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ABSTRACT 
 
 Introductions: Birth asphyxia is failure breathing causing severe 
consequences or death. This study aims to determine the incidence of 
perinatal asphyxia in neonates with low Apgar and Hypoxic Ischemic 
Encephalopathy (HIE) in asphyxiated babies. 
 
Methods: This was a cross sectional study from November 1, 2010 to July 
30, 2011. Babies with Apgar score of less than seven at five minute were 
enrolled in the study. Blood was drawn from umbilical cord artery for 
blood gas analysis. Neonates were followed up in every six hours for at 
least 48 hours. Staging of HIE according to Sarnat staging was done in 
babies with Apgar score of <7 at five minutes within 24 hours of birth. 
Data was analysed using SPSS version 16.0. 
 
Results: Total of 2,425 live births, 56 (2.30%) were born with an Apgar of 
< 7 at five minute, six were excluded (due to set exclusion criteria) and 
remaining 50 were analysed. Thirty-four (68% of 50) of babies with low 
Apgar score had maternal risk factors – meconium stained liquor being 
the commonest risk factor. Majority (46%) had cord blood pH of >7.2, 
40% had between 7.1 to 7.2, 12% between 7 to 7.1 and remaining 2% 
had pH  < 7. HIE developed in 22% (11/50) of the asphyxiated babies.  
 
Conclusions:  More than 1/3rd (46%) of babies with low Apgar had low 
cord blood pH, 1/4th (26%) had base excess, and 22% developed features 
of HIE. Cord blood pH were better predictors than Apgar in asphyxiated 
babies. 
 
Keywords: Apgar score, cord blood, hypoxic ischemic encephalopathy 
(HIE) 
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INTRODUCTIONS 
 
The World Health Organization (WHO) defines 
birth asphyxia as failure to initiate and sustain 
breathing at birth.1 The WHO estimates that 
globally, between four and nine million 
newborns suffer birth asphyxia each year. Of 
those, an estimated 1.2 million die and almost 
the same number develop severe 
consequences.2 This study was conducted to 
determine the incidence of perinatal asphyxia 
in term and near term (>35 weeks) neonates 
with low Apgar score and to evaluate risk 
factors for asphyxia and hypoxic ischemic 
encephalopathy in asphyxiated babies. 
 
 
METHODS 
 
An observational study was carried out at the 
Department of Paediatrics, Tribhuvan 
University Teaching Hospital (TUTH), Nepal, 
during November 2010 to July 2011. Live born 
neonates more than or equal to 35 weeks 
gestation and low Apgar Score (<7) at five 
minutes were enrolled in the study. Gestational 
age of <35 weeks, major congenital 
abnormalities suggestive of diaphragmatic 
hernia or congenital heart disease, neonates 
with dysmorphic features suggestive of 
chromosomal anomalies or structural brain 
abnormalities, maternal general anaesthesia or 
maternal sedation or analgesia with pethidine 
or morphine given within the last 4 hours, 
condition where parents/caretakers refused to 
give consent, were excluded from the study. 
Ethical clearance was taken from Institutional 
Review Board (IRB). Parents/caretakers were 
explained in detail about the nature of the 
study and consent was taken prior to the 
delivery or immediately after delivery. 
 
Paediatric team on duty attended all deliveries 
with perinatal asphyxia and conducted 
resuscitation. Immediately after the delivery of 
the neonate in a depressed state, a segment of 
umbilical cord was double-clamped, divided, 
and placed on the delivery table. If the five-
minute Apgar score was satisfactory and the 
infant appeared stable and vigorous, the 
segment of umbilical cord was discarded. If five-

minute Apgar was <7, blood was drawn from 
the artery of cord segment and sent 
immediately for blood gas analysis. Following 
initial resuscitation, all the neonates were 
brought to neonatal intensive care unit (NICU). 
If Apgar score at five minutes was <3, neonates 
were observed in NICU for at least 24 hours. If 
Apgar at five minutes was four to six, neonates 
were observed for at least four hours in NICU 
and if found stable, were transferred to mother 
side in the maternity ward. Neonates were 
followed up in NICU or maternity ward and 
clinical examination was done every six hours 
for at least 48 hours. The diagnosis of perinatal 
encephalopathy required an abnormal 
neurological examination on the first day 
following birth according to the staging of 
Hypoxic Ischemic Encephalopathy (HIE) by 
Sarnat and graded accordingly in all babies with 
Apgar score of <7 at five minutes within 24 
hours of birth. Data was analysed using SPSS 
version 16.0. 
 
 
RESULTS 
 
Out of the total 2,425 live births during the 
study period, 56 (2.3%) were born with an 
Apgar of <7 at five minutes. Six asphyxiated 
babies were excluded from the study as they 
met exclusion criteria or adequate sample of 
arterial blood could not be obtained. Out of the 
remaining 50 asphyxiated babies, (2.06% of 
2425 total), 31 (62% of 50) were male and 19 
(38%) female. Maternal risk factors were found 
in more than 34 (68%) babies with low Apgar 
(Table 1). Cord blood pH was <7.2 in 27% 
meconium stained liquor (Table 2) and Cord 
blood pH <7.1 in 14% with low Apgar (Table 3). 
Out of 27 babies with pH <7.2, eight developed 
HIE of different severity (Table 4). 
 
 
DISCUSSIONS 
 
In developed countries, perinatal asphyxia 
varies from 1.8 to 6.7 per 1000 live births.2 Birth 
asphyxia is a major reason of neonatal 
admissions in hospitals in Nepal. A study in 
2000-2001 showed it to be the commonest 
cause for neonatal admissions in Paropakar 
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Maternity Hospital, Thapathali, Kathmandu, 
accounting for 30% of the admissions. In Patan 
Hospital and in TUTH, also a significant number 
of neonatal admissions were attributed to 
perinatal asphyxia at 7% and 13% respectively.3 

A study at TUTH by Shrestha et al. in 2008 found 
9% of the term babies were asphyxiated at one 
minute of birth.4 
 

 

Table 1. Maternal risk factors associated with asphyxiated babies (n=50) with low Apgar score (<7) 
 
 

Maternal Risk Factors Frequency % 
Meconium Stained Liquor 23 46 
Foetal Distress 3 6 
Premature Rupture of Membrane (PROM) 1 2 
Cord Prolapsed 1 2 
Poor Maternal Effort 1 2 
Oligohydramnios 3 6 
Eclampsia 2 4 
No Risk Factors 16 32 
Total  50 100 

 
 
Table 2. Meconium stained liquor and cord blood pH in asphyxiated babies (n=50)  
 
 

 Cord Blood pH  
<7.2 >7.2 Total 

Liquor Meconium Stained 15 8 23 
Liquor No Meconium Stained 12 15 27 
Total 27 23 50 

 
 
Table 3. Apgar score and cord artery blood pH in asphyxiated babies (n=50) 
 
 

Cord Blood pH 
  <7 7 -7.1 7.1 - 7.2 >7.2 Total 
Apgar at 1 min Less than or equal to 3 1 6 13 10 30 
 More than 3 0 0 7 13 20 
Apgar at 5 min Less than or equal to 3 1 1 0 1 3 
 More than 3 0 5 20 22 47 

 
 
Table 4. Hypoxic Ischemic Encephalopathy (HIE) grading and cord blood pH in asphyxiated babies (n=50) 
with low Apgar score (<7) 
 

  
<7 

 
7 - 7.1 

Cord Blood pH 
7.11 - 7.2 

 
>7.2 

 
Total 

No HIE 0 2 17 20 39 
HIE 1 0 3 1 2 6 
HIE 2 0 0 1 0 1 
HIE 3 1 1 1 1 4 
Total 1 6 20 23 50 

According to American College of Obstetricians 
and Gynaecologist (ACOG)5 and the American 
Academy of Paediatrics (AAP),6 a neonate is 
labelled to be asphyxiated if the following 
conditions are satisfied: (1) Umbilical cord 

arterial pH less than 7; (2) Apgar score of zero 
to three for longer than five minutes; (3) 
Neonatal neurologic manifestations (eg. 
seizures, coma, or hypotonia); and (4) 
Multisystem Organ Dysfunction, eg. 



 
 

 
 

6 

Amrit Ghimire: Analysis of umbilical cord blood 

Journal of Patan Academy of Health Sciences. 2017 Dec;4(2):3-8. 

 

cardiovascular, gastrointestinal, hematologic, 
pulmonary, or renal system. 
 
Apgar scores are lower as a result of 
intrauterine asphyxia and there is an apparent 
discrepancy between Apgar scores and the 
severity of acidosis at birth, as determined by 
pH measurements on umbilical arterial blood.7 
Though Apgar score is still used to categorize 
the asphyxia, it do not correctly diagnose 
perinatal asphyxia and predict long-term neuro 
developmental disabilities. Study by D’souza 
showed that babies who are in depressed 
condition at birth with acidosis had neurological 
abnormality in comparison with those without 
acidosis.8 In addition, the score assessment may 
variy according to individual health care 
providers. 
 
Based on the criteria for defining asphyxia, the 
incidence of perinatal asphyxia in TUTH during 
the study period was 0.4 per thousand live 
births.4 The incidence is comparable with 
studies from KK Women’s Children Hospital, 
Singapore where it was 0.3 per 1000 live births 
in 2004.9 This incidence is low in current study 
compared to other studies in which asphyxia 
was defined on the basis of Apgar score alone. 
These include rates of birth asphyxia in other 
developing countries, including 26 per 1000 live 
births in Nigeria.10 Apgar <7 at five minutes was 
found in 2.3% of total deliveries in current 
study. We found similar sex distribution, 31 
(62% of 50) male and 19 (38%) female, 
compared to previous study by Shrestha et al. 
in TUTH with 61% male and 39% female.4 Only 
term and near-term babies (>35 weeks) were 
included in this study. The reason for excluding 
preterm babies was to avoid neonatal 
depression secondary to prematurity and 
abnormal muscle tone. 
 
Mean gestational age was 38+6 weeks. Most of 
the newborns (82%) were between 2,500 to 
4,000 grams. Low birth weight and gestational 
age did not correlate well with low cord blood 
pH. Nergesh Tejani in 1989 showed correlation 
between low birth weight and low cord blood 
pH (<7.1).11 It also correlated mortality with 
gestational age (<28 weeks). Their sample size 

was large (392) and preterm babies were not 
excluded which is different from our study. 
 
Since Apgar score has many limitations, 
umbilical arterial pH has been proposed as 
better markers.12 Umbilical cord arterial blood 
acid-base and gas assessment remains the most 
objective determination of the foetal metabolic 
condition at the moment of birth. In newborn 
babies whose Apgar remained below seven at 
five minutes of birth, the umbilical cord pH 
ranged from 6.93 to 7.37 with an average of 
7.18 ± 0.09. This finding is comparable with the 
study done by S D’Souza in 1983 at St. Mary’s 
Hospital, Manchester where mean cord arterial 
pH was 7.265 ± 0.07.8 
 
In the current study, 14% of those with low 
Apgar had cord pH <7.1. This is comparable to 
the study by Sykes and co-workers where 20% 
of the neonates with Apgar scores of six or less 
had cord pH values of 7.10 or less.7 Reduced 
vigor, or a depressed condition at birth may be 
induced by conditions other than intrauterine 
asphyxia. Also, the assessment of muscle tone 
and reflex excitability is more subjective 
compared with remaining components of Apgar 
score.8 In this study, 26% of babies with low 
Apgar had base excess more than minus 12 and 
the maximum was -18.9. Average base excess 
was -9.16. Socol ML et al. from January 1984 
through December 1991 studied a population 
of 28 newborns with Apgar score at five 
minutes <3 and found a significantly greater 
mean base deficit (14.8 ± 6.3 mmol/L).13 In the 
current study, only three babies (6%) had Apgar 
less than or equal to three at five minutes and 
this could not be compared with study by Socol. 
Low cord blood pH was significantly associated 
with increasing base excess in the current study 
(p = 0.018). A prospective case control study 
done by Hassan Boskabadi et al. between 
October 2006 to December 2008 at Ghaem 
Hospital, Iran, found base excess was -
3.24±4.81 for the control group and -
11.58±10.12 for cases. This study comprised of 
49 healthy neonates (control) and 49 with 
features of asphyxia.14 Low and co-workers, 
who have written extensively on this subject, 
and noted that “threshold for significant 
metabolic acidosis” is a base deficit between 12 
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and 16 mmol/liter. An increased number of 
neurological abnormalities were encountered 
in infants as the degree of acidosis worsened.15 
 
In this study, low Apgar at one min (p value = 
0.05) and five min (p value = 0.001) was 
associated with low cord pH. Two of three 
babies with Apgar less than or equal to three at 
five minutes had cord blood pH less than 7.2. 
However, low Apgar was not correlated with 
increased base excess in the current study. Out 
of three babies with Apgar <3 at five min, two 
babies had base excess > -12. No significant 
correlation between Apgar <3 at five minutes 
and base excess > -12 could be due to small no 
of population in the study.  
 
Low arterial umbilical cord pH had a strong and 
consistent association with important maternal 
risk factors like meconium stained liquor. 
Meconium stained liquor accounting for 46% of 
total cases included. The likelihood ratio of 
having low pH (<7.2) in those with meconium 
stained liquor was 2.178. David R Hall et al. 
reports similar finding of 47% meconium 
stained liquor among asphyxiated babies.16 
 
Eleven newborns (22%) had had features of HIE 
according to Sarnat stages of encephalopathy. 
Among them, 6 (54%) had HIE-I, 1 (9%) HIE-II 
and 4 (36%) HIE-III. Seven out of eleven cases 
with HIE, had cord pH <7.2. Severity of 
encephalopathy was significant with low cord 
pH (p value = 0.004). Eight out of eleven cases 
with HIE had base excess more than -12, a 
significant correlation (p value = 0.017). 
Goodwin et al. in 1992 found that association 
between umbilical arterial acidosis and adverse 
neurological events among term, singleton 
infants with cord arterial pH. Once severe 
acidosis is present, the likelihood of adverse 
sequelae rises sharply with worsening acidosis. 
It was found that HIE occurred in 12% of infants 
with cord pH <7.0, 33% with cord pH 6.9, 60% 
with cord pH <6.8, and 80% with cord pH <6.7. 
In a study of term deliveries with cord blood gas 
measurements, no infant was live born with pH 
<6.6.17 
 
Umbilical cord blood gas analysis is now 
recommended in all high-risk deliveries by both 

the British and American Colleges of Obstetrics 
and Gynaecology; and in some centres, it is 
practised routinely following all deliveries. 
Besides being invasive and expensive 
procedure, it also requires logistics of collecting 
and analysing the samples immediately after 
birth and expertise in interpretation which may 
not be available in delivery rooms at all times in 
low resource settings. With available resources 
and expertise, it has clinical and medicolegal 
importance that clinicians caring for newborn 
infants be familiar with the evidences and 
practice of cord blood gas values.  
 
 
CONCLUSIONS 
 
The umbilical arterial pH is better than Apgar 
score in evaluating the risk factors for asphyxia 
and hypoxic ischemic encephalopathy (HIE) in 
asphyxiated babies. More than 1/3rd (46%) of 
babies with low Apgar had low cord blood pH, 1/4th 
(26%) had base excess, and 22% developed features 
of HIE.  
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