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Introduction 
 
Perinatal asphyxia (derived from Greek word a-sphyxos 
meaning born without an evident pulse) is one of the most 
important causes of fetal distress [1].Perinatal asphyxia 
remains a significant cause of perinatal morbidity and 
mortality the world over, and is known to complicate upto 
5 – 10% of all deliveries[2]. A wide variety of maternal, 
fetal and labor conditions give rise to perinatal asphyxia. 
Diagnosing perinatal asphyxia is important because of the 
potentially avoidable nature of the lesions, but due to the 
complex pathophysiological mechanisms involved in 
causing perinatal asphyxia,an early diagnosis becomes 
difficult. A wide variety of clinical parameters and labora-
tory tests are employed to diagnose perinatal asphyxia, 
like Apgar’s score, umbilical arterial acidemia/base ex-
cess,  intrapartum electronic fetal monitoring, fetal scalp 
pH measurement and presence of meconium in amniotic 
fluid. However, to date no single marker of perinatal as-
phyxia has shown good predictive efficacy and only a 
combination of various indices can help in an early diag-
nosis of perinatal asphyxia. Recently nucleated red blood 
cells (nRBC’s) have been reported as a marker of        
perinatal asphyxia [3]. 
 

Many acute and chronic diseases cause increase in the 
number of circulating nRBC’s,such as premature deliv-
ery, maternal diabetes mellitus, anemia in pregnancy 
[4],pregnancy induced hypertension. Fetal causes can be 
growth retardation(SGA),congenital heart diseases and 
premature delivery [5].  

 
In tropical countries like india, the cause of neonatal as-
phyxia may also be due to poor maternal health. In such 
countries nutritional state of the mother during pregnancy, 
deficiency diseases, parasitic infestations,  pregnancy in-
duced hypertension (PIH) diabetes mellitus are more 
prevalent. Most patients are inadequately treated because 
of lack of proper basic healthcare facilities, their absence 
during follow-up and non-compliance to the health care 
advice. Placental insufficiency is also very common in 
rural population because of illiteracy ,traditional habits , 
taboos, poor personal hygiene ,excess physical work ,low 
socio-economic status and non availability of nutritional 
supplements necessary during pregnancy.  This study was 
carried out with an aim of correlating hematological pro-
file of neonates cord blood with placental lesions in cases 
of   perinatal  asphyxia, with special emphasis on detailed 
gross and histopathological  examination  of  placenta. 

Material and Methods 
 
This study was carried out prospectively in Department of 
Pathology in collaboration with Department of Obstetrics 
and Gynecology and Neonatal Intensive Care Unit (NI-
CU), of  Department of Pediatrics. 
 
Detailed antenatal and perinatal history was taken, and all 
the newborns were examined to assess the 5 minute Ap-
gar’s score. The study was carried out on 50 neonates 
clinically suspicious of having asphyxia(study group), 
while 15 healthy neonates were taken as control. Single-
ton, term (≥ 37 weeks of gestation) neonates who were 
vaginally delivered with no maternal and neonatal com-
plications during and after delivery  having a 5 minute 
Apgar’s score 9-10, an umbilical artery pH > 7.20 were 

included in control group whereas neonates in study 
group were those who had a pH <7.20, 5 minute Apgar’s 
score of < 6, and/or a variability in Fetal heart rate 
(FHR).The study group was further subdivided into acute 
fetal distress(AFD-37 cases) and chronic fetal dis-
tress(CFD-13 cases).Mothers of neonates in the AFD 
group had a normal antenatal period and only just before 
or during delivery, the acute fetal distress (determined by 
FHR tracings) developed, because of various reasons such 
as cord occlusion ,hypertonic uterus ,premature rupture of 
membranes , abnormal presentation or prolonged delivery 
etc. In the CFD group there were women known to have 
disorders of placental insufficiency (pregnancy induced 
hypertension and diabetes) and showing the signs of 
chronic fetal hypoxia , such as abnormal fetal heart rate 
tracings during antenatal period, intra-uterine growth re-
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tardation(IUGR),oligohydramnios  etc. The criteria of pH, 
Apgar’s score & FHR variability were only strictly fol-
lowed in cases of acute fetal distress group and not in 
chronic fetal distress group.  
 
At delivery the umbilical cord was double clamped and 2 
ml of umbilical venous blood was collected and hemato-
logical tests were performed including hemoglobin esti-
mation, total leukocyte count, nRBC count / 100 WBC’s 
(cord blood smear examination) and  nRBC count/cumm 
of blood. pH estimation was done in 2 ml umbilical arte-
rial blood collected in  preheparanized  syringe. The pH 
analysis was done by arterial blood gas analyzer 
(ESCHWEILER,COMBISYS II)  
 
Placenta was collected in formalin from labor room and 
later processed for histopathological examination. After 
gross examination four sections were taken rou-
tinely(1cord,1membranes,2parenchyma) and additional 
sections were taken from any grossly visible lesion if pre-
sent. The sections were stained routinely with Haema-
toxylin & Eosin , Reticulin and  van-Gieson stain.  
 
All the statistical analysis was done on software Statisti-
cal Package for Social Sciences (SPSS) version 
10.Students  t – test was used to compare statistically  the  

value of nRBC’s/100 WBC’s between the control and 
both the acute fetal distress group and chronic fetal dis-
tress group separately ,and a value of  p<0.001 was taken 
as significant. 
 
Results 
 
Cord blood nRBC’s count   
     
In the present study 2.93 ± 1.10 nRBC’s/100WBC’s  or 
differently expressed 288.33 ± 76.64 nRBC’s/cumm of 
blood were found in control group and these values were 
well within normal limits. In the AFD group  20.00 ± 
12.92 nRBC’s/100WBC’s or 2221.78 ± 1407.24 
nRBC’s/cumm of blood were found, and these values 
were significantly higher (p<0.001) than the values of 
control group. In the CFD group (known to have chronic 
utero-placental insufficiency) 25.64 ± 15.28 nRBC’s/-
100WBC’s or 3219.00 ± 2449.61 nRBC’s/cumm of blood 
were found, and these values were also significantly high-
er(p<0.001)  than control group. Thus  both AFD & CFD 
cases exhibited increased nRBC count,but no statistically 
significant difference was seen between the AFD and 
CFD groups (p>0.01). 

 
Table 1. Showing Values of different hematological indices and statistical  Significance in cases and controls 

 
Group Hemoglobin  

(gm/dl) 
Mean ± S.D 

TLC 
(per cumm of blood) 

Mean ± S.D 

nRBC/100WBC 
Mean ± S.D 

nRBC/cumm of blood 
Mean ± S.D 

Control  (n=15) 17.33±1.65 10400.00±2904.43 2.93±1.10 288.33±76.64 
Acute fetal distress 
(AFD,n=37) 

16.45±2.57 11640.54±3629.39 20.00±12.92 2221.78±1407.24 

Chronic fetal distress 
(CFD,n=13) 

16.43±3.03 12118.18±2998.94 25.64±15.28 3219.00±2449.61 

AFD:Control _ _ p<0.001(significant) _ 

CFD:Control _ _ p<0.001(significant) _ 

CFD:AFD _ _ p>0.1  (not significant) _ 

 
Table 2. Showing results of histopathological lesions of placenta in control and  cases 

 

 

Group Infarct Fibrosis Fibrinoid 
necrosis 

Increased 
syncytial 

knots 

Increased 
villous 

vascularity 

Thrombosis 
of fetal ves-

sels 

Intervillous 
thrombus+fibrin   

plugs 
 

Intervillous 
oedema 

Control  
(n = 15) 

1 2 - 1 - - 1 - 

AFD 
 (n = 37) 

4 4 6 6 - 5 5 4 

CFD 
 (n = 13) 

9 8 11 11 10 5 4 11 
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Figure 1. Showing near inverse correlation between 
nRBC’s and 5-min APGAR’S score 
 

 
  

 
Figure 2. Showing near inverse correlation between 
nRBC’s and Umblical arterial pH  
 
 
Table I shows the Mean ± S.D (standard deviation) of 
various hematological parameters (hemoglobin, total leu-
kocyte count - TLC, nRBC’s/ 100WBC’s and 
nRBC’s/cumm of blood) in  AFD and CFD groups.  The 
correlation between 5 min – Apgar’s score and 
nRBC’s/100 WBC’s (of both control and study group), 

was r = - 0.90, t = 16.5 and p < 0.001,thus 5 min Apgar’s 
score and nRBC count were significantly correlated.   The  
graph in the  Figure1, shows the variation of nRBC’s/100 
WBC’s with 5 min – Apgar’s score. The correlation be-
tween umbilical arterial pH and nRBC’s/100 WBC’s (of 
both study and control group),was r =  -0.91, t = 16.5 and 
p < 0.001,thus umbilical arterial pH and nRBC count 
were significantly correlated. The graph in the  Figure2 
shows the variation of nRBC’s/100 WBC’s with umbili-
cal arterial pH. 
 
No statistically significant relationship was seen between 
nRBC count and sex, mode of delivery and hemoglobin 
concentration of the neonate. 

 
Observations of Placental Examination  
 
The placentas of study and control group were examined 
grossly and microscopically .On gross examination, the 
placenta of CFD group were found to be slightly lower in 
weight and in gross measurement in comparison to the 
control group. No significant difference in weight/-
measurement was seen on gross examination of placenta 
of  AFD and control groups.  

 
Histopathological examination of placenta was also done 
in all the cases of study and control group, placenta of 
neonates in AFD group showed fewer pathological 
changes, whereas these changes were marked  in CFD 
group(as enumerated in table II ),all pointing towards the 
chronic utero-placental insufficiency thereby leading to 
fetal nutrient and oxygen deprivation. 

 
The most notable findings of histopathological examina-
tion were, infarction of villi (Fig. 1), increased syncytial 
knots, increased villous vascularity (Fig. 2) intervillous 
thrombus and fibrin plugs (Fig. 3), intervillous edema, 
fibrosis and  prominent fibrinoid necrosis of the villi (Fig. 
4).    
 
 
 
 
 
 
 
 
 
 
 
 
The study was a purely institutional work and no grants 
were received from anywhere.  
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Figure 3.  Increased syncytial knots (x400 H&E) 
 
 

 
 
Figure 4. nRBC and polychromatic cells (Leishman’s 
x100) 
 

 
 
Figure 5. Infraction (x40 H&E) 

 
 
Figure 6. Intervillous thrombus (x100 H&E) 
 
 

 
 
Figure 7. Fibrosis of villi  and calcification(x100 H&E) 

 
Discussion 
 
In normal newborns less than 10 nRBC’s are found per 
100 white blood cells (WBC’s) or about 500 
nRBC’s/cumm of blood are within normal limit [6]. Ute-
ro-placental insufficiency leading to hypoxia is a very 
significant cause. Fox  commented that the number of 
nRBC’s is “a rough guide to the degree of oxygen depri-
vation” [3]. Hypoxia can be  acute or chronic, however 
the mechanism leading to raised nRBC’s in both the con-
ditions may be different [8]. 
 
In the largest study on nRBC’s Hanlon-Lundberg [5] 
found 9 cases out of 1112 having >100 nRBC’s/100 
WBC’s and said that these cases were enigmatic because 
8 cases out of these 9 had an uneventful antepartum, in-
trapartum and neonatal courses, they mentioned that no 
reason was found for such marked elevations .One of the 
case was born to a diabetic mother & was admitted to 
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NICU for treatment of ABO incompatibility. According 
to Hermansen [6] 1-2% of apparently normal newborns 
have idiopathic increase in nRBC’s,he also quoted that 
Naeye & Localio reported 2.4% of such outliers and 
Green & Mimouni found 5% of such outliers.In all these 
studies such markedly increased levels of nRBC’s were 
said to be enigmatic/idiopathic. With due respect to all 
these experienced researchers all of them turned a blind 
eye to such markedly increased levels, but the question 
was that if nRBC’s reflects asphyxia then how these neo-
nates with such markedly increased levels had no 
signs/symptoms of fetal distress??.The studies become 
self contradictory!! 
 
However in the present study in few cases there was  
marked raised nRBCs which may be because of chronic 
uteroplacental insufficiency. 
 
In the last decade so many researches have been done to 
prove that nRBC’s are a very reliable marker of perinatal 
asphyxia and all of them showed a inverse relationship 
between nRBC’s and so called direct markers of asphyxia  
(pH & Apgar’s score),but not a single study showed that 
the relationship is exactly linear (which theoretically 
should be according to the results of all these stud-
ies),then what was preventing the relationship to become 
exactly linear[9]?There definitely was a very significant 
cause and which was continuously being missed.   
 
A significant conclusion is the role of placenta in the 
newborns health/disease status,and this  important fact 
was  continuously being missed . 
 
These newborns must be having chronic utero-placental 
insufficiency, since the insufficiency in such cases is of 
very long duration, the fetus adapts to this long duration 
of placental insufficiency and shows no signs/symptoms 
of distress, but the fetus doesn’t  fights with this  severe 
distress by dangerous mechanisms (increasing acidosis & 
FHR variability-this is the reason for normal pH & Apgar 
score) instead the fetus moves into a safer mode and de-
velops another mechanism to fight this long duration and 
severe insufficiency (which is effective in protecting and 
rescuing the fetus),by raising its capacity to produce eryt-
hrocytes and also releases less mature RBC’s (the 
nRBC’s) into circulation to overcome this severe chronic 
hypoxia. This mechanism is mediated via erythropoietin 
and has already been proved by Ferber in 2004 [10].Later 
in 2005 Ferber [11] found that IL-6 is the mediator that is 
responsible for increased nRBC’s in cases of acute as-
phyxia. 
 
Again with due regards to all and especially Mr Hanlon & 
Lundberg  [5],they themselves solved these puzzle in their 
study where they found that one of those enigmatic neo-
nate was born to a diabetic mother (the disease is well 
known to cause utero-placental insufficiency) and was 

treated in NICU for ABO incompatibility. It is a very well 
known fact that ABO mismatch in newborns causes only 
mild hemolysis and this mild hemolysis cannot cause 
nRBC’s to rise to the extent >100/100 WBC’s. So, the 
real culprit was maternal diabetes which caused chronic 
utero-placental insufficiency and placed the neonate into 
that enigmatic group.     
 
According to Browne and Veall the maternal utero-
placental blood flow is decreased in pre-eclampsia [13]. 
According to Thompson fetal hypoxia is not uncommon 
near term and accordingly it may lead to fetal distress and 
fetal death [14]. Naeye and Friedman  calculated that 70% 
of the excess fetal deaths in women with hypertension are 
due to large placental infarcts and markedly small placen-
tal size [15]. Budliger  studied 95 placentas and found that 
infarcts were slightly more common and  larger in PIH 
than in controls[16]. Wentworth   examined 679 placentas 
and found infarcts in 67% cases of severe toxemia [17], 
Wallenburg  also found a significant increase of infarcts in 
toxemia [18].  
 
Tenney and Parker[19] emphasized that the increased 
budding of placental syncytium is characteristic of pre-
eclampsia. It shows as bunching of syncytial cytoplasm 
and agglomeration of nuclei, which produces characteris-
tic knots at the villous surface. Although some such knots 
are normally found in preterm and term placentas, the 
number of these syncytial knots is found to be much in-
creased in cases of toxemia. Tominaga and Page   attrib-
uted these morphologic changes in placenta to hypoxia 
[20]. 
 
Similar to the observation in our study Mathews and Ma-
sodkar also observed that fibrinoid necrosis was more 
common in pre-eclampsia [21,22]. 
 
Similarly fibrosis, thrombosis of fetal vessels, intervillous 
thrombus and fibrin plugs, have all been documented to 
get increased in cases of neonatal asphyxia[23]. 
     
Thus the findings of this study may have important impli-
cations in determining the etiology and pathological le-
sions leading to the compromised state of the neo-
nate(acute or chronic) and placental study should never be 
undermined in compromised newborns.  
 
Hence, it could be summarized  from the above men-
tioned discussion that few nRBC’s are present in normal 
newborns and an increase in nRBC count in cord blood is 
highly suggestive of perinatal asphyxia (acute or chron-
ic),and are even much more specific than Apgar score & 
pH (especially in chronic asphyxia).A significant fact 
which is missed in all the studies on nRBC’s  before, is 
that placental lesions play a very vital role in  the devel-
opment of  chronic asphyxia and this change in histomor-
phology of placenta is responsible for marked increase in 
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nRBC count in chronic asphyxia. Nevertheless a simple, 
cheap, rapid and non-invasive test of nRBC count, ob-
tained from an otherwise discarded sample of cord blood 
provides valuable information about the well being of the 
newborn, and correlates well with Apgar score, umbilical  
arterial pH (in acute fetal distress) and placental histo-
morphology ( especially in chronic fetal distress).Thus 
this study may be helpful in post natal monitoring and 
management of maternal and neonatal health, planning 
and managing subsequent pregnancies, and preventing 
perinatal asphyxia in future pregnancies if any specific 
cause/lesion  is found in the placenta itself. 
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