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Abstract 

Introduction: Hypoxia and ischemia can cause damage to almost every tissue and organ in the body. Birth 

asphyxia is the most important cause of renal damage in term infants. This study was performed to evaluate the 

renal functions and to compare them with various grades of birth asphyxia in term newborns. This was also 

compared with levels in healthy term newborns. Methods: The present study was conducted at the Special Care 

Neonatal Unit of Mahila Chikitsalaya, SMS Medical College, Jaipur. It was a hospital based comparative 

analysis conducted from October 2015 to September 2016. It included 100 consecutive term neonates who 

suffered asphyxia at birth as cases and 50 consecutive healthy term newborns as controls. Results: Out of 100 

asphyxiated cases, 20% had mild asphyxia (Apgar 6-7), 35% had moderate asphyxia (Apgar 4-5) and 45% had 

severe asphyxia (Apgar ≤3). Oliguria (Transient and Persistent) was more commonly seen in severely 

asphyxiated babies as compared to mild asphyxia (p=0.014) and moderate asphyxia (p=0.006). Blood urea and 

serum creatinine levels on Day 2 and Day 3 of life were significantly raised in severely asphyxiated babies as 

compared to mildly asphyxiated newborn. The serum electrolytes showed no significant difference among the 

three categories of asphyxia. Conclusion: Early estimation of blood urea, serum creatinine and monitoring of 

urine output should be done in all asphyxiated newborns so that the renal dysfunction can be detected earlier and 

appropriate measures can be taken in time to prevent renal damage in such newborns.  
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Introduction  

The frequency of perinatal asphyxia is 

approximately 1 to 1.5% of live births and 

inversely related to gestational age and birth weight 

[1]. Birth asphyxia is the most important cause of 

renal damage in term infants. The kidney is very 

sensitive to oxygen deprivation. Within 24 hrs of 

an ischemic episode, renal insufficiency will occur. 

The condition is reversible, but prolonged renal 

insufficiency will cause increased damage leading 

to irreversible cortical or medullary necrosis [2]. 

Acute kidney failure (AKF) occurs in 3.4% to 24% 

of neonates admitted to neonatal intensive care 

units (NICUs). The kidneys of neonates are  
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particularly susceptible to hypo perfusion because 

of the physiologic characteristics of neonatal 

kidneys, high renal vascular resistance, high 

plasma rennin activity, low glomerular filtration 

rate, decreased intercortical perfusion and 

decreased reabsorption of sodium in the proximal 

tubules [3]. Asphyxia can lead to multi organ 

dysfunction and a redistribution of cardiac output 

to maintain cerebral, cardiac, and adrenal perfusion 

while potentially compromising renal, gastro-

intestinal, and skin perfusion. Hypoxia and 

ischemia can cause damage to almost every tissue 

and organ in the body [4]. It is therefore not 

surprising that acute kidney injury (AKI) is 

common in asphyxiated neonates, occurring in up 

to 56% of these cases [5].  
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This study was performed to evaluate the renal 

functions and to compare them with various grades 

of birth asphyxia in term newborns. This was also 

compared with levels in healthy term newborns. 

Materials and methods  

The present study was conducted at the Special 

Care Neonatal Unit of Mahila Chikitsalaya, SMS 

Medical College, Jaipur. It was a hospital based 

comparative analysis conducted from October 2015 

to September 2016. It included 100 consecutive 

term neonates who suffered asphyxia at birth as 

cases and 50 consecutive healthy term newborns as 

controls.  

 

Inclusion Criteria   

Cases  

1. Term newborns with gestational age of 37 

weeks or more. 

2. Had asphyxia at birth (Apgar score of ≤ 7 at 1 

minute after birth and required resuscitation at 

birth) [7]. 

3. Clinical encephalopathy as assessed by 

neonatologist (manifestation of hypoxic 

ischemic encephalopathy (HIE) like altered 

tone, depressed level of consciousness, 

seizures). 

 

Controls 

1.  Healthy term newborns who had completed 

37 weeks or more. 

2. No evidences of asphyxia at birth (Apgar score 

at 1 min after birth >7). 

 

Exclusion criteria 

1. Preterm infants (less than 37 weeks) 

2. Severely dysmorphic infants with apparent 

lethal or major congenital malformations. 

3. Prenatal exposure to medications that might be 

responsible for birth asphyxia. 

4. Asphyxiated term newborns with septicemia. 

5. Who did not give consent for study 

 

Mothers of eligible newborns fulfilling inclusion 

criteria were explained about nature and purpose of 

the study and their informed written consent was 

taken to participate in the study. History about 

duration of gestational age and pregnancy related 

complications were taken. Thorough general and 

systemic examination including Apgar score, 

Ballard’s score and neurological examination was 

done to reassure period of gestation and to assess 

degree of birth asphyxia [6].  

 

Asphyxiated neonates were closely observed for 

abnormal neurologic signs suggesting hypoxic- 

ischemic encephalopathy (HIE) and development 

of complications. All neonates were observed for 

72 hrs after birth and morbidities particularly 

neurological were carefully recorded. 

 

The cases were graded into HIE stages on the basis 

of neurological examination done on Day 2 and 

Day 3 of life [13]. All necessary investigations as 

indicated by clinical picture of the case were 

carried out in each baby. Besides the routine 

investigations, renal function tests (Blood urea, 

Serum Creatinine and Serum Electrolytes) were 

done for all cases and controls on Day 2 and Day 3 

of life. The blood Investigations were performed as 

per standard methods in an identified laboratory. 

Permission from institutional research review board 

and ethical committee was taken prior to study. 

 

Urine output was monitored by applying plastic 

collection bag (minicom) or by catheterization if 

required. Azotemia was defined as a blood urea 

concentration > 40mg% and a serum creatinine 

concentration of > 1.2mg% [7].  

 

Oliguria was defined as a urine output of <1 

ml/kg/hr and retrospectively was categorized as 

being “transient” if it was present in the first 24 hrs 

of life only, “persistent” if it was present for the 

first 48 hrs of life or more [7]. 

 

Statistical analysis- Linear variables were 

summarized as mean and standard deviation and 

were compared by using unpaired T test.  

 

Categorically variables were expressed as 

proportions (%) and were analyzed by using 

Fisher’s exact test. Statistical software namely 

SPSS version 22.0 was used for all statistical 

calculations and Microsoft word and excel had 

been used to generate tables. A P value of <0.05 

was considered significant. 
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Results  

Total 111 newborns were approved for the study. Out of them, 11 were excluded due to consent issues. There 

were no drop outs as end point of study was only after 72 hours. In the control group 60% were males and 40% 

females where as in asphyxiated babies 64% were males and 36% females. About 20% babies had a birth weight 

of less than 2500g, while in the cases it was 48%. Babies with a birth weight between 2500 and 2999 g 

comprised 56% in the controls and 38% in the cases. Babies with a birth weight of 3000g or more were 24% of 

the total in controls and 14% in the cases. Asphyxia was more common in babies with a birth weight less than 

2500g. Out of 100 asphyxiated cases, 20% had mild asphyxia (Apgar 6-7), 35% had moderate asphyxia (Apgar 

4-5) and 45% had severe asphyxia (Apgar ≤3). Male preponderance was seen in all grades of asphyxia. 

 

Most of the babies under study were delivered by normal vaginal route (52% controls and 47% cases) followed 

by lower segment cesarean section (44% controls and 35% cases) and others 18% (forcep, ventouse ). In the 

control group, 30% babies were born to primigravida mothers, 50% to second gravid and 20% to third gravid. 

Asphyxia was more commonly seen in primigravida mothers (46%). The percentage of asphyxia decreased with 

increase in gravidity of mothers.  

 

In the controls, 76% mothers received antenatal care as compared to 52% in the cases. Mothers who did not 

receive antenatal care comprised 24% of the total in controls as compared to 48% in the cases. Severe asphyxia 

was more common in babies of mothers who did not receive antenatal care. In the control group, the only 

adverse obstetrical factor observed was induction of labour in 12% babies. While in the cases, Fetal distress 

(35%), Induction of labour (20%), Pregnancy induced hypertension (15%), Premature rupture of membranes 

(10%) and Ante partum hemorrhage (6%) were observed. Fetal distress (35%) was the most common adverse 

obstetrical factor associated with birth asphyxia. Neurological manifestations like Hypotonia (68%), Diminished 

reflexes (62%), Seizures (56%), Subtle Seizures (44%), Irritability (30%), Jitteriness (25%) and Coma (7%) 

were observed in the cases. Hypotonia, diminished reflexes and seizures were the most commonly observed 

neurological manifestations in asphyxiated babies. These were more pronounced in moderately and severely 

asphyxiated newborns.  

 

All the controls had a normal urine output on Day 2 and Day 3 of life. While in the cases, 76% had oliguria 

(transient/persistent) and 24% had a normal urine output. Persistent oliguria was highest i.e. 24.44% in severe 

asphyxia followed by moderate and mild asphyxia (11.43% and 5.00% respectively). Statistically, urine output 

was found significantly associated with grade of asphyxia (‘p’value <0.05). (Table-1) 

 

Table-1: Oliguria versus grade of Asphyxia. 

Asphyxia 

Normal Urine 

Output 

Transient 

Oliguria 

(<24 hrs) 

Persistent 

Oliguria 

(>48 hrs) 

Total 

No. % No. % No. % No. % 

Mild (n=20) 7 35.00 12 60.00 1 5.00 20 100.00 

Moderate (n=35) 13 37.14 18 51.43 4 11.43 35 100.00 

Severe (n=45) 4 8.89 30 66.67 11 24.44 45 100.00 

Total 24 24.00 60 60.00 16 16.00 100 100.00 

Chi-square = 12.546 with 4 degrees of freedom; P = 0.014 

 

Above table shows that persistent oliguria was highest i.e. 24.44% in severe asphyxia followed by moderate and 

mild asphyxia (11.43% and 5.00% respectively). Blood Urea and serum creatinine levels were significant raised 

in cases as compared to controls on Day 2 and Day 3 of life. No significant difference was noted in the 

electrolytes. Raised blood urea levels on Day 2 and Day 3 of life were observed in 27% and 18% asphyxiated 

newborns respectively. Raised serum creatinine levels on Day 2 and Day 3 of life were observed in 25% and 

21% asphyxiated newborns respectively. (Table-2) 
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Table-2: Biochemical Parameters on Day 2 in different grades of Asphyxia. 

Grades of 

Asphyxia 

Parameter Cases Controls P Value 

M
il

d
 

Blood Urea 

(mg%) 

28.30±2.02 21.46±1.27 0.005** 

Serum Creatinine 

(mg%) 

0.87±0.08 0.74±0.03 0.054 

Serum Sodium 

(mEq/L) 

134.51±1.63 137.29±0.3 0.483 

Serum Potassium 

(mEq/L) 

4.85±0.15 4.72±0.04 0.684 

M
o

d
er

at
e 

Blood Urea 

(mg%) 

38.31±3.39 21.45±1.27 <0.001** 

Serum Creatinine 

(mg%) 

1.00±0.12 0.74±0.03 0.057 

Serum Sodium 

(mEq/L) 

135.81±0.98 137.29±0.31 0.056 

Serum Potassium 

(mEq/L) 

4.64±0.16 4.72±0.04 0.835 

S
ev

er
e 

Blood Urea 

(mg%) 

48.07±4.2 21.46±1.27 <0.001** 

Serum Creatinine 

(mg%) 

1.31±0.15 0.74±0.03 0.001** 

Serum Sodium 

(mEq/L) 

136.25±0.75 137.29±0.31 0.102 

Serum Potassium 

(mEq/L) 

4.56±0.13 4.72±0.04 0.222 

Above table shows that blood urea was significantly higher in mild, moderate and severe asphyxia where as 

serum creatinine was found significantly higher in severe birth asphyxia on day 2 of life. 

 

Table-3: Biochemical Parameters on Day 3 in different grades of Asphyxia. 

Grades of Asphyxia Parameter Cases Controls P Value 

M
il

d
 

Blood Urea 

(mg%) 

31.45±1.34 21.44±1.20 <0.001** 

Serum Creatinine 

(mg%) 

0.99±0.06 0.65±0.03 0.001** 

Serum Sodium 

(mEq/L) 

135.45±1.51 136.78±0.04 0.460 

Serum Potassium 

(mEq/L) 

4.78±0.14 4.65±0.06 0.594 

M
o

d
er

at
e 

Blood Urea 

(mg%) 

41.66±4.49 21.44±1.20 <0.001** 

Serum Creatinine 

(mg%) 

1.22±0.14 0.65±0.03 0.001** 

Serum Sodium 

(mEq/L) 

136.21±0.65 136.78±0.04 0.061 

Serum Potassium 

(mEq/L) 

4.56±0.08 4.65±0.06 0.785 

S
ev

er
e 

Blood Urea 

(mg%) 

54.80±6.35 21.44±1.2 <0.001** 

Serum Creatinine 

(mg%) 

1.50±0.18 0.65±0.03 <0.001** 

Serum Sodium 

(mEq/L) 

135.60±0.65 136.78±0.04 0.103 

Serum Potassium 

(mEq/L) 

4.60±0.07 4.65±0.06 0.595 
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In mild and moderate asphyxiated babies, Blood urea (Day 2 and Day 3) and serum creatinine (Day 3) were 

significantly raised as compared to controls. Blood urea and serum creatinine levels on Day 2 and Day 3 of life 

were significantly raised in severely asphyxiated babies as compared to mildly asphyxiated newborn. No 

significant difference in these parameters was observed in between mild versus moderate asphyxia and moderate 

versus severe asphyxia. The serum electrolytes showed no significant difference among the three categories of 

asphyxia. (Table-3) 

 

Above table shows that blood urea and serum creatinine both were significantly higher in cases of mild, 

moderate and severe asphyxia as compared to controls on day 3 of life. 

Discussion 

In the control group 60% were males and 40% 

females where as in asphyxiated babies 64% were 

males and 36% females. In an Indian study of 98 

neonates of asphyxia also showed 66.3% were 

males and 33.7% females [8]. Another studies also 

observed results similar to our study [9,10]. Higher 

incidence of asphyxia in males in our study can be 

explained on the basis of normal population pattern 

in this area.  

 

Out of 100 asphyxiated cases, 20% had mild 

asphyxia (Apgar 6-7), 35% had moderate asphyxia 

(Apgar 4-5) and 45% had severe asphyxia (Apgar 

≤3). Male preponderance was seen in all grades of 

asphyxia. A study showed mild (32.96%), 

moderate (39.56%) and severe cases (27.47%) [11]. 

A study showed Apgar score at 5 minute was > 7 in 

33(46%), 4-6 in 37% and Apgar ≤3 in 10 (14%) 

infants [9]. Asphyxia was more common in babies 

with a birth weight less than 2500g (48%). Other 

study also observed similar results in less than 

2500g newborns [12]. A western study done on 21 

neonates of more than 37 weeks also reported 

(4.8%) cases less than 2500g [13]. Our results 

differ from this study because the average weight 

of Indian baby is less than the western baby. 

 

Most of the babies under study were delivered by 

normal vaginal route (52% controls and 47% cases) 

followed by lower segment cesarean section (44% 

controls and 35% cases) and others 18% (forcep 

and ventouse) which were similar to an Indian 

study done on 86 cases of asphyxia [14]. In the 

control group, 30% babies were born to 

primigravida mothers, 50% to second gravid and 

20% to third gravid. Asphyxia was more 

commonly seen in primigravida mothers (46%), 

second gravid 28%, third gravid 16% and multipara 

10%. The percentage of asphyxia decreased with 

increase in gravidity of mothers. Similarly another 

study also observed 44.2% primigravida mothers  

 

 

[15]. In the present study mothers of 52% 

asphyxiated babies attended antenatal clinic. Out of 

45 cases of severe birth asphyxia 60% were born to 

mothers who did not have antenatal check up. 

Lower antenatal visits as an important risk factor 

for asphyxia were also found in another Indian 

study on 86 cases of asphyxia [14]. 

 

In the present study all the controls had normal 

urine output on day 2 and day 3 of life while in 

cases 76% had transient/persistent oliguria and 

24% had normal urine output. Transient oliguria 

was present in 60% and persistent in 16%. 

Transient/persistent oliguria was more commonly 

seen in severely asphyxiated infants. A study 

reported 56% cases of oliguria, 44% of normal 

urine output, 38 (53%) of transient oliguria and 3 

(4%) of persistent oliguria [9]. A study done by an 

Indian author showed non-oliguric (62.5%) and 

oliguric (37.5%) cases [16]. A study reported 

oliguria in 72% of cases because most of the cases 

were referred late [17]. 

 

Raised blood urea and serum creatinine levels on 

day 2 of life were observed in 27% and 25% and on 

day 3 in 18% and 21% cases respectively. Martin 

ancel A observed raised blood urea in 18 (25%) 

and serum creatinine in 11(15%) cases on day 3 of 

life [9]. Perlman JM et al observed raised blood 

urea in 4(11%) and serum creatinine in 6(17%)[4]. 

In present study no alteration was observed in 

serum sodium and potassium on day2 and day 3 of 

life in controls and cases. Similar findings were 

also observed in other studies [10,16]. 

 

In present study raised blood urea and serum 

creatinine levels were observed more commonly in 

severely asphyxiated babies as compared to mild to 

moderated asphyxia. A western study done on 59 

term babies of birth asphyxia also observed severe 

renal complications in cases who had severe 
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asphyxia and metabolic acidosis [18]. In the 

present study, blood urea and serum creatinine 

levels were significantly raised in cases as 

compared to controls on day 2 and day 3 of life. No 

significant difference was noted in the electrolytes. 

Similar findings were also observed in other studies 

[10,16]. 

Conclusion  

Blood urea and serum creatinine levels on Day 2 

and Day 3 of life were significantly raised in 

severely asphyxiated babies as compared to mild 

and moderate asphyxiated newborn. The serum 

electrolytes showed no significant difference 

among the three categories of asphyxia. Thus, we 

conclude that an early estimation of blood urea, 

serum creatinine and monitoring of urine output 

should be done in all asphyxiated newborns so that 

the renal dysfunction can be detected earlier and 

appropriate measures can be taken in time to 

prevent renal damage in such newborns.  
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