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ABSTRACT 
 

Perinatal asphyxia is a major cause of neonatal mortality and chronic neurologic disability amongst survivors. There is no single 

parameter to define perinatal asphyxia. Recent studies have established a correlation between cord blood nucleated red blood cell 

count and severity of perinatal asphyxia. 

  

AIMS AND OBJECTIVES 

To evaluate the utility of cord blood nucleated red blood cell/100 WBC count in early identification of perinatal asphyxia and in 

predicting its severity. 

 

MATERIALS AND METHOD 

This is a case-control study with a total number of 100 subjects, out of which 50 are asphyxiated/case group and the other 50 are 

non-asphyxiated/control group, which include neonates born in Gandhi Hospital in the Department of Obstetrics and Gynecology. 

Immediately after birth, umbilical cord blood is collected and a thin blood smear slide is prepared which is stained with Leishman 

stain for NRBC count. The NRBC count of the case group and the control group is compared. The results were analyzed statistically. 

 

RESULTS 

The mean NRBC count in case group was 38.3 and that in control group was 5.24 with significant rise in cord blood NRBC/100 

WBC count in case group compared to controlled group with p value <0.001. Increase in NRBC/100 WBC count was also associated 

with increased severity of HIE in case group. 

 

CONCLUSION 

In conditions where blood gas analyzers are not easily available, cord blood NRBC count can be used as a cheaper and reliable 

alternative to predict perinatal asphyxia and to assess its severity. 
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INTRODUCTION 

Perinatal asphyxia is the most important and common cause 

of preventable cerebral injury occurring in the neonatal 

period. In spite of major advances in monitoring technology 

and knowledge of fetal and perinatal medicine, perinatal 

asphyxia remains as one of the significant causes of mortality 

and long-term morbidity. In India, between 250,000-350,000 

infants die each year due to birth asphyxia.1  
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WHO has defined perinatal asphyxia as a “Failure to 

initiate and sustain breathing at birth.”2 American Academy 

of Pediatrics (AAP) and American College of Obstetrics and 

Gynaecology (ACOG) define perinatal asphyxia when all the 

following criterias are met.3 

1. Profound metabolic or mixed acidemia (pH < 7.00) in an 

umbilical arterial blood sample. 

2. Apgar score of 0-3 > 5 min. after birth. 

3. Neonatal encephalopathy (e.g., Seizures, coma, 

hypotonia). 

4. Multiple organ involvement (Kidney, lungs, liver, heart, 

intestines). 
 

Hypoxic Ischemic Encephalopathy (HIE) refers to the 

CNS dysfunction associated with perinatal asphyxia. HIE is of 

foremost concern in an asphyxiated neonate because of its 

potential to cause serious long-term neuromotor sequelae 

among survivors. A detailed classification of HIE (Stage I, 

Stage II and Stage III) in term neonates was proposed by 

Sarnat and Sarnat.4  

http://www.springerreference.com/docs/link/2076074.html?s=109152&t=acidemia
http://www.springerreference.com/docs/link/2127050.html?s=109152&t=Apgar+score
http://www.springerreference.com/docs/link/2167171.html?s=109152&t=hypotonia
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Parameters that have been used to predict or define 

perinatal asphyxia include: Intrapartum electronic fetal 

monitoring, fetal or umbilical cord pH measurement, 

meconium-stained amniotic fluid, Apgar score, Hypoxic 

Ischemic Encephalopathy (HIE), and major organ disorder. 

However, no single marker of perinatal asphyxia has shown 

good predictive efficiency and only a combination of various 

indices can help in the early diagnosis of perinatal asphyxia. 

NRBC counts in umbilical venous blood of neonates 

have been reported as a possible marker of perinatal 

asphyxia.5,6 Many acute and chronic stimuli cause increases in 

the number of circulating nRBCs from either increased 

erythropoietic activity or a sudden release from the marrow 

storage pools.7 Previously reported causes of a high NRBC 

count include: Prematurity, ABO or Rh incapability, maternal 

diabetes, intrauterine growth retardation, acute asphyxia, 

congenital infection, cyanotic heart disease, pre-eclampsia, 

maternal smoking, and chorioamnionitis.8 

The hypoxic event induces a compensatory response in 

the form of exaggerated erythropoiesis resulting in the 

release of immature red blood cells into the fetal circulation. 

The number of NRBC/100 WBC is variable but is rarely 

greater than 10 in normal neonates.9,10 Our study attempts to 

evaluate the predictability of presence and severity of 

perinatal asphyxia with the help of cord blood NRBC/100 

WBC count and also to assess its sensitivity and specificity in 

diagnosing perinatal asphyxia. 

 

AIMS AND OBJECTIVES 

1. To assess the nucleated red blood cell/100 WBC count 

in cord blood of a group of asphyxiated neonates. 

2. To evaluate the utility of cord blood nucleated red blood 

cell/100 WBC count in early identification of perinatal 

asphyxia. 

3. To determine its predictive value for severity and short-

term outcome of perinatal asphyxia. 

 

MATERIALS AND METHODS 

A case controlled study, which includes 50 cases and 50 

controls was designed. The study group includes the babies 

born to mothers who delivered in Gandhi Hospital, and 

satisfying the inclusion criteria for cases and controls. 

Neonates born at 37-42 weeks of gestation with thick 

meconium staining of liquor, signs of fetal distress and/or 

Apgar at 1 and 5 min <7 are included in the case group. Non-

asphyxiated newborns born at 37-42 weeks of gestation with 

Apgar score >7 at both 1 and 5 min. clear amniotic fluid and 

normal neurologic evaluation during the 1st week are 

included in the control group. Neonates born to mothers with 

pre-eclamptic toxemia, diabetes mellitus, Rh-sensitization 

and chorioamnionitis; born at preterm; with birth weight                

< 2500 (IUGR) are excluded from the study. 

Immediately after birth, umbilical cord blood is 

collected from doubly clamped cord in EDTA bottle. A slide is 

prepared which is stained with leishman stain. The slides wre 

then studied for NRBC/100 WBC count. The subjects were 

followed up till discharge from the hospital or death of the 

subject. Detection and staging of HIE among the asphyxiated 

group was done according to the Sarnat and Sarnat staging.  

The nRBC count of the case group and the control group 

is compared. The nRBC count of subjects belonging to 

different stages of HIE is then compared.  

The results were analyzed statistically. The Chi square 

test/fisher exact test were applied to study the association 

between the variables as appropriate. 
 

PERIOD OF STUDY 

This study was conducted from January 2015 to August 2015. 
 

RESULTS 

There was no significant difference between case group and 

control group in terms of maternal age, parity, mode of 

delivery, sex of the newborn and birth weight. (Table – 1) 
 

Parameters Cases Controls 
P 

value 
Maternal age (in 

yrs) 
23.6±5.5 23.7±4.7 0.92 

Parity (P/M) 26/24 23/27 0.27 
Mode of delivery 

(V/L) 
32/18 29/21 0.44 

Gender (M/F) 29/21 28/22 0.42 
Mean birth weight 

(in grams) 
2.83±0.55 2.89±0.55 0.58 

Table 1: Comparison of Variables between  
Cases and Controls 

 

P – Primipara; M- multipara; V – vaginal delivery;                    

L – LSCS; M – male; F – female. 
 

There was a significant rise in NRBC count in case group 

as compared to control group. The mean NRBC count among 

cases was 38.3, whereas that of controls was 5.24. (Table 2 

and Table 3). 

 

 Cases Controls Total 
Positive 

(NRBC/100WBC >10) 
44 5 49 

Negative 
(NRBC/100WBC <10) 

06 45 51 

Total 50 50 100 
Table 2 

 

P value – <0.001 

 

 Cases Controls 
Mean NRBC/100 WBC count 38.3 5.24 

Range 6-103 1-18 
Table 3: Mean NRBC Count in Cases and Controls 

 

P value - <0.001 
 

The rise in NRBC count was also noted to be more as the 

severity of the HIE increases. (Table 4) 
 

Stages of HIE HIE I HIE II HIE III 
POSITIVE 10 23 9 

NEGATIVE 4 1 0 
TOTAL 14 24 9 

Mean NRBC/100 WBC 17.9 38.87 77.33 
Table 4: Mean NRBC Count Among the Cases 

 

HIE – hypoxic ischemic encephalopathy; P value - <0.001 

 

NRBC/100 WBC Count Cases Controls 
0-10 06 45 

11-50 31 5 
51-100 12 0 

101-150 1 0 
Total 50 50 

Mean NRBC/100 WBC 38.3 5.24 
Table 5: Distribution of NRBC’s in Cases and Controls 
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CONCLUSION 

In our study, cord blood NRBC/100 WBC count is found to be 

helpful in early identification of HIE and in predicting its 

severity with a sensitivity of 88% and specificity of 90%. The 

positive predictive value was found to be 89.7% and the 

negative predictive value was 88.2%. Hence, we conclude that 

cord blood NRBC/100 WBC count is a reliable marker for 

diagnosing perinatal asphyxia and also in predicting its 

severity. In the centers where blood gas analyzers are not 

easily available, it is a reliable and less expensive alternative 

to predict the severity of perinatal asphyxia. 
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