Jemds.com Original Research Article
ASSOCIATION BETWEEN NUCLEATED RBC COUNT AND FOETAL ASPHYXIA AND ITS IMMEDIATE
NEUROLOGICAL OUTCOME IN TERM NEWBORNS IN RIMS HOSPITAL

Bengia Abol, Namganglung Golmeiz, Ch. Shyamsunder Singh3, Ch. Mangi Singh* Kaushik Debnath5, Soram Goutam¢

1Junior Resident, Department of Paediatrics, Regional Institute of Medical Sciences, Imphal.
2Assistant Professor, Department of Paediatrics, Regional Institute of Medical Sciences, Imphal.
3Associate Professor, Department of Paediatrics, Regional Institute of Medical Sciences, Imphal.
4Professor, Department of Paediatrics, Regional Institute of Medical Sciences, Imphal.
5Professor, Department of Pathology, Regional Institute of Medical Sciences, Imphal.
6Epidemiologist, Manipur Health Services.

ABSTRACT

BACKGROUND
Perinatal asphyxia is an insult to the foetus or newborn due to lack of oxygen (hypoxia) and/or lack of perfusion (ischaemia) to
various organs, of sufficient magnitude and duration to produce more than fleeting functional and/or biochemical changes. There
are various studies available to indicate foetal asphyxia like intrapartum electronic foetal monitoring, foetal or umbilical cord pH
measurement, Meconium-Stained Amniotic Fluid (MSAF), APGAR score, Hypoxic-Ischaemic Encephalopathy (HIE) and evidence of
multiorgan dysfunction. Butin a resource-limited institute a need for simpler and cheaper alternatives are sought. In this prospective
analysis, we report our experience with a study on nucleated RBC (nRBC) count and its association with foetal asphyxia and its
immediate neurological outcome in term newborns in RIMS Hospital, Imphal, Manipur.

The objective is to study the association between the nucleated RBC count and foetal asphyxia and its immediate neurological
outcome in term newborns.

MATERIALS AND METHODS
In this case-control study conducted over 2 years in a tertiary care referral hospital in Manipur, India, 50 asphyxiated (study group)
and 50 non-asphyxiated (control group) neonatal cord blood samples were randomly selected and analysed.

RESULTS

nRBC counts were significantly higher in those with meconium-stained amniotic fluid (MSAF) (12.66 + 6.17) than in normal amniotic
fluid group (9.25 * 5.88). nRBC/100 WBCs were also significantly elevated in asphyxiated newborns (14.10 * 4.79) in comparison
to non-asphyxiated group (5.44 + 3.47). As the stage of Hypoxic-Ischaemic Encephalopathy (HIE) increased from grade [ (9.4 + 4.57)
to grade III (21 + 2.94), nRBC count also increased in frequency showing a direct proportion.

CONCLUSION
In limited health care settings, nRBC count can be an easy and economical alternative for detecting perinatal asphyxia and also the
severity of HIE.
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BACKGROUND

The common complications of asphyxia may be acute like -

Perinatal asphyxia is a common and serious neonatal problem
worldwide and contributes considerably to both neonatal
morbidity and mortality. According to the World Health
Organization (WHO) in 2000, of the 130 million infants born
globally each year, approximately 4 million babies die before
they reach the age of 1 month.! Furthermore, of 1.2 million
neonatal deaths in India, 300,000-350,000 babies die due to
perinatal asphyxia mostly within first 3 days of life.2
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irreversible renal cortical necrosis, persistent pulmonary
hypertension of the newborn, hypotension, cardiogenic shock
or heart failure and chronic conditions such as epilepsies or
cerebral palsy.3-5 Secondary to birth asphyxia, a postnatal
manifestation of hypoxic-ischaemic encephalopathy (HIE) is
frequently observed to be associated with either mild or
severe organ damage in asphyxiated newborns, both leading
to the development of chronic neurodevelopmental sequelae.6

Many parameters are used to predict perinatal asphyxia,
namely - intrapartum electronic foetal monitoring, foetal or
umbilical cord pH measurement, meconium-stained amniotic
fluid (MSAF), APGAR score, hypoxic-ischaemic
encephalopathy (HIE) and evidence of multiorgan
dysfunction.” Umbilical cord blood gas analysis is now
recommended in all high-risk deliveries by both the British
and American College of Obstetricians and Gynaecologists. An
umbilical cord pH <7.2 immediately after birth is used as a
prognostic factor for unfavourable short-term outcome in
newborn.8 But blood gas analysers are not always available in
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many of the health care centres especially in less developed
areas. Recent studies have focused on the utility of nucleated
red blood cell count (nRBC), which may be readily examined
with minimal means as a marker of perinatal asphyxia.%10.11

Nucleated red blood cells (nRBCs) are immature
erythrocytes commonly found in the peripheral blood of
newborns with counts varying widely at birth.12 Among the
many causes for increased nRBC count, foetal hypoxia has
been postulated to stimulate an upsurge in numbers of
circulating nRBCs and the increased numbers of nRBCs may
indicate the severity and duration of hypoxia. Distinct nRBC
patterns may also be related to the timing of foetal injury,
implying that nRBC count may be helpful in determining the
timing of foetal neurological impairment.13

In less developed countries like ours, perinatal asphyxia
remains a major cause of morbidity and mortality presenting
aformidable range of problems. The pattern of risk factors, the
nature of sequelae and the options as well as priorities for
intervention (both preventive and therapeutic) are
significantly different than in the developed countries. As
examination of nRBC count is easily available, this study was
designed to determine the utilities of nRBC count as a detector
of foetal asphyxia in term newborns along with the short-term
outcome in a resource-limited health care centre.

Objectives

To study the association between the nucleated RBC count and
foetal asphyxia and its immediate neurological outcome in
term newborns.

MATERIALS AND METHODS
Study Setting and Duration: This hospital-based case-control
study was conducted in the Department of Paediatrics, in
collaboration with the Departments of Pathology, Regional
Institute of Medical Sciences, Imphal during the period from
August 2008 to July 2010 with due clearance by the
institutional ethical committee.

Sample Size and Sampling: Sample size was calculated
using the following formula and parameters for comparing 2
independent proportions as follows:

Subjects per group (n) = P1(1-P1) + P2(1-P2) / (P2-P1)2 x f(a,f)
Where,

P1=10.26 (proportion of cases with nucleated RBCs)23

P2 = 0.06 (proportion of controls with nucleated RBCs)23
f(c.,B) = 7.85 for 80% power

From above, n = 0.26 (1-0.26) + 0.06(1-0.06) / (0.06-0.26)2 x
7.85

So, based on these parameters, the calculated sample size
was 48.827 and it was rounded to 50 (fifty) for our
convenience.

Cases
Newborns with Apgar scores <5 at 5 minutes (perinatal
asphyxia).14

Controls
Newborns with Apgar score = 8 at 1 minute (without perinatal
asphyxia).14
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Recruitment of Study Subjects

Fifty neonates with perinatal asphyxia (Apgar score <5 at 5
minutes) delivered in Labour Room, Obstetrics and
Gynaecology Department; RIMS were randomly selected and
included in the case group. Fifty neonates without history of
perinatal asphyxia (Apgar score = 8 at 1 minute) were
randomly selected and included in the control group.

Inclusion Criteria

1. Newborns with evidence of foetal distress - decreased
foetal movements, tachycardia or bradycardia.

2. Neonates having history of meconium-stained amniotic
fluid (MSAF).

3. Term babies with birth weight > 2.5 kg.

4. 5 minutes Apgar score of <5.

Exclusion Criteria

Babies with gross congenital anomalies.
Chromosomal anomalies.

Rh incompatibility.

Septicaemia.

Parents refusing consent.

A .

Methodology

In this study, the maternal and birth history along with clinical
findings were recorded from the enrolled babies after
stabilisation and thorough examination in a predesigned
proforma. Cord blood samples (2 mL) were collected in EDTA
(ethylene diamine tetra-acetate) vials immediately after
delivery and dispatched to the Pathology (Haematology)
laboratory for analysis. Peripheral smear examination was
carried out with special reference to nRBC count in both the
groups. Routine staining of blood film was done using
Leishman'’s stain. Apgar score was used for evaluation of the
enrolled subjects. Newborns with Apgar scores <5 at 5
minutes was considered asphyxiated and those with > 8 at 1
minute was considered normal.14

Grading of neonates with asphyxia was done according to
Sarnat and Sarnat staging.15 The clinical spectrum of HIE was
described as mild, moderate and severe. Infants can progress
from mild to moderate and/or severe encephalopathy over 72
hours following the hypoxic-ischaemic insult. The various
stages were correlated with nucleated red blood cell count per
100 white blood cell count.15

After initiated resuscitation and stabilisation, the
asphyxiated neonate was transferred to the Neonatal
Intensive Care Unit (NICU) for further observation and
management. The control group was kept in the Post-Natal
ward.

The data were recorded in a pre-designed proforma, and
analysed using SPSS version 19. The results are expressed in
descriptive statistics, the association was assessed using odd-
ratio (OR) and Chi-square test (2); and p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 100 subjects - 50 asphyxiated (case group) and
50 non-asphyxiated (control group) were randomly selected
from among the delivered babies. There were 27 males (54%)
and 23 (46%) females (M: F = 1.17:1) in the case group,
whereas male: female ratio in the control group was 1.27:1.
The average weight of the case babies was 3.17 + 0.33 kg (3.04
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+ 0.30 kg for the control group). 42 babies (84%) were born
by vaginal delivery; the remaining 8 (16%) were delivered
through emergency lower caesarean section or assisted
venous procedures.

In the case group, 15 (30%) babies were born with
meconium-stained amniotic fluid; the remaining 35 (70%)
babies did not have meconium staining of amniotic fluid. All
the babies in the control group were born without meconium
staining.

When the nRBC count was compared between the two
groups, the nRBC count significantly higher in babies born
through MSAF (12.66 £ 6.17) than in normal amniotic fluid
(9.25 £5.88). [Table -1].

5 (10%) of the case group had a 1 minute Apgar score of 2;
23 (46%), 18 (36%) and 4 (8%) babies had scores of 3, 4 and
5 respectively. The number of babies having Apgar scores of 2,
3,4 and 5 at 5 minutes were 1 (2%), 8 (16%), 17 (34%) and
24 (48%) respectively.

The mean + SD of nucleated red blood cells in the study
group at a five minutes Apgar score of 0-3 was found to be
17.66 £ 5.74 per 100 WBCs, compared to 13.31 + 4.25 per 100
WBCs in neonates having Apgar scores of 4-5. [Table - 2].

Nucleated red blood cells/100 WBCs were significantly
higher in number in asphyxiated newborns (14.10 £ 4.79) in
comparison to non-asphyxiated group (Mean + SD = 5.44 +
3.47) (p value <0.05) as shown in Table - 3.

It was also observed that, as the stage of HIE increased
from I to IIl the nucleated red blood cells increased in
frequency showing a direct proportion. (Table - 4).

Amniotic Fluid N (%) Mean nRBC Count + SD
MSAF 15 (30) 12.66 +6.17
Clear AF 35 (70) 9.25+5.88
Table 1. Association of nRBC & Types of Amniotic Fluid
(AF)
Apgar Score nRBCs (Mean + SD)
0-3 17.66 +5.74
4-5 13.31+4.25

Table 2. Association of Apgar Score & nRBCs

nRBCs/100
WBCs
Asphyxiated,
N (%)
Non-
asphyxiated,
N (%)
Total, N
(%)
p-value
OR
XZ
df

>10 | 38(76) | 5(10) 43 (43)

<10 | 12 (24) | 45(90) | 57 (57)

Total {50 (100)| 50 (100) {100 (100)
Table 3. Association of nRBCs in the Asphyxiated & Non-

<0.005 (28.72(44.43| 1

asphyxiated Neonates
Range of
Stage of HIE nRBCs/100 WBCs Mean + SD
1 2-18 9.4+4.57
11 7-21 14.45 + 4.25
111 18-24 21+2.94

Table 4. Association of Stages of HIE and Range of
Nucleated RBCs/100 WBCs
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DISCUSSION

In the present study, 15 newborns (30%) of the asphyxiated
group were born to mothers with history of meconium-stained
amniotic fluid. The mean nRBC count £ SD in the babies born
to meconium-stained amniotic fluid was found to be higher
(12.66 £ 6.17) than that of babies born to clear amniotic fluid
(9.25 + 5.88). A similar finding was reported by Papa D etal 11
in their study wherein they correlated nRBC count with MSAF
and found the mean nRBC count + SD among MSAF was 27.41
+10.13 and among non-MSAF was 13.53 £ 6.37. Darkhaneh RF
et all6 also reported a mean nRBC count of 8.67 + 6.54 in
neonates born in presence of MSAF compared to 3.88 £ 3.92 in
non-asphyxiated neonates without history of meconium
staining, indicative of a mean nRBC difference of 4.79 units
between the study and control group with a significantly
higher nRBC count in the study group (p=0.001). The presence
of meconium in the amniotic fluid has long been thought to
indicate foetal stress. This study showed that, as hypothesised,
infants with meconium-stained amniotic fluid had higher
absolute nRBC counts than infants with clear amniotic fluid.
The finding supports the view that neonates with meconium-
stained amniotic fluid suffer from foetal hypoxia since raised
nRBC levels are related to intrauterine hypoxia. Tissue
hypoxia results in increased levels of erythropoietin, which in
turn leads to stimulation of erythropoiesis, thus increasing the
number of circulating nRBCs.17

In this study, when Apgar score was analysed in relation to
the nucleated red blood cells, the mean £ SD nRBC value ata 5-
minute Apgar score of 0-3 was 17.66 +5.74 per 100 WBCs. The
count decreased to a value of 13.31 £ 4.25 per 100 WBCs at a
score of 4-5 showing an inverse proportion. These findings are
similar to the study findings of Behera JN et al18 who reported
that the mean nRBC count of 104 + 26.22 at an Apgar score of
0-3 decreased to 32 + 10.0 at an Apgar score of 4-5. Papa D et
al 11 also reported similar findings with nRBCs (mean + SD) of
26.23 £10.01 and 13.04 £ 6.42 in 5-minute Apgar scores of >6
and <6 respectively showing an inverse proportion.

Of the 50 neonates in the asphyxiated group, 21 (42%)
were in HIE stage 1, 23 (46%) in HIE stage Il and 6 (12%) in
HIE stage III. As the stage of HIE progressed from I to IlI, the
nucleated red blood cells increased in frequency from 9.4 +
4.57 in HIE-], to 14.45 £ 4.25 in HIE-II, and to 21 £ 2.94 in HIE
stage III. In a study by Elayoty M et al,19 asphyxiated neonates
exhibited a significantly higher number of nRBC/100 white
blood cells (median=120; range: 5- 835) than the control
group (median=1; range: 0-8; p=0.001). Newborns with severe
neurologic impairment (group III) had significantly higher
cord blood nRBC than group Il and I (p=0.001 each).

Boskabadi H et al20 demonstrated nRBC counts of
3.87/100 leucocytes for healthy infants, 9.75 for asphyxiated
neonates without HIE, 11.94 for HIE grade I, 21.08 for grade II
and 29.18 for HIE grade IIl. They found a significant
relationship between nRBC/100 WBCs and the degree of
encephalopathy (p<0.001). Korst LM et al2! also found a
higher level of nRBC in neurologically impaired neonates
(30.3.£ 77.5) than in normal neonates (3.4 + 3.0).

The mortality among cases of HIE was highest in stage III,
accounting for an overall of 6% of deaths in the asphyxiated
group and 50% of deaths in stage III of HIE. Out of 6 neonates
in HIE stage III, 3 neonates died in the ward. There were no
mortalities in stage [ and II. Pfenninger et al,22 reported a 51%
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overall mortality rate from among 27 neonates with hypoxic-
ischaemic encephalopathy. In a similar study Papa D etal,4 11
found an overall mortality rate of 34%. Behera N et all8
reported a mortality of 9% in HIE stage II, 68.1% in stage III,
and an overall mortality of 34% in their study. Among 36
infants, Boskabadi et al20 found favourable outcome (normal
neurologic development) in 22 infants and with adverse
outcome (10 deaths within the first month of life and 6 with
neurodevelopmental sequelae) in the other 16 infants.

The diagnostic validity of nucleated red blood cells in this
study showed a sensitivity of 76%, specificity of 90%, positive
predictive value of 88.3% and a negative predictive value of
78.9%. Boskabadi H et al20 reported that for an nRBC count of
>70/mm3, the sensitivity and specificity for the diagnosis of
foetal asphyxia were 83.4% and 73.5% respectively. Behera JN
et al,18 in their study reported a sensitivity of 94%, specificity
of 98%, positive predictive value of 97.9%, negative predictive
value of 94.2% and an overall accuracy of 98%.

CONCLUSION

In this study, a strong association is found to be present
between nucleated RBCs and perinatal asphyxia, directly
proportional with the degree of neurological outcome. So, in a
resource-limited setup, nRBCs count may be used as an easy,
economical and reliable alternative to detect perinatal
asphyxia and predict the neurological outcome such as HIE in
term newborns.
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