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Abstract

Introduction: Asphyxia is the single most important cause of still-births accounting for 45.1% of all cases. Although
many organ systems can be affected by hypoxia, it is the nervous system that bears the brunt of perinatal asphyxia in the
long run. Once the cerebral injury has occurred, the management is mainly supportive. Newer cerebro protective
therapies are being tried. The present study aims at correlating the Severity of asphyxia with the severity of HIE and also
to assess the perinatal factors, clinico laboratory profile and immediate outcome in asphyxiated newborns. Materials and
methods: It is a prospective, descriptive clinical study done at NICU, ASRAM medical college Eluru.92 newborn babies
who fulfilled the selection criteria for perinatal asphyxia during the study period September 2015 to August 2017 formed
the study group. The stage of encephalopathy was assessed according to Sarnat and Sarnat Clinical staging system.
Perinatal asphyxia was graded as moderate or severe based on pH and/or Apgarscore. Chi square test and Fisher Exact
test has been used to find the significant association of HIE staging and outcome and other study characteristics. Results:
Among 92 asphyxiated newborns, Pregnancy was complicated by the presence of PIH in 15 (16.3%), APH in 3 (3.3%),
MSAF was present in 51 (55.4%), maternal anemia in 16 (17.4%) and PROM in 9 (9.8%). Labour was complicated by
prolonged II stage in 12 (13.0%) of them and cord prolapse was seen in 1 (1.1%). HIE occurred in 59 (64.13%) out of 92
asphyxiated neonates. According to Sarnat and Sarnat clinical HIE staging, 33 (55.93%) newborns had stage I, 18
(30.51%) had stage II and 8 (13.56%) of the newborns had stage III HIE. Renal involvement occurred in 43 (46.7%) of
the total asphyxiated neonates and was the most commonly involved system, next to CNS (64.13%). Conclusion: In this
study, there is a statistically significant association between severity of perinatal asphyxia and severity of HIE. Apgar
score at 1 minute is inversely related to the stages of HIE. Though the neonatal factors like male sex, SGA, LGA and
perinatal factors like MSAF, PROM, maternal anemia, LSCS, instrumental delivery and breech presentation are
associated with the outcome of HIE (sequelae/death), there is no statistically significant association.
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Introduction

Birth Asphyxia is one of the major causes of early
neonatal mortality in India. Among the institutional
births, incidence is 5% and accounts for 23% of
neonatal deaths. Asphyxia is the single most important
cause of still-births accounting for 45.1% of all
cases[1]. The incidence of birth asphyxia reported from
developing countries varies from 9.4 to 299 per 1000
live births. Although many organ systems can be
affected by hypoxia-ischaemia, it is the nervous system
that bears the brunt of perinatal asphyxia in the long
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run. Cerebral palsy is the most important long-term
outcome of birth asphyxia and may be accompanied by
mental retardation, seizure disorder, or other associated
neurological or sensory (visual, auditory) disabilities
[2]. Improved antenatal care will definitely bring down
the incidence of birth asphyxia. Once the cerebral injury
has occurred, the management is mainly supportive.

Newer cerebro protective therapies are being tried. The
outcome depends on various factors [3]. Since the
contribution of birth asphyxia to burden of neuro
disability in developing countries is still to be
accurately defined, hence the study. So also to assess
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the direct relationship between severity of asphyxia and
stage of HIEaswellasclinico laboratory profile and
immediate outcome.

Aims and Objectives
The present was undertaken

e To assess the perinatal factors contributing for the
development of HIE in asphyxiated babies.

e To correlate the degree of asphyxia with the stage of
HIE.

e To assess the clinic laboratory profile and immediate
outcome in asphyxiated newborns.

Materials and Methods

The present study was conducted from September 2015
to August 2017 in NICU ASRAM Medical College,
Eluru. 92 newborn babies, who fulfilled the selection
criteria for perinatal asphyxia, formed the study group.

Study design: It is a prospective, descriptive clinical
study. Inclusioncriteria: Term asphyxiated newborns
including in hospital births and out born asphyxiated
babies referred to ASRAM within one hour after
delivery.

Exclusion criteria: Newborns with Congenital
dysmorphism, Congenital neuromuscular diseases,
CNS, cardiac, pulmonary congenital malformations,
discharged against medical advice/ Not willing to give
consent for the study.

The term infants were identified of having had Perinatal
Asphyxia when at leastthree of the following criteria are
fulfilled [6,7]

1. pH < 7.2 (whether metabolic or mixed) determined
by blood gas analysis within first hour of the birth.

2. Apgar score: <4 at one minute and/or <7 at five
minutes.

3. Requirement of more than one minute of positive
pressure ventilation before sustained respiration
occurred.

4. Fetal heart rate abnormalities (Fetal bradycardia <100
beats/minute or fetal tachycardia>160 beats/minute)
and/or presence of meconium stained amniotic fluid.

Complete obstetric  history was obtained and
examination of the babies was performed at the time of
admission. The neonatal clinical course was followed
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up prospectively and data were recorded on pre-
designed proforma. Informed written parental consent
was obtained for all infants before entry in the study,
which was approved by the ethical committee.

Neurological Assessment: Detailed neurological
examination of the asphyxiated newborns was
performed at 12-24 hours intervals for the first six days
and thereafter every alternate day until discharge or
until death. The stage of encephalopathy was assessed
according to Sarnat and Sarnat Clinical staging system
[5]. Perinatal asphyxia was graded as moderate or
severe based on pH [4] and/ or Apgarscore. HIE was
graded as mild, moderate, severe based on Sarnat and
Sarnat clinical stages of HIE [5]. The relationship
between severity of perinatal asphyxia and severity of
HIE was studied. The involvement of other organ
systems was also noted on the basis of the clinical/
laboratory criteria[6].

A. Renal: Anuria/oliguria (<1 ml/kg/hr) for 24 hours or
more (after a volume challenge test) with azotemia
(Blood wurea Nitrogen >20 mg/dl) and/or Serum
Creatinine >1.2 mg/dl for two or more consecutive
days. (Blood samples were obtained at approximately
12 hours of age and repeated when necessary).

B. Pulmonary: Need for FiO,> 0.4 for at least first 4
hours and/or mechanical ventilation not required for
apnea or heart failure.

C. Cardiovascular: Heart murmur and/or ECG
abnormalities characteristic of myocardial ischemia
and/or echocardio-graphic evaluation of papillary
muscle dysfunction, poor contractility (done within 24
hours of birth and repeated as needed) and/or clinical
signs of heart failure (tachycardia, tachypnea and
hepatomegaly).

D. Gastrointestinal: Repeated bloody gastric residuals
and/or repeated vomiting sand/or features suggestive of
necrotizing enterocolitis.

Neonates were followed up for 12 weeks and the
outcome in the form of persisting neurological
abnormality and/or mortality, if any were noted. The
data obtained was analyzed by using the following
statistical methods.

Statistical Methods [8,9]- Chi square test and 2x2, 2x3
and 3x3 Fisher Exact test has been used to find the
significant association of HIE staging and outcome and
other study characteristics. Similarly, similar tests have
been used to find the significant association of Neonatal
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and Perinatal factors with the presence of HIE and Statistical software namely SPSS 15.0, Stata 8.0, Med
outcome of HIE. Analysis of Variance/ Kruskal Wallis Calc 9.0.1 and Systat 11.0 were used for the analysis of
test has been used to find the significance of Apgar the data and Microsoft word and Excel have been used
score with HIE stage. Statisticals of tware: The to generate graphs, tables etc.

Results

Out of 92 asphyxiated new borns, 48 (52.2%) are males babies and 44 (47.8%) are female babies. According to Weight
for gestational age, 24 (26.1%) are Small for Gestational Age, 60 (65.2%) are Appropriate for Gestational Age and, 8
(8.7%) are Large for Gestational Age.

Distribution of Perinatal factors among the asphyxiated newborns- Among the study group, 51 (55.4%) neonates,
mothers were Primigravida and 41 (44.6%) neonates’ mothers were multigravida. 15 (16.3%) of the babies were born to
PIH mothers, 3 (3.3%) were born to APH mothers and 16 (17.4%) were born to anemic mothers. PROM was associated
with 9 (9.8%) of the asphyxiated babies. There was presence of Meconium Stained Amniotic Fluid (MSAF) in 51
(55.4%) of the asphyxiated babies. 84 (91.3%) had vertex presentation and breech presentation occurred in 8 (8.7%). 11
stage of labor was prolonged in 12 (13.0%), and cord Prolapse was seen in 1 baby (1.1%).

100 913 H Percentage

/__/41.30% = Spontaneous Vaginal

B Instrumental

LSCS (Lower Segment
Caesarean Section)

Fig-2: Pie diagram showing distribution of asphyxiated newborns according to mode of delivery

Of the total 92 asphyxiated babies, 45 (48.9%) were born by spontaneous vaginal delivery, 38 (41.3%) were born by
LSCS and 9 (9.8%) of them by instrumental delivery.

Of the 92 asphyxiated newborns, 59 of them developed HIE accounting for 64.13%, and those without HIE are 33
accounting for 35.87%. Of the 59 newborns who developed HIE, 33 (55.93%) had stage I encephalopathy, 18 (30.51%)
had stage II and 8 (13.56%) of them had stage III HIE. Of the 59 HIE newborns, 46 (77.9%) were normal, 7 (11.9%) of
them had persisting neurological abnormality and 6 (10.2%) of them died.
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Fig-3: Stacked Bar diagram showing outcome in HIE stages

Among HIE stage I, all the babies that is 33 (100%) were normal, in HIE Stage II 13 (72.2%) were normal, 4 (22.2%) of
them had persisting neurological abnormality and 1 (5.6%) newborn died. In HIE stage III, 3 (37.5%) had persisting
neurological abnormality and 5 (62.5%) newborns died.

u 1. pH More than 7.2
(Normal)

m 2. pH 7-7.2 (Moderate
acidemia)

= 3. pH Less than 7 (Severe
acidemia)

Fig-4: Pie chart showing distribution of arterial blood pH
Of the 92 asphyxiated newborns, 45 (48.9%) of them had moderate acidemia, 35 (38.0%) newborns had severe acidemia
and 12 (13.1%) neonates had normal ph.p value <0.003*shows that arterial blood ph has significant association with

Perinatal asphyxia.

Table -1: Correlation of Apgar score values with HIE stages

Apgar score (at 1 minute)
HIE stage :
Range Median
Stage | 2-5 4.00
Stage 11 1-4 3.00
Stage 111 1-3 2.00
Inference As the Apgar score decreases the HIE stage increase with p<0.001**

Fig-5: Line diagram showing correlation of Apgar score (1 min) with HIE stages
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APGAR SCORE

The severity of HIE (HIE stages) increases with the decreasing Apgar score values at 1 minute which is statistically
significant (p<0.001).

50 - 46.7
40 -
30 -
20 -
10 -
0

Renal Pulmonary Cardiac GIT

Fig-6: Frequency of organ involvement among the asphyxiated newborns

Out of the 92 asphyxiated newborns, CNS was the most frequently involved organ accounting for 64.13%, followed by
kidney in 46.7%. Pulmonary involvement occurred in 21.7%, cardiac involvement was seen in 23.9% and GIT was
involved 25.0% newborns.

Table-2: Multiple organ involvement among the asphyxiated newborns

Organ involvement N(zr:;;e;r Percentage%
Group 0 No organ involvement 32 34.8
Group 1 One organ involvement 10 10.9
Group 2 Two or more organ involvement 50 543

Out of the 92 asphyxiated newborns, 50 (54.3%) of them had 2 or more organ involvement. In 10 (10.9%) newborns
abnormality was confined to one organ and 32 (34.8%) newborns had no evidence of any organ injury.

Table-3: Multiple organ involvement associated with HIE stages.

Organ involvement Stage 1 Stage 2 Stage 3 Total

(other than CNS) (n=33) (n=18) (n=8)

No organ involved 10 (30.30) - - 10
One organ involved 18 (54.54) 02 (11.11) - 20
Two organs involved 03 (09.09) 07 (38.89) - 10

Three organs involved 02 (06.07) 07 (38.89) - 09
Four organs involved - 02 (11.11) 08 (100) 10
Total 33 (100) 18(100) 8 (100) 59

Note: Figures in parentheses indicate percentages. Of the HIE stage I, majority of the newborns that is 18 (54.54%) had
abnormality confined to one organ and 10 (30.30%) newborns had no evidence of any organ injury. Among stage II HIE,
all of them, that is, 18 (100%) had one or more organ involvement, whereas in stage III HIE, all of them, that is, 8
(100%) had involvement of all the other organ systems (four) assessed in the present study.

Mortality 6 (6.52%)

Fig-7: Pie diagram showing mortality among the asphyxiated newborns
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Table-4: Association of perinatal factors with HIE.
HIE p value
Perinatal factors
Yes (n=59) No (n=33)
Primigravida 32 19
Parity Multigravida 27 14 0.757
Yes 31 20
MSAF No 28 13 0.455
Yes 8 7 0.341
PIH No 51 26
Yes 2 1 0.999
APH No 57 32
Yes 8 1
PROM No 51 1 0.150
Yes 5 11
. * %
Anemia No 54 2 0.003
Normal 58 22
0 k3
Duration of II stage Prolonged 1 11 <0.001
Yes 1 0 0.999
Cord Prolapse No 58 33
Spontaneous 30 15 0.620
Mode of Delivery Instrumental 9 0 0.024*
LSCS 20 18 0.054
Fetal heart rate abnormalities Normal 38 33
Fetal tachycardia (H.R>160) 3 0
Fetal bradycardia (H.R<100) 18 0 0.022

The above table shows that perinatal factors with statistically significant association with the development of HIE are,
maternal Anemia, Prolonged 2™ stage of labour, Instrumental delivery and fetal heartrate abnormalities.

Table- 5: Association of Neonatal factors with HIE

Neonatal HIE p value
Yes(no=59) No(no=33)
Inborn/outborn Inborn 23 15 0.545
Outborn 36 18
Gender Male 34 14 0.161
Female 25 19
Weight for SGA 17 7 0.426
gestational age AGA 38 22 0.827
LGA 04 4 0.451
Presentation Vertex 55 29 0.451
Breech 4 4
Gestational Term 56 33 0.550
Maturity Post term 3 0
(APGAR SCORE) Mild /Moderate 51 33 <0.001*
Perinatal asphyxia Severe 8 0
pH >7.2 (normal) 2 20 <0.003*
7-7.2 (moderate acidemia) 45 13
<7 (severe acidemia) 12 0
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The above table shows that none of the neonatal factors have statistically significant association with the development of
HIE except for APGAR scores and pH which have significant association with development of HIE.

Discussion

This study was conducted as an attempt to evaluate the development of encephalopathy in term asphyxiated neonates, to
correlate the severity of asphyxial insult to the severity of HIE and to assess the immediate outcome.According to the
presence of primary signs of acute neonatal encephalopathy, the CNS was the most frequently involved organ in the
present study. HIE occurred in 59 (64.13%) out of 92 asphyxiated neonates.

Table-6: The proportion of asphyxiated newborns developing HIE in different studies is shown by the table
below:

S No. Study HIE followingperinatal hypoxia
1 Present study 64.13%
2 Martin Ancel et al[6] 72%
3 Gonzalez de DJ, Moya M[10] 25.6%
4 Thornberg et al[11] 33.03%

The difference in the proportion of HIE following perinatal asphyxia were probably due to the lack of generally accepted
definition of asphyxia. The inclusion criteria for birth asphyxia are different in different studies. It is possible that
incidence of neonatal encephalopathy also depends on the sample of the newborns studied (with respect to gestational
age) and the criteria used to define neonatal encephalopathy. This may be the probable reason for the variations in the
occurrence of post-asphyxial HIE in different studies.

In the present study, HIE newborns were categorized into 3 different clinical stages according to Sarnat and Sarnat
staging. 33 (55.93%) newborns had stage I, 18 (30.51%) had stage II and 8 (13.56%) had stage III encephalopathy.

Table-7: In other studies, the proportion of HIE neonates in different stages are as follows:

S No. Study HIE Stage I HIE Stage 11 HIE Stage I11
1 Present study 55.93% 30.51% 13.56%
2 Martin Ancel et al[6] 57.7% 28.8% 13.5%
3 Gonzalez de DJ, Moya M [10] 75% 12.5% 12.5%
4 Robertson C, Finer N [12] 39.5% 56.3% 4.2%
5 Funayama CA [13]et al 45.7% 42.5% 11.8%

In the present study, the outcome of HIE neonates was as follows: Of the 59 HIE neonates 46 (77.9%) were normal, 7
(11.9%) of them had persisting neurological abnormalities and 6 (10.2%) newborns died.

In the study done by Peliowski and Finer [14], overall risk of death in HIE neonates was 12.5%, and 14.3% for
neurological sequelae which is higher than that of present study.Among the HIE stages, all the 33 (100%) newborns in
stage I, were normal. In stage II, 13 (72.2%) newborns were normal, 4 (22.2%) had persisting neurological abnormality
and 1 (5.6%) newborn died. In stage 111, 3 (37.5%) newborns had persisting neurological abnormality and 5 (62.5%) died.
HIE stage I was significantly associated (p<0.001) with normal outcome and HIE stage III was significantly (p<0.001)
associated with death.

Table-8: The outcome of HIE neonates in the various studies is as follows:

Present study HIE Stage I HIE Stage 11 HIE Stage I11
Death - 1 (5.6%) 5 (62.5%)
Persistingneurological abnormality ---- 4 (22.2%) 3 (37.5%)

In the present study, the distribution of arterial blood pH (done within one hour of birth) among the study group is as
follows: mean pH was 7.06+0.09 (Range 6.92-7.25). 12 neonates (13.1%) had pH>7.2, 45 (48.9%) had pH 7-7.2
(moderate acidemia), 35 (38.0%) had pH<7 (severe acidemia).
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In the present study, 1 minute Apgar score was <3 in 33 neonates. 5 minute Apgarscore was >7 in 47, 4-6 in 42, <3 in 3
neonates. In the present study, there was a statistically significant (p<0.001) association between severity of perinatal
asphyxia and severity of HIE. As the Apgar score at 1 minute decreases the severity of HIE increases. Similarly in the
study done by Gonzalez de DJ and Moya M [23], there was a statistically significant (p<0.001) association between
severity of perinatal asphyxia and evidence of HIE. In the study done by Martin Anceletal [6], Apgar score (at 1 and 5
minutes) was the only perinatal factor significantly related to the number of organs affected and to the severity of organ
involvement. Other studiesalso have found the relationship between the Apgar score and short-term morbidity after
perinatal asphyxia [15,16]. Although, this is an unreliable predictor of permanent neurological deficit [17] Low Apgar
scores may be the result of factors other than perinatal asphyxia and caution is needed in the interpretation of an
individual Apgar score; other data are necessary to establish the diagnosis of perinatal asphyxia.

According to the study done by Murayet. al [18] fetal heart rate pattern had no significant association with development
of HIE, which is not in consistency with the present study.

In the present study, involvement of other organs was studied. Renal involvement occurred in 43 (46.7%) of the total
asphyxiated neonates and was the most commonly involved organ, next only to HIE (64.13%). Pulmonary involvement
occurred in 20 (21.7%), cardiac in 22 (23.9%) and involvement of GIT was seen in 23 (25.0%). In the study done by
Martin Anceletal [6], renal involvement occurred in 42%, which is slightly lower than the present study. Pulmonary
involvement occurred in 26%, which is slightly higher than present study. Cardiac involvement occurred in 29% and GIT
in 29%, both of which are higher than present study.

Table-9: The frequency of organ system involvement following perinatal asphyxia in different studies is shown
in the table below:

S No Study Renal Pulmonary CVS GIT
1 Present study 46.7% 21.7% 23.9% 25.0%
2 Martin Ancel et al[6] 42% 26% 29% 29%
3 Perlman JM et al[17] 50% 23% 25% -
4 Shah P et al[20] 70% 86% 62% -

The organ involvement in the present study is comparable with Martin Ancel et al and Perlman JM et al studies. The
variability in the occurrence of organ dysfunction in Shah P et al study compared to the present study could be due to
difference in the inclusion criteria of the study group, difference in the definition of each organ/system dysfunction and
variability in timing of blood sample and other investigations done during the evaluation of organ dysfunction.

In the present study, multiple organ involvement was studied by dividing total 92 asphyxiated neonates into 3 groups.

Group 0: were the neonates with no evidence of any organ dysfunction-32 (34.8%).
Group 1: were the 10 (10.9%) neonates with one organ involvement.
Group 2: were the 50 (54.3%) neonates with 2 or more organ involvement.

In the present study involvement of one or more organ occurred in 66.3% of neonates.

Table-10: Multiple organ involvement in asphyxiated neonates in various studies is as follows:

Present study Martin Anceletal[6] Perlman JM et al[19]
Group 0 34.8% 18% 34%
Group 1 10.9% 26% 23%
Group 2 54.3% 55% 43%

Among 59 HIE neonates, majority that is 20 (33.9%) had one organ involvement (other than CNS) and the most
frequently associated organ was kidney.

Murmu M.C et.al. amongst 64 asphyxiated newborns found kidney as most commonly involved organ.According to this
study mortality among asphyxiated newborns was directly related to severity of perinatal asphyxia and presence of
oliguria. These findings are similar to the present study in which 46.7% of asphyxiated newborns are with renal
involvement [77].
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Ramesh S. Pattaret. al. [21]observed CVS involvement in 54.3% which is higher than the present study, in which
incidence of CVS involvement is 23.9%. In study done by Ramesh S.Pattar et.al. incidence of CVS involvement was
more than the renal involvement, which is not similar to the present study in which renal involvement is more than CVS
involvement. Mortality was higher in babies with multi organ dysfunction which increases proportionately with increase
in number of organs involved,which is consistent with the present study.

In the study done by Gemmal. Malinet. al[22] low arterial pH soon after birth in asphyxiated newborns had a strong,
consistent and temporal association with neonatal morbidity andmortality which is consistent with the present study

which suggests that lowering pH increases the severity of HIE.

Conclusion

The results in the present study indicate that perinatal
asphyxia is frequently followed by dysfunction of one
or more organs during neonatal period. In this study,
significant proportion of neonates develop HIE
following asphyxia insult. Among the newborns that
develop HIE, most of them have stage I
encephalopathy.

In this study, among the neonatal and perinatal factors
associated with Dbirth asphyxia, Maternal Anemia,
prolonged 2" stage of labour,instrumental delivery and
fetal heart abnormalities has moderately significant
association with the development of HIE.

In this study, there is a statistically significant
association between severity of perinatal asphyxia and
severity of HIE. Apgar score at 1 minute is inversely
related to the stages of HIE.

In this study, outcome of HIE is closely related to
severity of HIE. Stage I HIE is significantly associated
with normal outcome and stage III HIE is significantly
associated with death. Most of the newborns with stage
IT HIE have normal outcome, a small proportion of
them have sequelae or mortality.

In this study, though the neonatal factors like male sex,
SGA, LGA and perinatal factors like MSAF, PROM,
LSCS, instrumental delivery and breech presentation
are associated with the outcome of HIE
(sequelae/death), there is no statistically significant
association. Further studies are needed to know the
association of these factors with the outcome of HIE.

In this study, most of the stage I HIE newborns have
evidence of at least one organ involvement, although
some proportion did not show any evidence of organ
injury, and all the stage III HIE newborns have all the
other (four) organ systems involvement. Future clinical
trials of treatment for HIE must carefully evaluate
possible side effects on the other organs potentially
affected that may not be clinically evident until several
hours after the treatment has been instituted.

Prevention of perinatal asphyxia is of utmost
importance due to its serious complications. Adequate
strengthening of maternal care services, training the
primary health care personnel in skills of neonatal
resuscitation and care of low birth weight babies can
dramatically reduce the incidence of perinatal asphyxia
and its outcome and hence reduce the perinatal
mortality.
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