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Abstract:

Perinatal asphyxia is a leading cause of mortality and significant morbidity. Mild cases does not have a significant problem
but moderate to severe cases can lead to many short and long term complications Objectives: The present study was done
to evaluate various markers of perinatal asphyxia and their role in predicting adverse outcome. Methods: 108 neonates
suspected to have experienced perinatal asphyxia were included in the study and followed up until discharge/ death. Role
of cord blood pH, APGAR at 5 min and 10 min were compared with outcome. Results: Out of 108 studied neonates,
78(72.2%) needed resuscitation whereas 30(27.78%) didn’t need any form of resuscitation, 20(18.52%) were in HIE stage 1,
11(10.19%) were in stage 2 & 25(23.15%) were in stage 3 of hypoxic ischemic encephalopathy according to sarnat & sarnat
staging. Correlation coefficient and P value was calculated for cord blood pH and APGAR as a predictor of ischemic brain
injury among the newborns with hypoxic ischemic encephalopathy & it was observed that both are statistically significant (p
value<0.001) & significant negative correlation with severity of birth asphyxia. The mean APGAR score at 5 min,10min and
mean cord blood pH in the babies without HIE were 7.9+0.6,8.9+0.3 and 7.28+0.08, respectively. Whereas the mean APGAR
at 5 min, 10min and mean cord blood pH in the babies with HIE-l were 6.3+1.3,8.35+0.58 and 7.04+0.04; HIE-II
4.54+0.52,6.09+0.30 and 6.99+0.01; HIE-Ill 3.6+£1.1,5.44+0.96 and 6.84+0.04. Conclusion: Umbilical cord blood pH is with
cut off <7.10 remains the best predictor for perinatal asphyxia & poor early neonatal outcome followed by 5 min APGAR
score. Following APGAR to 10 min has no significant advantage over 5 min APGAR.
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cause of stillbirths, accounting for 45.1% of all such cases.

Introducti . .
ntroduction [4] Almost all (98.2%) asphyxia related deaths occur in first

Perinatal asphyxia is a condition characterized by an
impairment of exchange of the respiratory gases (oxygen
and carbon dioxide) resulting in hypoxemia and
hypercapnia, accompanied by metabolicacidosis. virtually
perinatal asphyxiacanaffectany organ of the body, but
neurological sequalae arewidely studied and most
important cause of long term morbidity.in response to
persistent hypoxia during perinatal period &anaerobic
metabolism, baby will develop acidosis. With the help of
umbilical cord blood pH status at birth, we can assess the
perinatal insult retrospectively.[1]

Despite the recent advances and protocols in perinatal
care, Perinatal asphyxia is a leading cause of infant
morbidity and mortality worldwide. Although the infant
mortality due to infectious diseases have been
significantly reduced but perinatal asphyxia is still one of
challenging problem especially in rural population. As per
latest estimates, perinatal asphyxia accounts for 9.4%(i.e.,
0.72 million) of total under 5 child mortality worldwide.
Along with prematurity and systemic infections, Perinatal
asphyxia is one of three most common causes of neonatal
deaths. [2,3] It is also an important cause of stillbirths and
according to the National neonatal perinatal database
(NNPD; 2002-2003), perinatal asphyxia is the commonest

week of life, with 73% occurring within 24 hours of
birth.®Various definitions and criteria to define birth
asphyxia were given by World HealthOrganization (WHO),
National Neonatal-Perinatal Database (NNPD), American
Academy of Paediatrics (AAP) and American College of
Obstetrician and Gynaecologists (ACOG). [6,7,8]

Although the umbilical blood gases measurement is used in
many countries and as per some researchers measuring
the acid base status is best method to assess the perinatal
asphyxia & its short and long term complication, but some
studies don’t favor the same. Dijxhoorn et al showed that a
large number of neurologically abnormal infants have low
Apgar scores, but a normal cord arterial pH [9]. A later
study on more than 150 000 live-born infants by Casey et al
reported that when pH fell to 7.0 or less, the likelihood of
neonatal death increased by 1400 folds in term newborns
[10]

There are various markers which have been tested to
identify the perinatal asphyxia including FHR monitoring,
low APGAR, cord blood pH, EEG, MRI and Doppler studies.
Currently the problem is our inability to precisely
differentiate the false positive tested from truly
asphyxiated new born.Several studies have been done to
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evaluate the better marker to identify the true asphyxiated
cases and our study is done to evaluate the role of
umbilical arterial cord blood pH & APGAR score as a
predictor of birth asphyxia and early neonatal outcome.

Materials & methods

Present study was conducted at a tersiary care NICU in Dr
Sushila Tiwari Hospital and GMC Haldwani from January
2018 to December 2018. Study was approved by the
ethical committee and informed consents were taken from
the parents.

The study included 108 neonates fulfilling the following
criteria:-Singleton, live born neonates of Gestational age >
37 weeks, Appropriate for gestational age, The new born
will be suspected to have experienced perinatal asphyxia
when any of the following criteria is present: a) signs of
Intrapartum fetal hypoxia, as indicated by non-reassuring
Non-Stress Test on continuous electronic fetal monitoring.
b) Thick meconium stained liquor c) Apgar score of <7 at
one minute of life. d) A need for Resuscitation for>1
minute. Patients were excluded according to the following
criteria:- Preterm & low birth babies, Multifetal gestation,
IUGR babies, intrauterine or perinatal infections, gross
congenital malformation, History of maternal intrapartum
fever, Maternal drug addiction, anti-epileptics, Neonates
born to mothers who are smokers or consuming alcohol in
pregnancy time.

Immediately after the delivery of the neonate, cord blood
sample was taken from doubly clamped umbilical artery
following delivery by separating the umbilical cord
segment. A syringe of 2 ml, flushed with 1/1000 of heparin
solution was inserted into the umbilical artery and 1ml of
blood sample was collected. The results of the blood gas
were analysed by ABG Machine (GEM PRIMER).

A detailed maternal history, APGAR score, examination &
investigation of enrolled baby was done. All babies were
followed up until discharge/death and the data collected.
Outcome variables studied were 1) Need for resuscitation
2) Need for NICU/Neonatal ward admission 3) Delay in
attaining full feeds 4) Neurological examination 5) Death/
discharge. Analysis was done using Statistical Package for
Social Sciences (SPSS) version 21.0 and P values less than
0.05 were considered statistically significant

Results:

Among 108 neonates, 61(56.48%) were male and
47(43.52%) were female, 95(87.90%) were term, 9(8.33%)
were post-dated & 4(3.70%) were post term. 101(93.52%)
babies were delivered by vertex presentation and 7
(6.48%) by breech. 84(77.78%) babies had birth weight
between 2.5-3 Kg, 14.81% between 3-3.5 kg & 7.41%
babies more than 3.5Kg. 48(44.44%) neonates were
delivered normally, 60(55.56%) were delivered by

caesarean section.15(13.89%) had Reassuring NST and 93
(86.11%) had Non-Reassuring NST suggestive of fetal
distress.26(24.07%) neonates had Thick MSAF and in
82(75.93%) the amniotic fluid was clear.Mean APGAR score
at 1min was 3.27 and at 5min 6.27.

Neonatal outcome was studied by various parameters like
need for resuscitation, NICU admission, neurological
abnormalities, delay in feed, and final outcome i.e.
death/discharge. These babies were not followed for long
term neurodevelopmental sequalae. Out of 108 studied
neonates, 78(72.2%) needed resuscitation whereas
30(27.78%) didn’t need any form of resuscitation,
77(71.30%) babies were admitted in NICU for care &
management as per protocols, whereas 31(28.70%)
neonates were shifted to mother side & followed up till
dischage. In  neurological examination,70(64.81%)
neonates had normal tone, 25(23.15%) had flaccid tone &
13(12.04%) showed increased tone, 72(66.67%) had no
seizures while 36(33.33%) had seizures as an abnormal
neurological examination finding. 52(48.15%) were
neurologically normal without encephalopathy, 20(18.52%)
were in HIE stage 1, 11(10.19%) were in stage 2 &
25(23.15%) were in stage 3 of hypoxic ischemic
encephalopathy according to sarnat & sarnat staging.
Amongl08 neonates, feed was started in 87 neonates, out
of them 28(32.56%) had delay in attaining full feed
whereas 59(67.44%) had attained feed timely. 21 neonates
were too sick for feed to be started & they ultimately died
during hospital stay and 87 (80.56%) babies were
discharged from hospital.

Correlation coefficient and P value was calculated for cord
blood pH and APGAR as a predictor of ischemic brain injury
among the newborns with  hypoxic ischemic
encephalopathy & it was observed that both are
statistically significant (p value<0.001) & significant
negative correlation with severity of birth asphyxia. (table
3) (Figure 1,2& 3)

The mean APGAR score at 5 min,10min and mean cord
blood pH in the babies without HIE were 7.9+0.6,8.9+0.3
and 7.28%0.08, respectively. Whereas the mean APGAR at
5 min,10min and mean cord blood pH in the babies with
HIE-l were 6.3+1.3,8.35£0.58 and 7.04+0.04; HIE-II
4.54+0.52,6.0910.30 and 6.99+0.01; HIE-III
3.6+1.1,5.44+0.96 and 6.8410.04.(Table 4)

Figure 4,5&6 shows Umbilical cord pH value with cut off
<7.1 hadhighest area under ROC curve (0.998), standard
error=0.00149, sensitivity=96.43%, specificity=98.08%,
positive predictive value=98.2 & negative predictive
value=96.2. APGAR score at 5minutes (cut off<6) had area
under ROC curve 0.943, SE=0.025, Sn=78.57%, Sp=90.08%,
PPV=97.8 & NPV=81. APGAR<8 at 10 minutes had area
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under ROC 0.902, SE=0.277, Sn=83.9%, Sp=90%, PPV=90.4

& NPV=83.9. Correlation bw APGAR
Table 1: SCORE5' and HIE
Clinical variable Case =108
Birth weight 4
2.5-3.0kg 84(77.78%)
3.13.5kg 16(14.81%) z 2
>3.5kg 8(7.41%)
Sex 0 -+
Male 61(56.48%) 0
Female 47(43.52%)
Gestation APGAR SCORE 5'
Term 95(87.96%)
Postterm and post dated 13(12.04%)
Mode of delivery Graph 1:
NVD 48(44.44%)
LSCS 60(55.56%)
PRESENTATION Correlation bw APGAR
VERTEX 101(93.52%)
BREECH 7(6.48% SCORE 10' and HIE
AMNIOTIC FLUID
MECONIUM STAINED 26(24.07%) a
CLEAR 82(75.93%)
APGAR w
MEAN APGAR AT 1 MIN 3.27 T 2
ME APGAR AT 5 MIN 6.27
NON STRESS TEST 0 -+ T
NON REASSURING 93(86.11%) 0 2
REASUURING 15(13.89%)
APGAR SCORE 10'
Table 2: NEONATAL OUTCOME
Resuscitation  Yes 72.2% Graph 2:
No 27.78%
NICU Yes 71.30%
admission .
v TR Correlation bw ABG pH and
Delay in feed  Yes 32.36% H I E
No 67.44%
Seizures Yes 33.33% a
No 66.67%
Abnormal Yes 35.19% w 3
tone T 2
No 64.81% 1
HIE No HIE 48.15% 0 4
STAGE 1 18.52%
STAGE 2 10.19% 6.6 6.8 7 7.2 7.4 7.6
STAGE 3 23.15% ABG pH
Final DEATH 19.44%
outcome
DISCHARGE 80.56% Graph 3:

Table 3: CORRERALTION COEFFICIENT OF APGAR SCORE AT
5MIN, APGAR ASCORE AT 10 MIN AND CORD BLOOD pH TO

Birth asphyxia

PREEDICT THE SEVERITY OF BIRTH ASPHYXIA Table 4:
PARAMETER P VALUE CORRERALTION Case(n) Mean pH APGAR at APGAR at
COEFFICIENT 5min 10min
CORD BLOOD Ph <0.001 0990 NO HIE 52 7.28:0.08  7.9+0.6 8.940.3
APGAR AT 5 MIN <0.001 -0.856 HIESTAGE1 20 7.041004  6.3+13 8.3510.58
APGAR AT 10 MIN <0.001 -0.870 HIESTAGE2 11 6.99+0.01 4.54+0.52 6.09£0.30
HIESTAGE3 25 6.84+0.04  3.6+1.1 5.44%0.96
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Discussion:

The goal of study was to find out the better predictor of
poor short term neonatal outcome & HIE. Cases with
inclusion criteria were analysed for APGAR score, cord
blood pH and used to predict the outcome. Sex, parity,

mode of delivery, thick meconium stained liquor were also
compared in terms of HIE sequalae but none of them had
shown any significance in respect to neonatal outcome.

Even in resource limited healthcare facility, umbilical cord
blood gas analysis & APGAR score is widly used to assess
the severity of perinatal asphyxia.[11] In most of the
previous studies, low cord blood pH correlates with the
fetal hypoxia & anaerobic metabolism during perinatal
period, role of APGAR is incoherent.{12,13,14] because
low APGAR can be attributed to other factors like
congenital malformation general anaesthesia, magnesium
sulphate, intrauterine infection. Although the usefulness of
APGAR is controversial, two major studies conducted on
APGAR had shown that majority of (APGAR-5) below 4 and
almost half of score 4-6 could be attributed to asphyxia.
[15,16].

The mean APGAR score at 5 min,10min and mean cord
blood pH in the babies without HIE were 7.910.6,8.9+0.3
and 7.28+0.08, respectively. Whereas the mean APGAR at
5 min,10min and mean cord blood pH in the babies with
HIE-l were 6.3+1.3,8.35+0.58 and 7.04+0.04; HIE-II
4.54+0.52,6.09+0.30 and 6.99+0.01; HIE-III
3.6%1.1,5.44+0.96 and 6.84+0.04. Correlation coefficient
for APGAR-5, APGAR-10 and cord blood pH was -0.856, -
0.870 & -0.926 respectively. similar results were reported
in previous studies.[17,18,19]

Umbilical cord pH value with cut off <7.1 hadhighest area
under ROC curve (0.998), standard error=0.00149,
sensitivity=96.43%, specificity=98.08%, positive predictive
value=98.2 & negative predictive value=96.2. APGAR score
at 5minutes (cut off<6) had area under ROC curve 0.943,
SE=0.025, Sn=78.57%, Sp=90.08%, PPV=97.8 & NPV=81.
APGAR<8 at 10 minutes had area under ROC 0.902,
SE=0.277, Sn=83.9%, Sp=90%, PPV=90.4 & NPV=83.9.

As with these analysis, it is observed that sensitivity from
APGAR at 5 to APGAR at 10min increases by only 5% thus
rather than APGAR-10, 5min APGAR is enough to predict
poor neonatal outcome.

Conclusion:

Umbilical cord blood pH is with cut off <7.10 remains the
best predictor for perinatal asphyxia & poor early neonatal
outcome followed by 5 min APGAR score. Following APGAR
to 10 min has no significant advantage over 5 min APGAR.
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