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Abstract

Background: Perinatal asphyxia contributes to almost 29% of neonatal deaths in developing countries as most of the deliveries occur in 
rural areas and are unattended. The outcome of most of the deliveries is not encouraging in spite of standard guidelines. Objectives: To study 
the different spectrum of clinical presentation of birth asphyxia and its biochemical derangements. Materials and Methods: This was a 
prospective, hospital-based study conducted from September 2005 to March 2008 comprising of 58 term neonates admitted to neonatal 
intensive care unit with definite history suggestive of perinatal hypoxic insult. Compilation of history, clinical features, and relevant 
investigations (random blood sugar, serum creatinine, blood urea and serum electrolytes) were done, and the results were analyzed by 
using Medcalc software version 12. Results: Vaginal delivery was more common across all the stages. Abnormal neonatal reflex was a 
common feature in all babies except hypoxic-ischemic encephalopathy (HIE) I. Convulsion, mostly multifocal seizures was present in all 
HIE II babies where as only 22.2% babies had seizure in HIE III. Congestive heart failure (55.17%) and Oliguria was present in HIE III 
(77.8%) and 22 cases (37.9%) developed acute kidney injury. Hypoglycemia was observed with increasing severity of asphyxia (HIE III 
26.67 ± 2.78). Serum urea, creatinine and potassium increased significantly in HIE  III whereas calcium and sodium were decreased. 
Conclusion: The combination of clinical and supportive laboratory parameters can be used for monitoring of patients to guide early 
intervention to decreases morbidity and mortality.
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Birth asphyxia is one of the leading cause of perinatal 
death and a recognizable cause of brain damage in 
newborn. Hypoxic-ischemic encephalopathy (HIE) 

prevalence ranges from 0.1% to 0.5% of total live births and 
is the cause of around 23% of neonatal death worldwide [1]. 
Of total, ninety eight percent of neonatal deaths occur in 
developing countries only [2]. As per WHO, approximately 
4 million babies die each year within 1  month of life [3-5]. 
Perinatal asphyxia and birth injuries together contribute about 
29% of these deaths [4]. 82% of neonates with a history of birth 
asphyxia develop injury to one or more organs [6]. The common 
complications of asphyxia are cerebral palsy, irreversible renal 
cortical necrosis, persistent pulmonary hypertension of the 
newborn, hypotension, cardiogenic shock or heart failure [6-8]. 
Birth asphyxia is one of the most common causes of renal 
failure in newborn [9]. A number of metabolic complications 
like impaired thermoregulation, lactic acidosis, hypoglycemia, 
hyponatremia, hypocalcemia may also coexist and alters the 
course of the disease process [6].

On the basis of patho physiological mechanisms involving 
brain and kidney damage in HIE, a number of metabolic 
parameters have been studied to provide an early and reliable 
marker of tissue damage for both diagnostic and prognostic 

purposes. The biochemical abnormalities which are associated 
with poor outcome in birth asphyxia are, fluctuating level 
of sugar, hyperuricemia, hyperkalemia, hypocalcemia, 
hyponatremia and increased creatinine level [10]. In spite of 
the standard guidelines outlined by the American Academy 
of Pediatrics (AAP) and American College of Obstetrics and 
Gynecology (ACOG), the outcome of most of the deliveries 
is not encouraging [11]. Therefore, to reduce the burden of 
birth asphyxia related morbidity in rural areas, one should 
focus on the spreading the awareness of the cause and effect 
of birth asphyxia in the reproductive population. This research 
points out the different spectrum of clinical presentation of 
birth asphyxia and its biochemical derangements leading to 
increased morbidity and mortality.

MATERIALS AND METHODS

The present study was a prospective, observational, hospital 
based study conducted in the Department of Biochemistry and 
Pediatrics at VSSMC and Hospital, Burla, Sambalpur from 
September 2006 to March 2008. The study was approved by 
Institutional Ethical Committee and informed consent was 
obtained from the parents. A total of 58 term neonates admitted 
to neonatal intensive care unit fulfilling the suggested criteria 
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of perinatal hypoxic insult were examined by the trained 
pediatrician and were enrolled as cases. Neonates with history 
of maternal drug addiction or analgesia, severe infection 
(congenital or acquired), respiratory distress syndrome, babies 
received or receiving antibiotics, congenital anomaly or tumors 
and any type of birth injury were excluded from the study.

Birth asphyxia was defined by (1)  umbilical cord pH of 
<7.0 (mixed or metabolic) (2) Apgar score of 0-5 for longer 
than 5 min (3) Neurologic complications including hypotonia, 
convulsion, coma and (4) multiorgan dysfunction [11]. The 
diagnostic criteria jointly released by ACOG and AAP [11], 
were once widely accepted for the diagnosis of birth asphyxia. 
In fact, diagnoses based on these criteria include not only 
asphyxia but also HIE and multiorgan dysfunction. However, 
clinical practices have shown that the rate of missed diagnosis 
reaches 79-88% [12,13] and so obviously, the above criteria 
is not feasible for clinical application. In our study we have 
used Apgar score, clinical features as per the (Sarnat and Sarnat 
staging) [14] and necessary lab investigations to support the 
diagnosis of birth asphyxia and HIE.

Neonates with HIE were grouped in different 
Stages (I,  II,  III) as per Sarnat and Sarnat classification [14]. 
Detailed history, clinical findings, and relevant investigations 
(random blood sugar, serum creatinine, blood urea and serum 
electrolytes) were recorded in a standard Performa. Peripheral 
venous sample from all the neonates were collected in sterilized 
tubes at the time of admission and stored at −20°C until 
analyzed by standard biochemical methods. The samples were 
kept at −20°C as a routine research sample storage protocol 
adopted in lab and were analyzed on weekly basis to save time 
and reagents. All the results were analyzed by using Medcalc 
software version 12.1 p < 0.05 were considered significant.

RESULTS

Distribution of cases across the three stages of HIE (I, II, III) 
were 8  (13.79%), 16  (13.79%) and 9  (27.58%) respectively. 
25 cases (43.1%) belonged to asphyxiated non-HIE group who 
did not have any neurological manifestations. Birth weight 
though showed a gradual decrease with increasing severity, it 
failed to reach the level of significance. Vaginal delivery was 
more common across all the stages, and 15 neonates (25.86%) 
were delivered by lower segment cesarean section (LSCS) 
against 43 (74.13%) by the vaginal route. The mean Apgar score 
in asphyxiated babies was 3.62 and 5.12 at 1 min and 5 min. 
The Apgar score showed a decreasing trend with the increasing 
severity of HIE. 4.56 in non-HIE versus 3.12 in HIE III at 1 min 
and 5.84 in non-HIE versus 4 in HIE III at 5 min. APGAR score 
at both 1 min and 5 min was very low, more so in HIE III (3.12 
and 4) as compared to non-HIE group (4.56 and 5.84).

50% neonates with HIE II had abnormal or absent primitive 
reflexes while it was absent in all the neonates of HIE III. 

Convulsion remains a constant presentation in HIE II group 
where as only 22.2% babies had seizure in HIE III. Multifocal 
seizure was most common presentation (75% in HIE II). One 
baby in HIE I group had subtle seizure in the form of smacking 
and chewing movements of lips. Oliguria (urine output less than 
1 ml/kg/h) was present in 25 (44.8%) babies with more number 
of cases belong to babies with severe birth asphyxia (77.8%). 
22 babies (37.9%) developed acute renal shutdown/kidney injury. 
Congestive heart failure was found in 55.17% of asphyxiated 
babies (HIE III-88.89%). Neonatal mortality showed an 
increasing trend with the severity of HIE (Table 1).

Hypoglycemia was observed with increasing severity 
of asphyxia and mean the hypoglycemia in HIE III was 
26.67  ±  2.78  mg/dl, which was sufficiently low to produce 
symptoms. Serum urea, creatinine and potassium increased 
significantly in HIE III whereas calcium and sodium decreased 
significantly (Table 2). 5 (55.56%) babies in HIE III group died 
of multi organ failure within 7 days of life while overall 8-12% 
mortality was observed in other groups.

DISCUSSION

In the present study, 33 babies (56.8%) developed HIE whereas 
25 (43.1%) did not show any involvement of central nervous 
system. 27.58% babies belong to group  HIE II. Gupta et al. 
has observed a similar pattern of involvement [7]. However, 
Nicole et al. observed HIE in 75.86% of cases with maximum 
cases in moderate HIE (65.4%) subcategory  [15]. Goodwin 
et al. reported a lower incidence (31%) of HIE in asphyxiated 
newborns [9]. In our study, gestational age was similar in 
all the groups as term neonates were enrolled for the study. 
Mean birth weight was 2.52 and 2.74  kg in asphyxiated 
HIE and asphyxiated none-HIE babies; however, across the 
groups it showed a declining pattern with increasing severity, 
which was again not statistically significant. Gupta et al. had 
reported similar findings [7], whereas Singh et al. reported a 
birth weight of 2.4  kg and 2.8  kg in asphyxiated babies and 
healthy control babies [16]. The babies who were delivered 
by vaginal route 43  (74.13%) showed an increased chance 
of development of HIE in all three groups in comparison to 
those born by LSCS. It may be assumed that vaginal delivery 
if difficult may cause asphyxia and subsequent complications 
due to it. Study by Finer et al. reported greater incidence of 
asphyxia in infants born by vaginal delivery (65%) than by 
LSCS (35%) [17]. Chandra et al. observed that the associated 
factors like prolonged second stage of labor, vaginal breach 
delivery, pregnancy-induced hypertension and intrauterine 
growth restriction to be closely associated as a cause of birth 
injury and asphyxia in newborn [10].

The Apgar score showed a decreasing trend with the 
increasing severity of HIE. Similar findings had been reported 
by Nicole et al. [15]. Babies with a Apgar score of 0-4 are 
shown to have significant lower pH and higher partial pressure 
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of CO2 [18]. The longer the score remains low, the greater is 
its significance. An infant with a score of 0-3 at 1 min has a 
mortality rate of 5-10%, which rises to approximately 53% if 
that score remains in the range of 0-3 at 20 min [3]. Low Apgar 
score can be due to drugs, trauma, hypovolumia, infection or 
anomalies which should be excluded. For 5 min Apgar score, 
a score of <6 is regarded as evidence of asphyxia. However, 
it may not always indicate the asphyxia as it can be due to 
maternal analgesia. MacDonald et al. in a study conducted on 
38,405 neonates used the criteria as need of more than 1 min 
of the positive pressure ventilation as indication of asphyxia in 
addition to Apgar score, to exclude the infants depressed from 
maternal analgesia, who do not require prolonged resuscitation 
despite low Apgar score  [19]. In preterm infants, the Apgar 
score is of lesser value, and greater the prematurity more is the 
chance of getting a lower Apgar score despite normal cord blood 
pH. The risk of multi organ failure increases once the Apgar 
score remains under 3 for 10 min or longer. Multiple organs are 
affected in birth asphyxia with 82% neonates incurring injury 
to one or more organ [6].

As the umbilical cord arterial pH value decreased from 7.20 
to <7.00, the organ injury rate gradually rose from 0.39% to 

13.62%, in contrast, with the base excess value dropped from 
≥−10 mmol/L to <−20 mmol/L, the organ injury rate gradually 
increased from 1.24% to 9.05%  [20]. Moreover, clinical 
experience reveals that the risk of multi-organ failure increases 
once the Apgar score remains under 3 for 10 min or longer.

The cardiac complications of birth asphyxia reflect hypoxic 
injury to the myocardium. In our study, we found fetal heart 
rate to be depressed in 32 of 58 (55.17%) asphyxiated babies 
with a maximum percentage of 88.88% in HIE III. Gary 
et al. reported fetal heart rate lower than 120 beats/min in 
96% of severely asphyxiated babies and 75% in moderately 
asphyxiated babies [21]. Convulsion was a constant feature in 
HIE II babies whereas all babies in HIE III showed depressed 
or absent neonatal reflexes indicating greater degree of damage. 
Multifocal seizure was the most common type of seizure (75% 
in HIE II) observed in our study. Only 2 of 9 babies (22.2%) 
had seizures in HIE III which is difficult to explain, probably 
in the process of evolution. Shah et al. has also reported 
similar findings [2]. Complications associated with the central 
nervous system are attributed to oxidative stress, increased 
cerebral permeability, brain edema, birth trauma and metabolic 
complications [22]. Karlowicz and Adelman also reported a 

Table 1: Perinatal factors and clinical profile of birth asphyxia
Characteristics (n=58) Non-HIE 

(n=25)
HIE I 
(n=8)

HIE II 
(n=16)

HIE III 
(n=9)

Gestational age (weeks) 38.6 39.6 38.25 39
Birth weight (Kg) 2.74 2.58 2.56 2.43
Vaginal delivery (%) 18 (72) 5 (62.5) 13 (81.25) 7 (77.77)
Caesarian section (%) 7 (28) 3 (37.5) 3 (18.75) 2 (22.22)
Apgar - 1 min 4.56 4.37 4 3.12
Apgar - 5 min 5.84 5.75 5.62 4
FHR <120/min (%) 12 (48) 2 (25) 10 (62.5) 8 (88.89)
Abnormal reflexes 0 0 8 (50%) 9 (100%)
Convulsion 0 0 16 (100%) 2 (22.22%)
Convulsion type 0 1 (12.5) 2 (12.5) 0

Subtle 0 0 12 (75.0) 0
Multifocal

Oliguria (%) 7 (28) 3 (37.5) 8 (50) 7 (77.78)
AKI (%) 7 (28) 2 (25) 6 (37.5) 7 (77.78)
Mortality within 7 days (%) 2 (8) 1 (12.5) 2 (12.5) 5 (55.56)
FHR: Fetal heart rate, AKI: Acute kidney injury

Table 2: Biochemical parameters in different stages of HIE
Parameters HIE I HIE II HIE III Non-HIE
RBS (mg/dl) 60.12±13.43 46.5±17.76 26.67±2.78* 62.76±14.87
Urea (mg/dl) 31.37±14.39 37.87±11.89 71.77±22.12* 30.72±15.48
Creatinine (mg/dl) 1.1±0.40 1.4±0.62 2.86±1.04* 1.0±0.42
Serum Na (mmol/l) 134±4.34 133.75±3.90 130.3±3.39* 135.92±3.72
Serum K (mmol/l) 4.7±0.53 4.91±0.26* 5.3±0.47* 4.21±0.64
Serum Ca (mmol/l) 1.04±0.14 0.97±0.06* 0.89±0.07* 1.14±0.08
*p<0.05 when compared with the non-HIE babies, HIE: Hypoxic-ischemic encephalopathy, RBS: Random blood sugar
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higher frequency of convulsion and altered reflexes in severe 
birth asphyxia in comparison to moderate asphyxia [21].

The metabolic derangements like hypoglycemia, 
hypocalcemia, hyponatremia and hyperkalemia were more 
pronounced with the increasing severity of HIE. For serum 
sodium and blood glucose levels, it was significantly deranged 
in HIE III and for serum K and Ca levels in HIE II and III babies. 
Study by Gupta et al. reported lower sodium and comparable 
potassium in birth asphyxia babies as compared to control 
group [7]. As per observations by Gary et al., hyponatremia 
was reported in 38% cases and hyperkalemia, hypocalcaemia 
and severe acidosis was associated with poorer outcome [21]. 
Yoneda reported poorer outcome with significantly low 
serum Ca (1.05 ± 0.1 mmol/l) in HIE than in control group 
(1.22 ± 0.07) [23]. The capacity for sodium re-absorption is 
limited in neonatal kidney and so with increasing sodium load 
reaching the distal tubules, more of it is excreted in the urine 
leading to hyponatremia, with simultaneous contribution by 
SIADH secondary to perinatal asphyxia and partial resistance 
to aldosterone  [24]. Hyponatremia per se may lead to 
contraction of intravascular volume further reducing the renal 
function [25].

Incidences of renal failure in asphyxiated babies as reported 
by different authors are mentioned in Table  3. Renal failure 
was observed in 25%, 37.5% and 77.8% in HIE I, II and  III 
respectively. In asphyxiated non-HIE babies, 28% developed 
renal shutdown probably because of higher sensitiveness to 
fluctuating level of O2 supply. Gary et al. reported an increased 
incidence of renal failure in severe birth asphyxia babies, as 
high as 61% [21]. Out of 58, 17.24% babies died within 7 days 
owing to the severity of involvement of multiple systems, 
increased with the severity of HIE and thus neonatal mortality 
too was more in the severe HIE.

CONCLUSION

Birth asphyxia is the leading cause of neonatal morbidity and 
mortality and subsequent multi organ dysfunction, particularly 
in third world countries. Several clinic biochemical parameters 
are altered across the three stages of HIE, intensive monitoring 
of these parameters will help in prompt diagnosis, timely 
intervention and improving the outcome of the disease.
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