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ABSTRACT

Introduction: Neonatal hyperbilirubinemia is a frequent cause 
of readmission in hospital during the neonatal period. The 
present prospective analytical study was designed to evaluate the 
incidence, course and risk assessment of jaundice in late preterm 
infants.
Material and methods: Inborn late preterm infants (post 
menstrual age of 34 0/ 7 to 36 6/7 weeks) were observed for 
significant jaundice till 14 days of birth. Relevant antenatal, 
natal and postnatal histories were recorded prospectively in a 
pre-designed Performa. Each baby underwent transcutaneous 
bilirubin (TcB) measurement twice daily during the 1st 48 hours 
after birth. TcB measurements and perinatal risk factors were 
compared between babies who did or did not develop significant 
jaundice after 48 hours of birth.
Result: 247 late preterm babies were enrolled; out of which 
59% developed significant jaundice. Mean gestation was 
35.09 ± 0.86 weeks. Incidence of jaundice was higher in lower 
gestational age groups (p = 0.0078). Large for gestation age, ABO 
incompatibility and previous sibling with jaundice predicted 
significant hyperbilirubinemia. Pre-discharge TcB at 24-48 hours 
was a highly significant predictor variable and was better than 
clinical risk factors alone for prediction of significant subsequent 
jaundice. 
Conclusion: Late preterm infants have a high incidence of 
significant jaundice. TcB measurements taken between 24-48 
hours can significantly predict whether the baby would develop 
significant jaundice after 48 hours of life. 
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INTRODUCTION
Neonatal hyperbilirubinemia affects nearly 84% of term 
newborns1 and is the most common cause of hospital readmission 
during neonatal period.2 Severe jaundice is rare (< 2%) but can 
lead to kernicterus and permanent neuro-developmental delay.2 
Neonatal hyperbilirubinemia is usually detected by the presence 
of icterus, but this approach can be quite unreliable especially 
in the first 24-48 hours when the total serum bilirubin (TSB) 
may be too low to be visualized consistently.3 Transcutaneous 
bilirubinometry is becoming increasingly acceptable 
primarily because of convenience and non-invasive nature 
of its application. Modern day limitations have necessitated 
shortened stay in hospital for both mother and neonate, thereby 
reducing the time for hospital based professional assessment of 
infant feeding and detection of jaundice.4 According to 2004 
American Association of Pediatrics (AAP) clinical practice 
guidelines on the management of neonatal hyperbilirubinemia, 
2004, combining of pre-discharge hour-specific nomogram 
measurements of total serum bilirubin (TSB) or transcutaneous 
bilirubinometry (TcB) along with risk factors such as lower 
gestational age and exclusive breast feeding are considered most 

predictive of subsequent hyperbilirubinemia and readmission.5

Several studies are available which have identified risk 
factors for significant post-discharge jaundice (i.e., requiring 
phototherapy or exchange transfusion as per hour-specific TSB 
nomogram of the AAP guidelines) but only a limited few are 
available which have evaluated the predictors in the late preterm 
infants. Hence the present study was conceptualized with the 
aim to evaluate the incidence, course and risk assessment of 
jaundice in late preterm infants.

MATERIAL AND METHODS
The study was conducted in the post-natal ward at Rohilkhand 
Medical College and Hospital, Bareilly from November, 2014 
to November 2016. All (289) consecutively born late preterm 
babies, intramural, whether delivered vaginally or by cesarean 
section, were included in the study. The eligibility criterion was 
post-menstrual age of 34 0/7 to 36 6/7 weeks. Exclusion criteria 
were Rh incompatibility, major congenital malformations and 
sepsis. Gestational age was determined by Modified Ballard’s 
Score and mother’s last menstrual period. Relevant antenatal, 
natal and postnatal histories were recorded prospectively in a 
pre-designed Performa. In each neonate, TcB measurement 
was taken twice daily (7 AM – 9 AM and 7 PM – 9 PM). The 
readings were taken from the forehead using transcutaneous 
bilirubinometer (Bilichek-HHU, Respironics). Whenever the 
neonate appeared jaundiced or when the TcB was > 12 mg/dL, 
TSB was performed. TSB was calculated from the capillary 
sample using spectrophotometer (Unibeam). The decision to 
treat jaundice was based on the TSB levels. Neonates with 
significant jaundice were started on phototherapy as per the AAP 
guidelines.4 Infants with gestation 34 weeks and SGA infants 
were started on phototherapy at TSB levels 1mg/dL less than the 
treatment threshold on the AAP charts (this methodology was 
adopted from the study of Lavanya et al5). Babies discharged 
from the hospital were regularly followed in the outpatient 
clinic till day 14 of life or till appearance of significant jaundice. 
Study approval was taken from the Institute’s Ethics Committee. 
Informed consent was taken from parents of every baby.
Based on the hour of measurement, the TcB measurements were 
grouped into TcB 0-12 hours, TcB 1324 hours, TcB 25-36 hours 
and TcB 37-48 hours. The clinical risk factors and the grouped 
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TcB measurements were compared between infants with and 
without significant jaundice after 48 hours of life. 

STATISTICAL ANALYSIS
SPSS version 21 was used for the analysis. Descriptive statistics 
and chi-square test were used to interpret results. Continuous 
variables were presented as mean ± SD and categorical variables 
as frequencies and percentages. 

RESULTS
Two hundred eighty nine late preterm infants were born in the 
hospital during the study period, of which 247 were enrolled 
for the study. The male female ratio was 1.54:1. Two hundred 
and thirty four infants were followed till onset of significant 
jaundice or till day 14 of life (Figure-1). The mean gestation age 
was 35.09 ± 0.86 weeks and mean weight was 2289 ± 512 gms. 
Fifty four (23.07%), 79 (33.76%) and 101 (43.16%) neonates 
were of gestation ages 34, 35, and 36 weeks respectively. 
Twenty three (9.83%) neonates were small for age (SGA) and 
18 (7.69%) were large for gestation age (LGA). Three (1.28%) 
infants were born of twin delivery. One hundred thirty nine 
neonates (59%) developed significant jaundice. The incidence 
of jaundice was highest at 34 weeks (68.52%), followed by 
65.82% t 35 weeks and 49.5% at 36 weeks of gestation. (p = 
0.0078). Mean duration of onset of significant jaundice was 54 
± 29 hours. Infants developing significant jaundice within first 

24 hours were 1.21%; 29.96% infants between 25-48 hours and 
25.1% infants after 48 hours of life. 
The mean duration of phototherapy required was 52 ± 28 
hours. The mean peak TSB was 14.8 mg/dL ± 2.8; 45% of 
the jaundiced infants had TSB > 15 mg/dL. In neonates who 
developed significant jaundice after 48 hours, the mean age of 
onset was 75 ± 26 hours, mean peak TSB was 14.6 ± 2.6 mg/dL 
and mean duration of phototherapy was 44 ± 21 hours.
Following risk factors were seen to be significantly associated 
with neonates who developed significant jaundice: ABO 
incompatibility, lower gestational age (34 and 35 weeks), 
LGA, history of jaundice in previous sibling and birth trauma 
(Table-1). The median TcB values were 1.4 mg/dL, 3.8 mg/dL, 
6 mg/dL and 7.7 mg/dL at 0-12 hours, 13-24 hours, 25-36 hours 
and 37-48 hours of life, respectively. The mean TcB values at 
13-24 hours were significantly higher in infants developing 
significant jaundice between 24-48 hours as compared to those 
developing after 48 hours (4.8 ± 2.1 mg/dL vs. 4.0 ± 1.9 mg/dL 
(p = 0.0224).
Critical TcB levels, at 12-24 hours and 24-48 hours, of > 4.6 
and > 7.4 mg/dL cut-off value respectively were selected based 
on sensitivity, specificity, positive predictive value and negative 
predictive value as shown in Table-2.

DISCUSSION
Hyperbilirubinemia is a common neonatal problem. Concern 
about neonatal hyperbilirubinemia is imperative, given the 
inherent risk of subsequent development of kernicterus. 
Newborns are physiologically predisposed to developing icterus 
and the risk is further compounded by prematurity. Over the 
years, several studies have been conducted to identify predictors 
of neonatal hyperbilirubinemia with the aim to limit unnecessary 
hospital stay and also to identify babies at risk for developing 
significant jaundice.
Out of the 234 late preterms enrolled for the study, 59% 
developed significant jaundice. This reiterates the fact that these 
infants need to be closely monitored for early recognition of 
jaundice. Similar incidence have been reported by other studies 
from India;6,7 whereas another study conducted in term and 
near term infants reflected an incidence of 26%.8 The higher Figure-1: Enrollment and follow up of study subjects

Variable Significant hyperbilirubinemia  p value
Absent (n = 95) Present (n = 62)

Birth weight (gms)* 2349 ± 468 2368 ± 590 NS (p = 0.8230)
Gestation (wks)* 35.38 ± 0.69 35.22 ± 0.65 §
Males 50 (52.63) 35 (56.45) NS (p = 0.6387)
SGA 6 (6.32) 8 (12.9) NS (p = 1568)
LGA 4 (4.21) 12 (19.35) HS (p = 0.0022)
ABO incompatibility 2 (2.11) 7 (11.29) S (p = 0.0385)
Sibling jaundice 0 (0) 5 (8.06) S (p = 0.0189)
Maternal oxytocin 4 (4.21) 6 (9.68) NS (p = 2998)
Birth trauma 0 (0) 1 (1.61) NS (p = 0.8292)
Exclusive breastfeeding 64 (67.37) 35 (56.45) NS (p = 0.2293)
Stools/d** 2 (1-3) 2 (1-3) NS (p = 0.9343)
Meconium passage (in d)** 2 (1-5) 2 (1-4) NS (p = 0.9343)
TcB > 7.4 mg/dL at 24-48 hours (n=71) 13 (18.31) 58 (81.69) ES (p < 0.0001)
*Mean±SD; numbers in parenthesis are percentages; ** values in median (range); NS = not significant; S = significant (p < 0.01); HS = high-
ly significant (p < 0.001); ES = extremely significant (p < 0.0001); § = p value between incidence at 34 wks and 36 wks: HS; p value between 
incidence at 35 wks and 36 wks: HS

Table-1: Risk Factors in Neonates With or Without Significant Jaundice Onset after 48 Hours

Late preterm
N = 289   

 

42 excluded

 
28 -Refused consent

 

5-Dischrged before 48 hours

 
2-Rh incompatibility

 
6-Sepsis  
1-Major congenital anomaly 

 

Infants enrolled
(N = 247)

 

Significant 
Hyperbilirubinemia
Absent (n = 95)   

Significant 
Hyperbilirubinemia 
Present (n = 139)  

Lost to 
Follow up 
(N = 13) 

Jaundice onset 
within 24 hours 

(N = 3) 

Jaundice onset 
within 25-48 hours 

(n = 74) 

Jaundice onset
After 48 hours 

(n = 62) 

 
 



Bansal, et al. Predictive Value of Transcutaneous Bilirubin Levels

International Journal of Contemporary Medical Research  
ISSN (Online): 2393-915X; (Print): 2454-7379   | ICV: 50.43 | Volume 3 | Issue 6 | June 2016

1663

incidence in our study as compared to study by Sarici et al8 may 
be due to inclusion of infants of 34 weeks gestation. Another 
retrospective study done on well babies showed that infants 
of gestation age ≤ 36 weeks, 36 1/7 weeks to 37 weeks, 37 
1/7 weeks to 38 weeks had an odds ratio of 13.2, 7.7 and 7.2, 
respectively of developing significant jaundice as compared 
to babies > 40 weeks.5 Similarly in our study, the incidence of 
developing significant jaundice was highest in babies of 34 to 
35 weeks gestation as compared to babies of 36 weeks gestation 
(p = 0.0078). The higher incidence of significant jaundice in 
late preterms is due to poor ligandin uptake of bilirubin by 
hepatocyte and decreased uridine diphosphate glucuronyl 
transferase (UDPGT 1A) activity in preterms.9,10 Similar to other 
studies,10-12 our study showed no significant relation between sex 
of the infant and development of significant hyperbilirubinemia. 
In contrast few researchers13,14 reported male gender as a risk 
factor for jaundice. 
In our study, assessment of pre-discharge risk factors showed 
that lower gestation age (34 and 35 weeks), large for gestation 
age (LGA), ABO incompatibility and previous sibling with 
jaundice were the clinical variables that were significantly 
associated with significant hyperbilirubinemia. Similar findings 
have been reported earlier.6,7,15,16

Pre-discharge TcB at 24-48 hours was a highly significant 
predictor variable and was better than clinical risk factors alone 
for prediction of significant subsequent jaundice. Negative 
predictive value of 95.35% shows that measurement of TcB at 
24-48 hours can very efficiently predict the risk of subsequent 
jaundice. Similar observations were reported by Lavanya et al.6 
In a prospective cohort study, Keren et al found that combining 
pre-discharge TcB measurements along with gestational age 
improved the accuracy of prediction of subsequent jaundice.17

Since more than 50% of late preterm babies are at risk of 
developing significant jaundice, pre-discharge TcB levels should 
be routinely performed to decide which babies require delayed 
discharge or early follow-up for neonatal hyperbilirubinemia.18

CONCLUSION
Late preterm infants have a high incidence of significant 
jaundice. TcB measurements taken between 24-48 hours can 
significantly predict whether the baby would develop significant 
jaundice after 48 hours of life. 

REFERENCES
1. Bhutani VK, Stark AR, Lazzeroni LC, et al. Initial 

Clinical Testing Evaluation and Risk Assessment for 
Universal Screening for Hyperbilirubinemia Screening 
Group. Predischarge screening for severe neonatal 
hyperbilirubinemia identifies infants who need 
phototherapy. J Pediatr. 2013;162:477–482.

2. Sgro M, Campbell D, Shah V. Incidence and causes of 
severe neonatal hyperbilirubinemia in Canada. CMAJ. 
2006;175:587–590.

3. Bhutani VK. Screening for severe neonatal 
hyperbilirubinemia. Pediatr Health. 2009;3:369-79. 

4. Braveman P, Egerter S, Pearl M, Marchi K, Miller C. 
Problems associated with early discharge of newborn 
infants. Early discharge of newborns and mothers: a critical 
review of the literature. Pediatrics. 1995;96:716–26.

5. Maisels MJ, Bhutani VK, Bogen D, Newman TB, Stark 
AR, Watchko JF. Hyperbilirubinemia in the newborn infant 
> or = 35 weeks' gestation: an update with clarifications. 
Pediatrics. 2009;124:1193–1198.

6. Lavanya KR, Jaiswal A, Reddy P, Murki S. Predictors 
of Significant Jaundice in Late Preterm Infants. Indian 
Pediatrics. 2012;49:717-20.

7. Aziz TA, Azab N, Odah M, El-deen IM. Factors and 
Assays Identifying Babies at Risk to Develop Significant 
Hyperbilirubinemia. International Journal of Innovative 
Research in Science, Engineering and Technology. 
2014;3:9804-09.

8. Sarici SU, Serdar MA, Korkmaz A, Erdem G, Oran O, 
Tekinalp G, et al. Incidence, course, and prediction of 
hyperbilirubinemia in near-term and term newborns. 
Pediatrics. 2004;113:775-80.

9. Kawade N, Onish S. The prenatal and postnatal 
development of UDP-glucuronyltransferase activity 
towards bilirubin and the effect of premature birth on its 
activity in the human liver. Biochem J. 1981;196:257-60.

10. Kaplan M, Muraca M, Vreman HJ, Hammerman C, Vilei 
MT, Rubaltelli FF, et al. Neonatal bilirubin production – 
conjugation imbalance: effect of glucose-6-phosphate 
dehydrogenase deficiency and borderline prematurity. Arch 
Dis Child Fetal Neonatal Ed. 2005;90:123-7.

11. Taskande A, Velhekar K, Jain M. Prediction of the 
development of neonatal hyperbilirubinemia by increased 
umbilical cord bilirubin. Ind Medica. 2004;1:5-9. 

12. G. Sun G, Wang YL, Liang JF. Predictive value of umbilical 
cord blood bilirubinLevel for subsequent neonatal jaundice. 
Chin J Ped. 2008;45:848-852.

13. Gatea SK. Cord bilirubin level as predictor for Newborns 
at Risk for post natal Hyperbiliruinemia. Kuf Med Journal. 
2009;2:109-117.

14. Maisels MJ, Kring E. Length of stay, jaundice and hospital 
readmission. Pediatrics. 1998;101:764-767.

15. Keren R, Bhutani VK. Predischarge risk assessment 
for severe neonatal hyperbilirubinemia. Neo Reviews. 
2007;8:68-76.

16. Knüpfer M, Pulzer F, Gebauer C et al. Predictive 
value of umbilical cord blood bilirubin for postnatal 
hyperbilirubinaemia. Act Paediatr. 2005;5:581-587.

17. Keren R, Luan X, Freidman S, Saddlemire S, Cnaan 
A, Bhutani V. A comparison of alternative risk-
assessment strategies for predicting significant neonatal 
hyperbilirubinemia in term and near-term infants. 
Pediatrics. 2008;12:170-9.

18. Sachin Darne, Trusha Rajda. Cervical lymphadenopathy 
in children-a clinical approach. International Journal of 
Contemporary Medical Research. 2016;3:1207-1210.

Source of Support: Nil; Conflict of Interest: None

Submitted: 24-04-2016; Published online: 23-05-2016

Variable Sensitivity Specificity Positive predictive value Negative predictive value
TcB level at 12-24 hours > 4.6 mg/dL 83.09% 87.37% 90.4% 78.3%
TcB levels at 24-48 hours > 7.4 mg/dL 93.55% 82.11% 81.69% 95.35%

Table-2: Sensitivity, specificity, positive predictive value and negative predictive values of TcB levels for prediction of hyperbilirubinemia


