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Introduction
Neonatal hyperbilirubinemia needs appropriate and timely 

treatment no matter whether it may arise from physiological 
or pathological causes [1]. However left untreated physiological 
neonatal jaundice may tend to resolve spontaneously with 
increasing maturity of liver in most of neonates, whereas in 
pathological jaundice in substantial number of cases especially 
those with hemolytic states such as Rh, ABO incompatibility, 
minor blood group incompatibility [2,3] or G6PD deficiency, 
the hyperbilirubinemia may reaches to a level which is toxic 
enough to cause brain damage [4]. Bilirubin enters the brain 
as free (unbound) bilirubin or as bilirubin bound to albumin in 
the presence of a disrupted blood-brain barrier in conditions 
like severe metabolic acidosis, asphyxia and prematurity and 
damaged the brain neurons primarily and then also causes 
damage to astrocytes, oligodendrocytes and microglia [5]. 
Bilirubin induced neuronal damage is most commonly seen in 
the basal ganglia, various cranial nerve nuclei, other brainstem 
nuclei, cerebellar nuclei, hippocampus, and anterior horn cells 
of the spinal cord. Microscopically, there is necrosis, neuronal 
loss, and gliosis [6]. The neurological complication caused by 
hyperbilirubinemia includes bilirubin induced neurological 
dysfunction, acute bilirubin induced encephalopathy and 
chronic bilirubin encephalopathy (kernicterus). Acute bilirubin 
encephalopathy is characterized by three different phases with 
early phase characterized by hypotonia, lethargy, high-pitched 

cry, and poor suck. The intermediate phase is characterized by 
Hypertonia of extensor muscles (with opisthotonus, rigidity, 
oculogyric crisis, and retrocollis), irritability, fever, and seizures. 
The advanced phase have features of pronounced opisthotonus 
(although hypotonia replaces hypertonia after approximately 1 
week of age), shrill cry, apnea, seizures, coma, and death [7,8]. 

Chronic bilirubin encephalopathy (kernicterus) is featured by 
athetosis, complete or partial sensorineural deafness (auditory 
neuropathy), limitation of upward gaze, dental dysplasia, and 
sometimes, intellectual deficits [9]. Early discharge of healthy 
term newborns after normal vaginal delivery has become a 
common practice, because of medical reasons like prevention 
of nosocomial infections, social reasons like in early naming 
ceremony as practiced in Muslim community, and also due to 
economical constrains. Financial constraints, family and medical 
consideration has led to early discharge of the healthy term 
neonates after delivery. Thus the recognition, follow up and 
early treatment of Jaundice has become more difficult as a result 
of earlier discharge from the hospital [10,11].

American Academic of Pediatrics recommends that newborn 
discharged within 48 hours should have a follow-up visit after 
48 to 72 hours for any significant jaundice and other problems 
[12]. This recommendation is not appropriate for our country 
due to limited follow-up facilities in the community. These 
babies may develop jaundice which may be over looked or 
delay in recognition unless the baby is closely monitored 
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Abstract

Aim: To assess the usefulness of the cord blood bilirubin and cord albumin 
estimation as a predictor of subsequent neonatal hyperbilirubinemia in a healthy 
term infants and to compare their predictive abilities: a prospective study.

Material and Method: This study enrolled 200 full term neonates during the 
study period.  Bilirubin and albumin estimation was done from cord blood, 1st 
day, 3rd day and 5th day bilirubin estimation was done from peripheral venous 
blood. Relationship was seen between level of albumin and bilirubin.

Result: Cord  blood  bilirubin  level  of  >2 mg/dl  had  a  sensitivity  of  90%  
and specificity  of  53.89%,  positive  predictive  value  17.8%  and  negative  
predictive value of 98% in predicting the risk of neonatal hyperbilirubinemia. 
(p<.001). Cord  blood  albumin  level  of  ≤2.6 gm/dl  had  a  sensitivity  of  
80%  and specificity  of  86.67%,  positive  predictive  value  40%  and  negative  
predictive value of  97.5% in predicting the risk of neonatal hyperbilirubinemia 
(p<.0001) 1st  day bilirubin level of ≥5.7 mg/dl had a sensitivity of 90% and 
specificity  of  82.22%, positive predictive value of 36% and negative predictive 
value of 98.7% in predicting the risk of neonatal hyperbilirubinemia(p<.0001).

Conclusion: Cord bilirubin and albumin can be used as predictor for 
hyperbilirubinemia and for early review for jaundice especially in developing 
countries where regular follow up is difficult. 
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on regular follow-up. The concept of prediction of Jaundice 
offers an attractive option to pick up babies at risk of neonatal 
hyperbilirubinemia. Since the physical examination is not a 
reliable measure of the estimation of serum bilirubin. Under 
these circumstances it would be desirable to be able to predict 
the risk of significant jaundice, in order to implement early 
treatment and thereby minimize the risk of bilirubin dependent 
brain damage [13].

By predicting the newborns developing significant neonatal 
jaundice early at birth, we can design and implement the follow-up 
in the high risk groups effectively. Neonatal hyperbilirubinemia 
is a cause of concern for the parents as well as the pediatricians. 
Early discharge of healthy term newborns after delivery has 
become a common practice because of medical and social 
reasons and economic constraints. It is significant that most 
common cause for readmission during the early neonatal period 
is Hyperbilirubinemia [14]. The present study  was  therefore 
conducted to find out the critical value of cord blood bilirubin and 
cord blood albumin in predicting the subsequent development 
of significant neonatal jaundice requiring interventions like 
phototherapy or exchange transfusion which otherwise would 
have missed due to the  practices of early discharge and with the 
limited follow-up facilities in the community.

Materials and Methods
This was a hospital based, prospective study and was 

conducted in Department of Pediatrics, Umaid hospital attached 
to Dr. S. N.  Medical College, Jodhpur. The study group consisted 
of 200 full term healthy neonates delivered at Umaid Hospital, 
from December 1st 2012 to November 30th 2013. These 
neonates were followed from birth to 5th postnatal day.   Ethical 
clearance was obtained from the institutional research board 
(IRB) of Dr. S. N. medical college, Jodhpur.

Informed written parental consent was obtained from all 
cases. Data was collected as per the performa. Questionnaire 
method, maternal case file, and examination of the newborn 
were used to obtain the required data. Babies  were  examined  
daily  and  looked  for  evidence  of  jaundice,  sepsis, illness  
or  birth trauma.  Weight of the newborn was recorded and 
gestational age calculated. All the babies were followed up daily 
for first 5 postnatal days because peak serum bilirubin occurs 
between 3rd and 5th day. Cord blood was collected at birth for 
estimation of bilirubin and albumin. First day serum bilirubin 
was estimated using blood drawn 24 hours after birth. Blood 
was also drawn on 3rd and 5th day. Peripheral venous blood was 
used to measure serum bilirubin.

The main outcome of the study was inferred in terms of 
hyperbilirubinemia. Serum bilirubin ≥17 mg/dl after 72 hours 
of life was taken as Hyperbilirubinemia needing phototherapy 
and treatment is advised to all those full term healthy babies 
with serum bilirubin level of ≥17mg/dl after 72 hours of life, 
as per the American academy of Pediatrics practice parameter, 
2004 [12]. All the data was entered in Microsoft excel sheet 
and SPSS version 16 for window was used. Statistical data were 
analyzed with the independent sample t test and the descriptive 
analysis, chi-square tests and ANOVA. Sensitivity, specificity, 
negative and positive predictive value of the test was calculated. 
The critical cord bilirubin, cord albumin and first day bilirubin 

levels having the highest sensitivity and specificity were 
determined with the Receiver operating characteristics (ROC) 
curve analysis. Cord serum bilirubin, cord serum albumin and 
first day serum bilirubin concentration were used for developing 
‘prediction test’.  The sensitivity and specificity were calculated 
for predicting Hyperbilirubinemia.

Results
In the present study a total of 200 babies were registered.  

Out of these 55% were male and 45% were female. The male to 
female ratio was 1.22: 1. There was no significant difference in 
the number of male and female babies. Out of 110 male neonates, 
12 (10.9%) newborns developed significant hyperbilirubinemia 
while out of 90 female neonates, 8 (8.89%) newborns developed 
significant hyperbilirubinemia. This difference was not found 
significant statistically (p >0.05).                                     

The majority of the cases that is 101( 50.5 %) babies in this 
study belonged to birth weight group of 2.5-2.8 Kg while 72 
cases (36%) were from 2.9-3.2 Kg group and 27 cases (13.5%) 
has birth weight of >3.2 Kg. Out of 101 babies whose birth weight 
group was 2.5-2.8 Kg  10 (9.90%) babies developed significant 
Neonatal Hyperbilirubinemia, in the birth weight group of 2.9-
3.2 Kg whereas 8 (11.11%) babies out of 72 babies and in the 
birth weight group of >3.2 Kg only 2 (7.40%) babies out of 27 
babies has developed significant Neonatal Hyperbilirubinemia. 
In the present study there was no significant association between 
the birth weight of the newborn babies and the development of 
significant Neonatal Hyperbilirubinemia (p >0.9).     

Out of total 200 babies, mothers of 30 (15%) babies received 
oxytocin for the induction of labour and mothers of remaining 
170 (85%) babies did not receive oxytocin. Among 30 babies 
whose mothers received oxytocin  6 (20%) babies developed 
significant neonatal hyperbilirubinemia while out of 170 babies 
whose mothers did not receive oxytocin 14 (8.24%) babies 
developed significant neonatal hyperbilirubinemia. In the 
present study there was significant association between the 
babies whose mother was given oxytocin for induction of labour 
and significant neonatal hyperbilirubinemia (p <.05).  

Sex, religion, geographical area, birth weight, parity of mother, 
maternal gestational hypertension, mode of delivery, time of 
initiation of breast feeding is not associated with significant 
neonatal hyperbilirubinemia. In the present study mean value 
of the cord serum bilirubin was significantly higher in the babies 
who developed significant neonatal hyperbilirubinemia later 
(2.72 mg/dl) than the babies who did not develop neonatal 
hyperbilirubinemia (1.99 mg/dl) (p < .001)

Serum bilirubin level profile in first 5 postnatal days also 
infers that serum bilirubin level was significantly higher in the 
babies who developed significant neonatal hyperbilirubinemia 
later compared to the babies who did not develop neonatal 
hyperbilirubinemia (p < .001). For the prediction of significant 
neonatal hyperbilirubinemia, the cut off value of cord serum 
bilirubin of >2 mg/dl was chosen on the basis of receiver 
operating characteristics (ROC) curve analysis.  In the present 
study the cord serum bilirubin >2 mg/dl having the sensitivity 
90%, specificity 53.89%, positive predictive value 17.8% and 
negative predictive value 98% in the prediction of the neonatal 
hyperbilirubinemia ( p <.001 ) (Figure 1).
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Figure 3: Association between the first day bilirubin level and the 
neonatal hyperbilirubinemia.

Figure 2: Association between the critical cord albumin level and the 
neonatal hyperbilirubinaemia.

Figure 1:Association between the critical cord bilirubin level and 
the neonatal hyperbilirubinemia.
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For the prediction of significant neonatal hyperbilirubinemia, 
the cut off value of cord serum albumin of ≤2.6 gm/dl was 
chosen, on the basis of receiver operating characteristics (ROC) 
curve analysis. In the present study the cord serum albumin ≤2.6 
gm/dl having the sensitivity 80%, specificity 86.67% , positive 
predictive value 40% and negative predictive value 97.5% in 
the prediction of the neonatal hyperbilirubinemia ( p <.0001 ) 
(Figure 2).

For the prediction of significant neonatal hyperbilirubinemia, 
the cut off value of first day serum bilirubin of >5.7 mg/dl was 
chosen, on the basis of receiver operating characteristics (ROC) 
curve analysis .1st day bilirubin level of ≥5.7 mg/dl had a 
sensitivity of 90% and specificity of 82.22%, positive predictive 

value of 36% and negative predictive value of 98.7% in predicting 
the risk of neonatal hyperbilirubinemia. (p<.0001) (Figure 3).

Discussion
In this present study, we assessed the ability of cord 

bilirubin, cord albumin and first day bilirubin level to be a tool 
for screening for the risk of subsequent neonatal jaundice. In 
the present study, study group was uniformly distributed with 
110 male and 90 female babies and there was no significant 
correlation (p=0.059) between the development of significant 
neonatal hyperbilirubinemia and the sex of the newborn. The 
present study is in correlation with the study done by Taksande 
et al. [13] and Rostami and Mehrabi [15]. However, Maisels 
and Kring [16] and Satrya et al. [17] showed that male sex has 
more risk of readmission for neonatal hyperbilirubinemia, this 
could be explained on the basis that in developing countries 
male neonates are taken care more in comparison to the female 
neonate because of gender discrimination prevalent in society 
of the developing countries and the same was seen in our study 
as our study enrolled neonates whose parents were from rural 
background.

In our study religion, geographical area, birth weight, parity 
of mother, maternal gestational hypertension, mode of delivery 
and time of initiation of breast feeding is not associated with 
significant neonatal hyperbilirubinaemia. Sun G et al. [18] and 
Sahu et al. [19] showed that there is no correlation between 
the neonatal hyperbilirubinemia and the birth weight of the 
newborn. (p>0.05). Sun G et al. [18], in a study showed that there 
is no correlation between the neonatal hyperbilirubinemia and 
the gestational age of the newborn (p>0.05). Taksande et al. [13], 
Rostami and Mehrabi [15], Satrya et al. [17], Knudsen [20] and 
Awasthi and Rehman [21] showed that there is no significant 
association between the mode of delivery and neonatal 
hyperbilirubinemia as seen in our study. This could be explained 
as the metabolism of bilirubin does not depend upon the mode 
of delivery.  Awasthi and Rehman [21], showed there is no 
significant correlation between the timing of initiation of breast 
feeding and neonatal hyperbilirubinemia. Taksande et al. [13] 
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and Awasthi and Rehman [21] showed no correlation between 
the neonatal hyperbilirubinemia and maternal gestational 
hypertension because maternal hypertension will not have any 
effect on the metabolism of bilirubin.

In the present study, there was significant association (p 
<0.05) between the babies   given fluids and other medications 
with the development of neonatal hyperbilirubinemia. But there 
is a significant association between the induction of labour 
with oxytocin and  the neonatal hyperbilirubinemia (p <0.05). 
The  present study is in correlation with Taksande et al. [13], 
Rostami and Mehrabi [15], Awasthi and Rehman [21] and 
Oral E et al. [22]. This could be explained by the mechanism of 
hyperbilirubinemia with Oxytocin   induction of labour- Oxytocin 
induces hyponatremia and hypo-osmolality in the mother by 
virtue of its anti-diuretic and saluretic effects. These biochemical 
changes are aggravated by the infusion of electrolyte-free 
dextrose solution used as a vehicle for administration of oxytocin. 
Transplacentally transmitted hypo-osmolality in the fetal blood, 
leads to enhanced osmotic fragility of the red blood cells.  The 
swollen  and  hyper fragile erythrocytes  are easily trapped  by  
the  spleen  resulting  in  net  higher  bilirubin production [22].

In  the  present  study, on  ROC  curve  analysis  critical  cord  
bilirubin  level >2mg/dl with high sensitivity and high specificity 
is selected. The probability that a neonate with cord bilirubin 
>2mg/dl would later become hyperbilirubinaemia (positive 
predictive value) was 17.8%. The negative predictive value, the 
probability of non-hyperbilirubinemia given a cord bilirubin 
≤2mg/dl was   98%. If a child   become   hyperbilirubinemic, 
the   probability   that   the   cord   bilirubin was >2mg/dl was 
90% (sensitivity). Given a non-hyperbilirubinemic child, the 
probability that the cord bilirubin was ≤2mg/dl was 53.9% 
(specificity).

Several studies are published on the usefulness of cord 
bilirubin concentration in prediction of hyperbilirubinemia. 
Taksande et al. [13], showed that the cord bilirubin level  
>2mg/dl has a sensitivity 89.5%, specificity 85%, negative 
predictive value of 98.7% and positive predictive value of 
38.8% in correlation with the present study. Knudsen et al. [20], 
established that if the cord bilirubin was below 20 µmol/l, 2.9% 
became jaundiced, as opposed to 85% if the cord bilirubin was 
above 40 µmol/l. Furthermore, 57% of jaundiced infants with 
cord bilirubin above 40 µmol/l required phototherapy, but 
only 9% if the cord bilirubin was 40 µmol/l or lower (0.008) 
in correlation with the present study. Nahar et al. [23] showed 
that the cord bilirubin level ≥2.5mg/dl has a sensitivity 77%,  
specificity  98.6%,  with  negative  predictive  value  of  96%  in 
correlation with the present study. Bernaldo and Segre [24] in 
2005 showed that the cut off point for unconjugated bilirubin 
in cord blood was ≥2.0mg/dl the probability that the newborn 
would need phototherapy was 53%.  When  cord  blood  bilirubin  
was  2.5mg/dl  the  probability needing  phototherapy  was  72%,  
when  the  level  was  3.0mg/dl,  the  probability  of needing 
treatment was 86%, and if it was 3.5mg/dl, the probability went 
up to 93%. This could be explained because the newborns with 
higher cord bilirubin level have more rapid increase in serum 
bilirubin and have high chances of neonatal hyperbilirubinemia 
and more chances of requiring phototherapy.

Satrya et al. [17] and Sun et al. [18] studies are in correlation 

with the present study. Rostami and Mehrabi [15] on their 
study to identify healthy newborns at risk for developing 
significant hyperbilirubinemia by measuring bilirubin level 
in cord blood in 643 full term infants. Serum bilirubin level 
was obtained on umbilical cord serum and on day three of 
age. The total bilirubin ≥ 239µmo1/1 (14 mg/dl) was defined 
as significant hyperbilirubinemia. They concluded that cord 
serum bilirubin level cannot identify newborns with subsequent 
significant hyperbilirubinemia. Our study infers that cord 
serum bilirubin >2 mg/dl can be used as an early predictor of 
neonatal hyperbilirubinemia. This difference could be because 
of geographical difference in the study population.

In  the  present  study,  on  ROC  curve  analysis  critical  cord  
albumin  level ≤2.6gm/dl with high sensitivity  and high specificity 
is selected. The probability that a neonate with cord albumin 
≤2.6 gm/dl would later become hyperbilirubinaemia (positive 
predictive value) was 40%. The negative predictive value, the 
probability of non-hyperbilirubinemia given a cord albumin 
>2.6 gm/dl was 97.5%. If a child becomes hyperbilirubinemic, 
the probability that the cord albumin was ≤2.6 gm/dl was 
80% (sensitivity).  Given a non-hyperbilirubinemic   child,   the 
probability that the cord albumin was >2.6 gm/dl was 86.67% 
(specificity). 

A study done by Suchanda Sahu et al. [19], showed the 
prediction of significant hyperbilirubinemia by measuring cord 
blood albumin. 82% of neonate who had cord blood albumin 
level <2.8g/dl developed hyperbilirubinemia. The present study 
infers that cord serum albumin ≤ 2.6 gm/dl can be used as an 
early predictor of neonatal hyperbilirubinemia. Cord serum 
bilirubin being more sensitive than cord serum albumin, is more 
effective to pick the babies who develop significant neonatal 
hyperbilirubinaemia when comparing each other.

In the present study, on ROC curve analysis critical 1stday 
bilirubin level with high sensitivity and high specificity >5.7 mg/
dl is selected. The probability that a neonate 1st day bilirubin 
higher than >5.7 mg/dl would later become hyperbilirubinemia 
(positive predictive value) was 36%. The negative predictive 
value, the probability of non-hyperbilirubinemia given a 
1st day bilirubin ≤5.7 mg/dl was 98.7%. If a child become 
hyperbilirubinemic, the probability that the 1st day bilirubin 
was >5.7 mg/dl was 90% (sensitivity). Given a non-
hyperbilirubinemic child, the probability that the 1st day 
bilirubin was ≤5.7 mg/dl was 82.2% (specificity).

Randev and Grover [25], in a study, a total of 200 neonates were 
enrolled, 24 neonates (i.e., 12%) developed hyperbilirubinemia. 
The mean first day TSB value in the neonates who subsequently 
developed hyperbilirubinemia was 7.716 mg/dl as compared  
to  a  value  of  5.154  mg/dl  in  those  who  did  not.  The 
difference was significant (p=0.000). Using Receiver operating 
characteristic (ROC) curve analysis, a value of 6.4 mg/dl (first 
day TSB) was determined to have the best predictive ability 
for subsequent hyperbilirubinemia with a sensitivity of 87.5%, 
specificity of 80.11%, positive predictive value of 37.5% and a 
negative predictive value of 97.92%.

Awasthi and Rehman [21], with the 1st day bilirubin level of 
≥3.99mg/dl showed that it has a sensitivity 68.6%, specificity 
71%, positive predictive value 35% and negative predictive 
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value of 96% in predicting neonatal hyperbilirubinemia.  
Alpay et al. [26], with the 1st day bilirubin level of ≥6mg/dl 
showed that it has a sensitivity 90%, specificity 65.3%, positive 
predictive value 26.3% and negative predictive value of 97.9% in 
predicting neonatal hyperbilirubinemia. Triasih et al. [27], with 
the 1st day bilirubin level of >4.5mg/dl showed that  it  has a 
sensitivity 90%, specificity 71.9%, positive predictive value 50% 
and negative predictive value of 96.8% in predicting neonatal 
hyperbilirubinemia.

The present study infers that 1st day (24hrs) bilirubin 
>5.7 mg/dl can also be used as an early predictor of neonatal 
hyperbilirubinemia. Knowing the fact that still many deliveries 
are being conducted at home or health centers where laboratory 
investigations facilities are not available, or by the time these 
babies reach to higher center it may not be possible to obtain cord 
blood due to dried up cord. In such scenario, first day bilirubin 
may be used to predict significant neonatal hyperbilirubinemia 
with sensitivity of 90% and positive predictive value of 36%. 
In the present study we enrolled only term neonates, hence 
applying this study to preterm remains a question and we need a 
large number trial that enrolls both term and preterm neonates. 
The other limitation included the long term follow up of the 
enrolled neonates in the study.

Conclusion
It is recommended to have cord blood bilirubin and cord blood 

albumin estimation of all healthy term babies delivered in an 
institution to prevent the dangerous consequences of neonatal 
hyperbilirubinemia like kernicterus. Cord serum bilirubin being 
more sensitive than cord serum albumin, is more effective to pick 
the babies who develop significant neonatal hyperbilirubinemia. 
Since all newborn are not delivered at hospitals, blood 
investigations on cord blood may not be possible when they 
reached to hospitals. In such cases first day bilirubin may help in 
prediction of significant hyperbilirubinemia. The neonatologist 
must understand the significance of hyperbilirubinemia and 
also understand the long term morbidity which kernicterus can 
cause. The neonatologist can take cord bilirubin can an early 
predictor of significant hyperbilirubinemia and these at high risk 
neonates need to be followed up for jaundice and aggressively 
treated when requirement of phototherapy is there.
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