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Background:  Neonates with ABO hemolytic 
disease are at greater risk for developing significant 
hyperbilirubinemia. We aimed to determine whether sixth 
hour transcutaneous bilirubin (TcB) could predict such a 
risk.

Methods: TcB measurements were obtained at the 6th 
hour of life in blood group A or B neonates born to blood 
group O, rhesus factor compatible mothers. Subsequent 
hyperbilirubinemia was monitored and considered 
significant if a neonate required phototherapy/exchange 
transfusion. The predictive role of sixth hour TcB was 
estimated.

Results: Of 144 ABO incompatible neonates, 41(O-
A, 24; O-B, 17) had significant hyperbilirubinemia. 
Mean sixth hour TcB was significantly higher among 
neonates who developed significant hyperbilirubinemia 
than those who did not (5.83±1.35 mg/dL vs. 3.65±0.96 
mg/dL, P<0.001). Sixth hour TcB value >4 mg/dL had 
the highest sensitivity of 93.5% and >6 mg/dL had the 
highest specificity of 99%. Area under receiver operating 
characteristic curve was 0.898.

Conclusion: Sixth hour TcB predicts subsequent 
significant hyperbilirubinemia in ABO incompatible 
neonates.
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Introduction

Neonatal hyperbilirubinemia is the most common 
cause for readmissions within days after initial 
discharge.[1-4] Hemolytic jaundice accounts for 

20% of all significant jaundice in newborns, and ABO 
and Rh incompatibility comprise two thirds of the 
total.[2] Currently, ABO hemolytic disease (ABO-HD) 
is the most common cause of neonatal jaundice because 
of blood group incompatibility.[1-5]

Early postnatal discharge of newborns is complicated 
by subsequent significant hyperbilirubinemia.[1,2,4] Such a 
risk is greater in newborns with ABO incompatibility.[4] 
The clinical course of ABO-HD has been studied along 
with the reticulocyte count, Coombs positivity and/or a 
strongly positive elution test and the presence of a sibling 
with neonatal jaundice as predictors.[5-7] However, other 
studies did not support the use of any routine screening 
tests in the management of ABO-HD and reported that 
such tests are not cost effective.[8,9]

Early serum bilirubin and reliable transcutaneous 
bilirubin (TcB) measurements predicting subsequent 
severe hyperbilirubinemia among term and near term 
infants have been well documented.[10,11] Sarici et al[4] 
reported a sixth hour serum bilirubin level predicting 
nearly all newborns developing subsequent significant 
hyperbilirubinemia and severe hemolytic disease among 
ABO incompatible newborns. However, estimation 
of serum bilirubin is invasive and painful. We aimed 
to study whether the sixth hour TcB could predict 
subsequent significant hyperbilirubinemia in term and 
late preterm newborns with ABO incompatibility.

Methods
All inborn neonates with blood groups A or B born to 
blood group O mothers were enrolled prospectively 
for the study at Kasturba Hospital between November 
2008 and July 2009. The institutional ethical committee 
approved the study, and informed consents were 
obtained from the parents. Neonates with simultaneous 
Rhesus blood factor incompatibility, group A or B who 
were born to heterospecific A or B mothers, outborn 
neonates and those less than 34 weeks of gestation were 
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excluded. Blood grouping, Rhesus factor study and 
direct Coomb's test were performed on the cord blood. 
TcB measurements were obtained on the sternum at 
the 6th hour of life (between 6-8 hours) using JM-103 
(Minolta, Airshields). Onset and progression of jaundice 
was monitored subsequently by visual assessment and 
TcB at 6-12 hour intervals. Serum bilirubin levels were 
obtained when TcB values were between 9-15 mg/
dL depending on the gestational age, birth weight and 
postnatal age to decide the interventions. Phototherapy 
or exchange transfusions were based on Cockington's 
chart.[12] Neonates receiving these interventions were 
considered to have significant hyperbilirubinemia. In 
these neonates, peripheral smear, reticulocyte count 
and hematocrit values were obtained. Evidence of 
hemolysis included reticulocytosis and/or presence 
of spherocytes in the peripheral smear. Glucose-6-
phosphate dehydrogenase (G-6PD) enzymes were 
estimated only in neonates with evidence of hemolysis.

Demographic characteristics like gender, birth 
weight, gestational age and mode of delivery were 
noted in all neonates along with history of jaundice in 
the sibling, presence of cephalhematoma, bruising and 
hepatomegaly/splenomegaly. The critical TcB levels at 
the sixth hour with different sensitivity and specificity 
were determined. Statistical data were analyzed with 
independent sample t test. Predictive role of the sixth 
hour TcB was evaluated using the receiver operating 
characteristic curve (ROC) analysis.

Results
During the study period, 151 (17.2%) newborns out 
of 878 live births were ABO incompatible with their 
mothers. Seven neonates less than 34 weeks of gestational 
age were excluded. O-A group constituted 52.1%, and 
O-B group, 47.9% in the remaining 144 neonates.

Table 1 shows the characteristics of the neonates. 
For ty -one  (28 .5%)  neona tes  had  s ign i f i can t 
hyperbilirubinemia and required phototherapy. None 
required exchange transfusion. The mean bilirubin 
value was 14.5±2.3 mg/dL. O-A and O-B groups 
represented 58.5% and 41.5%, respectively. Twenty-
two of 41 (53.7%) neonates had evidence of hemolysis 
(14 in OA group, 8 in OB group). Among these 22 
neonates, 5 had hepatosplenomegaly. Three neonates 

in the O-A group had positive direct Coomb's test, 
and they all had significant hyperbilirubinemia. All 
infants were exclusively breastfed. The gender, birth 
weight, gestational age and mode of delivery were 
not significantly different between newborns with or 
without significant hyperbilirubinemia. The bilirubin 
level rose to intervention level in four neonates with 
cephalhematoma during the initial 24-36 hours. There 

Fig. The receiver operating characteristic curve with performance of 
transcutaneous bilirubin values at the sixth hour of life in predicting 
significant hyperbilirubinemia.
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Variables n %
Male sex 71 49.3
O/A incompatibility 75 52.1
Birth weight <2499 g 35 24.3
Gestational age <37 wk 20 13.9
Vaginal delivery 85 59.0
Multipara mothers 61 42.4
Sibling treated for jaundice   5   3.5
Cephalhematoma   4   2.8
Significant hyperbilirubinemia 41 28.5
Evidence of hemolysis 22 15.3

Table 1. Characteristics of study neonates (n=144)

SD: standard deviation; TcB: transcutaneous bilirubin.

Neonates
TcB value at 6th hour of life (mg/dL) 
Range Mean    SD P value

Neonates with significant 
hyperbilirubinemia

3.1-8.5 5.83      1.35 <0.001

Neonates without significant 
hyperbilirubinemia

1.7-5.6 3.65      0.96

Table 2. Comparison of six-hour TcB values among ABO incompatible 
neonates with or without subsequent significant hyperbilirubinemia

TcB value at sixth hour (mg/dL) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)
>4 93.5 70.5 58.1 96.1
>5 69.6 87.6 71.1 86.8
>6 47.8 99.0 95.7 81.2

Table 3. Predictive characteristics of TcB values at six hour life for the development of significant hyperbilirubinemia

TcB: transcutaneous bilirubin.
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was no case of G-6PD deficiency. There was no weight 
loss beyond physiological range (7% of birth weight) 
in neonates requiring phototherapy. History of sibling 
treated for jaundice was reported in 5, but the exact 
etiology for intervention in all of them could not be 
identified.

The mean sixth hour TcB value was significantly 
higher in neonates who developed significant 
hyperbilirubinemia than those who did not (P<0.001) 
(Table 2). The sixth hour TcB value of >4 mg/dL had 
the highest sensitivity (93.5%) and >6 mg/dL had the 
highest specificity (99%) (Table. 3). The ROC curve 
demonstrated discriminative performance of sixth 
hour TcB. Area under curve of 0.898 indicated good 
predictive ability (Fig.).

Discussion
About 8%-11% of well neonates require interventions 
for hyperbilirubinemia and about 30% require 
continued monitoring.[2] Early postnatal discharge faces 
the risk of subsequent significant hyperbilirubinemia. 
The risk of unmonitored jaundice is not known and 
rapidly raising bilirubin reaching a high level may lead 
to bilirubin encephalopathy and related complications. 
Kernicterus has never completely disappeared even in 
North America.[13] Predischarge risk assessment and 
appropriate follow-up are the key elements to prevent 
kernicterus.[13-15] The risk identification by first day 
serum bilirubin levels has been well studied in term and 
late preterm newborns.[2,10,11,15,16] Randev and Grover[16] 
reported that first day serum bilirubin level of less 
than 6.4 mg/dL had a minimum risk for subsequent 
hyperbilirubinemia.

Although most cases of jaundice due to ABO 
incompatibility are mild, significant hyperbilirubinemia 
of 9%-21.3% requiring phototherapy and severe 
hyperbil irubinemia of 4% requiring exchange 
transfusion have been reported.[4,17,18] The exchange 
transfusion rate was 40% in another study.[19] The 
slightly higher rate of significant hyperbilirubinemia 
of 28.5% in the present study may be due to Asian 
race.[20] Racial difference in ABO-HD with higher 
jaundice level in Asian and African races has been 
recognized.[19-21] Cephalhematoma typically contribute 
to hyperbilirubinemia at 48-72 hours of life.[20] Kaplan 
et al[22] reported a higher rate (51.8%) of overall 
hyperbilirubinemia in direct antiglobulin test positive 
neonates. 

The routine screening for neonatal ABO-HD by 
several tests was found to have no role.[8,9] Sarici et 
al[4] reported the sixth hour serum bilirubin levels of 
4 mg/dL and 6 mg/dL predicting nearly all newborns 

developing significant hyperbilirubinemia and severe 
hemolytic disease, respectively. Schutzman et al[23] 
in their retrospective study using serum bilirubin 
estimations demonstrated reliable applicability of the 
Bhutani's nomogram[10] in direct Coombs-positive, 
ABO incompatible infants. Serum bilirubin estimation, 
however, is painful and one needs to wait for reports. 
TcB, on the other hand, is non-invasive, pain free, 
handy and provides rapid reports. Lease and Whalen[24] 
suggested predischarge systematic assessment for 
risk of developing severe hyperbilirubinemia in all 
newborns. In this context, we evaluated the predictive 
role of sixth hour TcB for hyperbilirubinemia in a 
defined subgroup.

Sixth  hour  TcB >4 mg/dL detected 93.5% 
neonates at risk of developing subsequent significant 
hyperbilirubinemia with a specificity of 70.5%. Sarici 
et al[4] found serum bilirubin of 4 mg/dL having the 
highest sensitivity of 86.2%. The TcB value of >6 
mg/dL at 6 hours in the present study had the highest 
specificity of 99%. Optimum cut off value was 4.6 mg/
dL with a sensitivity of 80.4% and a specificity of 82%. 
The area under ROC curve of 0.898 (predictive point: 
89.8%) is closer to 0.862 (predictive point: 86.2%) for 
the sixth hour serum bilirubin in a study by Sarici et 
al.[4] Stoniene et al[25] found the sixth hour TcB level 
≥98 µmol/ L (5.7 mg/dL) having a sensitivity of 100% 
and a specificity of 98% for the diagnosis of ABO-HD.

The limitations of the present study include 
using the older, Cockington's chart for deciding the 
interventions for hyperbilirubinemia instead of the 
newer, American Academy of Pediatrics (AAP) 
2004 Guidelines.[26] However, the cutoff values for 
phototherapy at different postnatal age do not differ 
much among these two references. The AAP 2004 
nomogram has an added advantage of 12th hourly 
reference points compared to only 24 hourly cutoff 
values in the Cockington's chart. We also limited 
G-6PD enzyme estimations to neonates with evidence 
of hemolysis. This selective screening was adopted 
because a large number of neonates screened for G-6PD 
deficiency in the center earlier showed normal values.

Early identification of neonates at risk for severe 
hyperbilirubinemia reduces morbidity.[14] A favorable 
association between initiation of screening and 
decrease in rates of hyperbilirubinemia, treatment and 
readmissions for hyperbilirubinemia compared with 
the baseline of no screening was found in a review 
by Trikalinos et al.[27] Early identification and therapy 
of significant hyperbilirubinemia avoided invasive 
exchange transfusion in the present study.

In conclusion, neonates ABO incompatible with 
their mothers are at increased risk of significant 
hyperbilirubinemia. Sixth hour TcB was significantly 
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higher in neonates who developed subsequent significant 
hyperbilirubinemia than who did not. The sixth hour 
TcB value >4 mg/dL had the highest sensitivity 
(93.5%) and >6 mg/dL had the highest specificity of 
99%. This predictive characteristic of the sixth hour 
TcB could guide clinicians for early discharge of ABO 
incompatible term and late preterm neonates.

Acknowledgements
Authors are grateful to the head and all the staff members of the 
Department of Pediatrics for their kind cooperation, suggestions 
and support.

Funding: None.
Ethical approval: Kasturba Hospital Ethical Committee 
approved the study.
Competing interest: Authors disclose that there is no conflict of 
interest.
Contributors: Bhat RY conceptualized the study, involved 
in supervising the data collection, analysis, interpretation and 
manuscript writing. Kumar PCG involved in data collection, 
analysis, interpretation and help in manuscript writing. Both 
authors approved the final manuscript.

References
1 Maisels MJ, Kring E. Length of stay, jaundice, and hospital 

readmission. Pediatrics 1998;101:995-998.
2 Bhutani VK, Johnson LH, Keren R. Diagnosis and management 

of hyperbilirubinemia in the term neonate: for a safer first week. 
Pediatr Clin North Am 2004;51:843-861, vii.

3 Madam A, MacMonon JR,  Stevenson DK. Neonatal 
Hyperbilirubinemia. In: Taeusch HW, Ballard RA, Gleason 
CA, eds. Avery's Disease of the Newborn, 8th ed. Philadelphia: 
Saunders, 2005: 1226-1250.

4 Sarici SU, Yurdakök M, Serdar MA, Oran O, Erdem G, Tekinalp 
G, et al. An early (sixth-hour) serum bilirubin measurement 
is useful in predicting the development of significant 
hyperbilirubinemia and severe ABO hemolytic disease in 
a selective high-risk population of newborns with ABO 
incompatibility. Pediatrics 2002;109:e53.

5 Quinn MW, Weindling AM, Davidson DC. Does ABO 
incompatibility matter? Arch Dis Child 1988;63:1258-1260.

6 Whyte J, Graham H. Prediction of the severity of ABO 
haemolytic disease of the newborn by cord blood tests. Acta 
Paediatr Scand 1981;70:217-222.

7 Brouwers HA, Overbeeke MA, van Ertbruggen I, Schaasberg W, 
Alsbach GP, van der Heiden C, et al. What is the best predictor 
of the severity of ABO-haemolytic disease of the newborn? 
Lancet 1988;2:641-644.

8 Han P, Kiruba R, Ong R, Joseph R, Tan KL, Wong HB. 
Haematolytic disease due to ABO incompatibility: incidence 
and value of screening in an Asian population.. Aust Paediatr J 
1988;24:35-38.

9 Levine DH, Meyer HB. Newborn screening for ABO hemolytic 

disease. Clin Pediatr (Phila) 1985;24:391-394. 
10 Bhutani VK, Johnson L, Sivieri EM. Predictive ability of a 

predischarge hour-specific serum bilirubin for subsequent 
significant hyperbilirubinemia in healthy term and near-term 
newborns. Pediatrics 1999;103:6-14

11 Bhat YR, Rao A. Transcutaneous bilirubin in predicting 
hyperbilirubinemia in term neonates. Indian J Pediatr 
2008;75:119-123. 

12 Speck WT. A guide to the use of phototherapy in the 
management of neonatal hyperbilirubinemia. Commentary. J 
Pediatr 1979;95:285-287. 

13 Maisels MJ. Neonatal hyperbilirubinemia and kernicterus - not 
gone but sometimes forgotten. Early Hum Dev 2009;85:727-
732.

14 Bhutani VK, Vilms RJ, Hamerman-Johnson L. Universal 
bilirubin screening for severe neonatal hyperbilirubinemia. J 
Perinatol 2010;30 Suppl:S6-15.

15 Maisels MJ. Screening and early postnatal management 
strategies to prevent hazardous hyperbilirubinemia in newborns 
of 35 or more weeks of gestation. Semin Fetal Neonatal Med 
2010;15:129-135.

16 Randev S, Grover N. Predicting neonatal hyperbilirubinemia 
using first day serum bilirubin levels. Indian J Pediatr 
2010;77:147-150.

17 Osborn LM, Lenarsky C, Oakes RC, Reiff MI. Phototherapy 
in full-term infants with hemolytic disease secondary to ABO 
incompatibility. Pediatrics 1984;74:371-374.

18 Alpay F, Sarici SU, Tosuncuk HD, Serdar MA, Inanç N, Gökçay 
E. The value of first-day bilirubin measurement in predicting the 
development of significant hyperbilirubinemia in healthy term 
newborns. Pediatrics 2000;106:E16.

19 Lucas GN. Neonatal jaundice due to ABO incompatibility in Sri 
Lankan. Indian J Pediatr 1996;63:381-384.

20 Watchko JF. Identification of neonates at risk for hazardous 
hyperbilirubinemia: emerging clinical insights. Pediatr Clin 
North Am 2009;56:671-687.

21 Bucher KA, Patterson AM Jr, Elston RC, Jones CA, Kirkman 
HN Jr. Racial difference in incidence of ABO hemolytic disease. 
Am J Public Health 1976;66:854-858.

22 Kaplan M, Hammerman C, Vreman HJ, Wong RJ, Stevenson 
DK. Hemolysis and hyperbilirubinemia in antiglobulin positive, 
direct ABO blood group heterospecific neonates. J Pediatr 
2010;157:772-777.

23 Schutzman DL, Sekhon R, Hundalani S. Hour-specific 
bilirubin nomogram in infants with ABO incompatibility and 
direct Coombs-positive results. Arch Pediatr Adolesc Med 
2010;164:1158-1164.

24 Lease M, Whalen B. Assessing jaundice in infants of 35-week 
gestation and greater. Curr Opin Pediatr 2010;22:352-365.

25 Stoniene D, Buinauskiene J, Markūniene E. The value of 
transcutaneous method of bilirubin measurement in newborn 
population with the risk of ABO hemolytic disease. Medicina 
(Kaunas) 2009;45:792-797.

26 Amer ican  Academy of  Ped ia t r i c s ,  Management  o f 
hyperbilirubinemia in the newborn infant 35 or more weeks of 
gestation. Pediatrics 2004;114:297-316.

27 Trikalinos TA, Chung M, Lau J, Ip S. Systematic review of 
screening for bilirubin encephalopathy in neonates. Pediatrics 
2009;124:1162-1171.

Accepted after revision June 11, 2012


