrated in Table 5. 
Table 5: Biochemical profile of neonates and their correlation within HIE staging

	Biochemical details
	Category
	HIE
stage I
	HIE
stage II
	HIE
stage III
	P value

	pH
 
	<7.15
	0
	16
	6
	<.001

	
	>7.15
	29
	69
	3
	

	Serum Sodium
(135 – 145 mEq/L)
	Normal
	27
	64
	4
	

.025

	
	Hypernatremia 
	0
	3
	1
	

	
	Hyponatremia
	2
	18
	4
	

	Serum Potassium
(3.5 – 5.5 mEq/L)
	Normal
	26
	66
	1
	

<.001

	
	Hyperkalemia
	2
	13
	3
	

	
	Hypokalemia
	1
	6
	5
	

	Serum Calcium
(8.6 – 10.2 mg/dl)
	Normal
	26
	51
	1
	<.001

	
	Hypocalcemia
	3
	34
	8
	

	Urea
(10 – 45 mg/dl)
	Normal
	28
	77
	6
	.039

	
	Increased
	1
	8
	3
	

	Serum creatinine
(0.4 – 1.1 mg/dl)
	Normal
	29
	72
	7
	.035

	
	Increased 
	0
	13
	2
	

	LDH
(170 – 580 U/L)
	Normal 
	28
	13
	0
	<.001

	
	Increased
	1
	72
	9
	

	Blood sugar
(40 – 90 mg/dl)
	Normal
	23
	71
	5
	
.124

	
	Hyperglycemia
	3
	3
	1
	

	
	Hypoglycemia
	3
	11
	3
	

	Hemoglobin
(14 – 22 gm/dl)
	Normal
	22
	67
	5
	
.059

	
	Polycythemia
	3
	1
	0
	

	
	Anemia
	4
	17
	4
	

	Total leukocyte count
(4000 – 11000/cumm)
	Normal
	24
	59
	2
	
.008

	
	Leukocytosis
	3
	21
	6
	

	
	Leukopenia
	2
	5
	1
	

	Platelets
(150000 – 400000/cumm)
	Normal
	24
	64
	4
	
.030


	
	Thrombocytosis
	2
	1
	0
	

	
	Thrombocytopenia
	3
	20
	5
	



DISCUSSION

PA is multifactorial, including obstetric risk factors like – maternal age, antenatal care, maternal comorbidities, primiparity, maternal fever, prolonged 2nd stage of labor, rupture of membrane, and place of delivery.9-11 Likewise neonatal related factors such as sex (being male), prematurity, low birth weight, and delayed presentation are all recognized to be associated with a poorer prognosis for survival in cases of PA.2,12 Even in the present study a male preponderance of 82 (66.7%) was noted, yielding a male-to-female ratio of 2:1. This is in accordance to various studies done in Nepal, India, Pakistan, Nigeria and Ethiopia.10,11,13-15
In contrast to these studies a study done by Saeed et al in Pakistan showed a female preponderance among asphyxiated newborns.16 
In our study, majority, 72 (58.5%) were born via vaginal delivery and 95 (77.2%) were inborn. Most of the neonates,  84 (68.3%) presented at < 1 hours of life followed by 20 (16.3%) presenting at 1 – 6 hours of life.  Term and post – term neonates constituted 102 (82.9%) and 21 (17.1%) cases, respectively and the birth weight of most of the neonates 87 (70.7%) was between 2500 – 3500 gram. The mode of delivery, place of delivery, age at clinical presentation, gestational age and birth weight did not show a statistically significant corelation with the degree of severity of HIE in the current study. This was in contrast with other studies where caesarean section, outborn neonates, delayed age of presentation, prematurity and low birth were found to be associated with poor prognosis and survival in asphyxiated neonates.11,15,17,18

Most prevalent maternal risk factors identified in this study were meconium stained liquor, cord around the neck, prolonged second stage of labor, hypertension, malpresentation, and premature rupture of membrane (PROM > 18 hours) which were documented in 47 (38.2%), 22 (17.9%), 20 (16.26%), 20 (16.26%), 14 (11.8%) and 10 (8.13%) cases respectively. Similar results were also documented in several studies done in India, Pakistan and Nigeria 8-10,15,19 Maternal factors have been associated with an increased risk of birth asphyxia. These conditions can impair oxygen delivery to the fetus, increasing the likelihood of hypoxic events during labor and delivery. Early screening and effective management of these maternal conditions are critical steps in reducing the incidence and severity of birth asphyxia and improving neonatal outcomes.

Among the neonates enrolled in the present study, 29 (23.6%) were HIE stage I, 85 (69.1%) were HIE stage II and 9 (7.3%) belonged to HIE stage III. A poorer outcome was noted in neonates with HIE stage II and III. Clinical parameters like low APGAR score at 1 minute and 5 minutes, delayed cry, need of advanced neonatal resuscitation, presence of bradycardia, hypothermia, respiratory distress, seizures, early onset of seizure (< 24 hours of life), multiple episodes of seizure, polytherapy requirement for control of seizures, requirement of inotropes and need of mechanical ventilation showed a statistically significant corelation with the degree of severity of HIE indicating a poorer outcome and prognosis. These findings were similar to various studies done in Nepal, India, Nigeria and West Indies.8,12,19-21 Increase in morbidity and mortality occurred in stages II and III of HIE, showing that once severe hypoxia occurs, treatment cannot be very effective, so more attention needs to be paid on early assessment and intervention, during which intervention might be efficacious in reducing severity of brain damage. 

The most common biochemical derrangements observed among the asphyxiated neonates in the present study were, increased LDH level (66.7%), hypocalcemia (36.6%), leukocytosis (24.4%), thrombocytopenia (22.8%), anemia (20.3%), hyponatremia (19.5%), acidosis (pH < 7.15) (17.9%), hyperkalemia (14.6%), hypoglycemia (13.8%), increased creatinine (12.2%) and urea level (9.8%). Alterations in pH, serum sodium level, serum potassium level, serum calcium level, blood urea, serum creatinine, serum LDH, total leukocyte count and platelet count were found to have significant corelation with the degree of severity of HIE. These findings are comparable with other studies done in Nepal, India and Pakistan.8,10,21-23 In this study, the severity of hyponatremia, hypocalcemia, and hyperkalemia was found to be directly proportional to the degree of hypoxic-ischemic encephalopathy (HIE), indicating a strong correlation between electrolyte imbalances and disease progression, which may lead to seizures and various metabolic abnormalities. Calcium, functioning as a crucial second messenger, plays an essential role in activating numerous cofactors involved in enzymatic processes and muscle contraction. Therefore, early diagnosis and appropriate management of fluid and electrolyte disturbances are vital for improving outcomes and preventing complications in neonates with HIE.

Limitations
Since this is a retrospective study, there is a possibility of information bias due to incomplete recorded data. Additionally, being a single-center study, the findings may not be generalizable to the broader population. Therefore, the observed clinico-biochemical profile of perinatal asphyxia among term neonates in this study may not fully represent the patterns seen in other regions or healthcare settings.

CONCLUSION
Perinatal asphyxia is one of the leading causes of neonatal mortality, with consequences that extend beyond death. It often results in severe hypoxic-ischemic organ damage, leading to long-term physical, cognitive, and social impairments in affected newborns. In our study, hypoxic – ischemic neonates with multiple episodes of seizures, respiratory distress, need for advanced resuscitation, biochemical derrangements including dyselectrolytemia were more likely to present with increasing severity of disease, highlighting the importance of monitoring and correcting electrolyte imbalances early. Many of the risk factors for PA are preventable through appropriate antenatal care and timely, active management during labor. Furthermore, effective neonatal resuscitation combined with the prompt correction of biochemical derrangements can significantly contribute to reducing neonatal mortality and minimizing long – term neurological sequelae.
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