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Prediction of signifi cant hyperbilirubinemia in term neonates 
by early non-invasive bilirubin measurement

Manish Jain, Akash Bang, Anju Tiwari, Shuchi Jain
Wardha, India

Background: Neonatal jaundice is a common problem. 
We evaluated the utility and best cut-off values of 24- 
and 48-hour transcutaneous bilirubin indices (TcBI) in 
predicting subsequent significant hyperbilirubinemia and 
evaluated various associated maternal and fetal risk factors.

Methods: TcBI at 24 and 48 hours and serum bilirubin 
levels at 72 hours of age were obtained for healthy, term, 
appropriate for gestational age neonates. Neonates 
with prematurity, birth weight <2500 g, ABO or Rh 
incompatibility, onset of clinical jaundice <24 hours, 
clinical suspicion of septicemia, positive pressure 
ventilation at birth, admission in neonatal intensive care 
unit and contraindications for BiliChek were excluded. 
Twently-four and 48-hour TcB indices were assessed as 
predictors of subsequent hyperbilirubinemia, defined 
as serum bilirubin >17 mg/dL after 72 hours of life and 
various cut-offs, and were evaluated by calculating 
sensitivity, specifi city and predictive values.

Results: Of 500 newborns, 4.6% had significant 
hyperbilirubinemia, 27% had TcBI (mg/dL) <5 at 24 hours, 
and 27.4% had TcBI <8 at 48 hours. None of them had 
subsequent hyperbilirubinemia (100% negative predictive 
value). The percentage of newborns with subsequent 
hyperbilirubinemia increased from 3.4% to 13.2% as their 
24-hour TcBI increased from 6 to above 9 mg/dL and from 
4.2% to 7.4% as their 48-hour TcBI increased from 8 to 
above 11 mg/dL. The best cut-off value was TcBI (mg/dL) 
7 (odd ratio=4.86, 95% confidence interval: 1.66-15.22) at 
24 hours and 10 (odd ratio=2.87, 95% confi dence interval: 
1.04-8.29) at 48 hours. Area under the receiver operating 
characteristic curve for 24- and 48-hour measurements 
was 0.750 and 0.715, respectively. Maternal premature 

rupture of membranes, deep transverse arrest, post-date 
pregnancy, and fetal distress were signifi cant risk factors for 
hyperbilirubinemia.

Conclusions: Twenty-four and 48-hour TcB indices 
are good predictors of subsequent hyperbilirubinemia. 
Twenty-four-hour TcBI had better predictive ability than 
48-hour TcBI.
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Introduction

Neonatal jaundice is probably the most frequently 
encountered diagnostic and therapeutic problem 
in newborns, and affects nearly 70% of term 

and 80% of preterm infants.[1] It is a signifi cant problem 
in the context of early discharge since the bilirubin level 
usually peaks between the third and fi fth day of life in 
term newborns after discharge from the hospital.[2,3] If 
there is a higher bilirubin level, hyperbilirubinemia can 
cause irreversible neurological damage in newborns, 
and hence early detection is extremely important as 
neonatal jaundice can be treated with phototherapy 
or other methods and neurological damage can be 
prevented.[4-6] However, accurate assessment of 
hyperbilirubinemia requires a measurement of the 
serum bilirubin level. Thus, the development of 
a screening test that will reduce the necessity for 
laboratory analysis and is more reliable than visual 
inspection of skin color is desirable. Spectrophotometric 
measurement of the intensity of yellow color in the skin 
and subcutaneous tissue using refl ectometry appears to 
be useful. Transcutaneous bilirubinometry is now one of 
the accepted methods for the assessment of severity of 
neonatal jaundice since Yamanouchi et al fi rst reported 
its use in 1980.[7-12] This instrument is noninvasive, non-
traumatic, compact, battery-powered, extremely simple, 
fast to operate, and gives an instant result. It is therefore 
handy and easy to operate.

Transcutaneous bilirubin (TcB) index usually 
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correlates well with the blood bilirubin concentration 
and there is a linear relationship between the two 
parameters.[9,10,13-16] In healthy term newborns, this 
method is however more effective than the eye 
or icterometer in detecting cases where a serum 
bilirubin test is required. Almost all cases of excessive 
hyperbil irubinemia can be diagnosed, thereby 
preventing the risk of bilirubin encephalopathy or 
nuclear jaundice. The major objective of this study 
was to find the incidence of hyperbilirubinemia [total 
serum bilirubin (TSB) >17 mg/dL], the utility of 24- 
and 48-hour TcB, the best cut-off values in predicting 
subsequent hyperbilirubinemia in healthy term 
neonates, and various maternal and fetal risk factors 
associated with the incidence.

Methods
It was a prospective study conducted in 2010 in a 
teaching hospital with 600 beds in rural central India 
with around 300 deliveries a month. After the study 
was approved by the Institutional Review Board, we 
consecutively selected 500 healthy neonates fulfilling 
the inclusion criteria as follows: 1) term, appropriate 
for gestational age newborns, as defined by neonates 
having birth weight between 2500 g to 4000 g for a 
gestational age of 37-42 weeks; 2) written informed 
consent given by the parents. The exclusion criteria 
were as follows: 1) preterm newborns (gestational 
age <37 weeks); 2) birth weight <2500 g; 3) presence 
of ABO or Rh incompatibility as indicated by blood 
group report; 4) onset of clinical jaundice <24 hours; 
5) clinical suspicion of septicemia as decided by 
treating consultant; 6) positive pressure ventilation 
(PPV) at birth; 7) admission and treatment in NICU; 
8) contraindications for using BiliChek: following 
exchange transfusion; excessive bruising, birthmarks, 
hematomas or excessive hairiness at the measurement 
site over the forehead.

The TcB indices were obtained by the BiliChek® 
Non-Invasive Bilirubin Analyzer which works by 
directing white light into the skin of the newborn and 
measuring the intensity of the specific wavelengths 
that are returned. A single device was used throughout 
the study to eliminate inter-device variability and was 
calibrated regularly as per the manufacturer instructions. 
Measurements were taken over the forehead of all 
the enrolled neonates at 24 and 48 hours. The site 
forehead was chosen to maintain the uniformity. 
All the measurements were obtained by trained 
postgraduates who underwent a short training in the 
standard procedures at the start of the study to ensure 
standardization and accurate test results. Serum bilirubin 

levels were obtained in all enrolled neonates at 72 hours 
by Random Access Analyzer XL 300, a multianalyser by 
using Diazo as reagent and Walter & Gerarde method.

Neonates with serum bilirubin >17 mg/dL after 72 
hours were defined as significant hyperbilirubinemia 
as per American Academy of Pediatrics guidelines of 
considering phototherapy for TSB >17 mg/dL at 72 hours 
for a healthy term newborn.[13,17] The 24 and 48 hours TcB 
indices were evaluated as risk predictors for development 
of subsequent signifi cant hyperbilirubinemia.

Various maternal risk factors, which include 
post  date pregnancy,  previous caesarean scar, 
premature rupture of membranes (PROM), pregnancy 
induced hypertension, cephalo-pelvic disproportion, 
oligohydramnios, polyhydramnios, severe anemia, 
primary infertility, gestational diabetes, meconium 
stained amniotic fluid, deep transverse arrest (DTA), 
hypothyroidism, previous perinatal loss, heart disease, 
and sickling positive, and fetal risk factors (e.g. fetal 
distress, cord around neck, breech presentation) were 
defined, and according to the definitions they were 
included in the study.[18]

Data were entered a predesigned proforma and 
recorded using the EPI info 6 software (Centers for 
Disease Control and Prevention, Atlanta, Georgia 
USA). Point estimates and the 95% confi dence interval 
were calculated according to the standard methods 
for each of the sensitivity, specificity, positive and 
negative predictive values for the use of TcB index 
as a diagnostic test in the prediction of significant 
hyperbilirubinemia.

The best cut-off values for 24-hour and 48-hour TcB 
indices as predictors of significant hyperbilirubinemia 
were tried to be established by calculating these 
statistical values separately and plotting the receiver 
operating characteristic (ROC) curve for 24-hour and 
48-hour TcB indices separately. The data were analyzed 
using the Microsoft Excel, EPI Info 6 software and 
Stata program release 10.0.

Results
The study population (n=500) had a mean birth weight 
of 2880±442 g. Out of 500 neonates, 289 (57.8%) 
were male. 485 (97%) neonates were appropriate for 
gestational age (AGA), while 15 (3%) were large for 
gestational age (LGA). Median bilirubin level for the 
entire study group was 12.14 mg/dL while it was 12.23 
mg/dL for males and 11.94 mg/dL for females (P=0.14).

The incidence of significant hyperbilirubinemia 
(TSB>17 mg/dL) at 72 hours was 4.6% (23/500). There 
was a male predominance (69.6%). In the neonates who 
later had significant hyperbilirubinemia, the median 
bilirubin level was 20.04 mg/dL (19.74 mg/dL for 
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males, 20.74 mg/dL for females, P=0.46) and all were 
AGA. The other group (n=477) that did not develop 
significant hyperbilirubinemia had a median bilirubin 
level of 11.84 mg/dL (12.04 mg/dL for males, 11.64 
mg/dL for females, P=0.11).

The percentage of neonates having subsequent 
significant hyperbilirubinemia increased from 3.4% to 
13.2% as their TcB index at 24 hours raised from above 
6 mg/dL to above 9 mg/dL (Table 1). Similarly, the 
proportion of neonates having subsequent significant 
hyperbilirubinemia increased from 4.2% to 7.4% as 
their TcB index at 48 hours increased from above 8 mg/
dL to above 11 mg/dL (Table 2). The odds ratios for 
the risk of developing significant hyperbilirubinemia 
at various cut-off TcB values at 24 and 48 hours are 
shown in Table 3.

TcB index of 6 mg/dL at 24 hours showed a 
NPV of 99%, a specificity of 39.8%, and chances of 
missing subsequent hyperbilirubinemia (1-sensitivity) 
about 8% (Table 3). With an increasing cut-off value, 
the specificity increased but the sensitivity and NPV 
decreased. At a cut-off value of 24 hour-TcB at 9 mg/
dL, although the specifi city increased to 87.6%, the NPV 

TcB indices
  at 24 h

Total
Subsequent hyperbilirubinemia at 72 h
Present Absent

n  % n   % n   %
< 5 135 27.0 0   0 135 100
5.1 to 6   57 11.4 2   3.5   55   96.4
6.1 to 7   87 17.4 3   3.4   84   96.5
7.1 to 8   90 18.0 4   4.4   86   95.5
8.1 to 9   63 12.6 5   7.9   58   92.0
>9   68 13.6 9 13.2   59   86.7

Table 1. Transcutaneous bilirubin (TcB) indices at 24 hour vs 
subsequent hyperbilirubinemia at 72 hours

TcB indices
  at 48 hours

Total
Subsequent hyperbilirubinemia at 72 hrs
Present Absent

n  % n   % n   %
<8 137 27.4   0 0 137 100
  8.1 to 9   47   9.4   2 4.2   45   19.1
  9.1 to 10   62 12.4   4 6.4   58   93.5
10.1 to 11 119 23.8   7 5.8 112   94.1
>11 135 27 10 7.4 125   92.5

Table 2. Transcutaneous bilirubin (TcB) indices at 48 hours vs. 
subsequent hyperbilirubinemia at 72 hours

decreased to 96.8% and chances of missing subsequent 
hyperbilirubinemia increased up to 60%. Similarly as the 
cutoff value of 48 hour-TcB increased from 8 mg/dL to 
11 mg/dL, the specificity increased to 73.8%, the NPV 
decreased to 96.4% and chances of missing subsequent 
hyperbilirubinemia increased up to 56%. On comparing 
the values at different cut-offs, the highest and best trade 
off in the sensitivity and specifi city was obtained at a cut-
off value of 7 mg/dL for 24-hour TcB index and 10 mg/
dL for 48-hour TcB index. ROC curves plotted for 24-
hour TcBI showed an area under curve of 0.750 and for 
48-hour TcBI of 0.715 (Figs. 1&2).

In maternal risk factor analysis, 52.2% of the cases had 
some maternal risk factors and 3.8% of them developed 
subsequent significant hyperbilirubinemia (P=0.39). In 
individual risk factor analysis, only PROM (P=0.03), DTA 
(P=0.002), and post date pregnancy (P=0.05) were found 
to be statistically signifi cant risk factors.

In fetal risk factor analysis, 8% of the cases 
had some fetal factors and 10% of them developed 
subsequent significant hyperbilirubinemia (P=0.55). 
Only fetal distress was found to be a statistically 
signifi cant risk factor (P=0.02).

Predictive TcBI Outcome: subsequent
  signifi cant hyperbilirubinemia
  (TSB >17 mg/dL at day 3)

Predictive characteristics
TcB indices as risk
  demarcator

Number of babies
  (Total=500)

Sensitivity% Specifi city% PPV% NPV% Odds ratio
Present Absent 95% CI 95% CI 95% CI 95% CI 95% CI

24-h TcBI
  >9   68   9   59   39.1 (20.5, 61.2) 87.6 (84.3, 90.4) 13.2 (6.6, 24.1)   96.8 (94.5, 98.1) 4.55 (1.73, 11.83)  <9 432 14 418
  >8 131 14 117   60.9 (38.8, 79.5) 75.5 (71.3, 79.2) 10.7 (6.2, 17.6)   97.6 (95.3, 98.8) 4.79 (1.89, 12.34)  <8 369   9 360
  >7 221 18 203   78.3 (55.8, 91.7) 57.4 (52.9, 61.9)   8.1 (5.0, 12.8)   98.2 (95.6, 99.3) 4.86 (1.66, 15.22)  <7 279   5 274
  >6 308 21 287   91.3 (70.5, 98.5) 39.8 (35.4, 44.4)   6.8 (4.4, 10,4)   99 .0(95.9, 99.8) 6.95 (1.55, 43.4)  <6 192   2 190
At 48 h
  >11 135 10 125   43.5 (23.9, 65.1) 73.8 (69.6, 77.6)   7.4 (3.8, 13.6)   96.4 (93.8, 98.0) 2.17 (0.86, 5.43)  <11 365 13 352
  >10 254 17 237   73.9 (51.3, 88.9) 50.3 (45.7, 54.9)   6.7 (4.1, 10.7)   97.6 (94.5, 99) 2.87 (1.04, 8.29)  <10 246   6 240
  >9 316 21 295   91.3 (70.5, 98.5) 38.2 (33.8, 42.7)   6.6 (4.3, 10.1)   98.9 (95.7, 99.8) 6.48 (1.45, 40.46)  <9 184   2 182
  >8 363 23 340   100  (82.2, 100) 28.7 (24.7, 33.0)   6.3 (4.1, 9.5)    100 (96.6, 100) Not calculable  <8 137   0 137

Table 3. Predictive characteristics of 24- and 48-hour transcutaneous bilirubin indices (TcBI) at different cut-off points

TSB: total serum bilirubin; PPV: positive predictive value; NPV: negative predictive value; CI: confi dence interval. 
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Discussion
Neonatal hyperbilirubinemia in healthy neonates 
has always been a concern for parents as well as for 
pediatricians, being the commonest abnormal physical 
finding in the first week of life and affecting nearly 
70% of term and 80% of preterm infants.[1] Early 
discharge of healthy newborn infants, particularly those 
in whom breastfeeding may not be fully established, 
may be associated with delayed diagnosis of significant 
hyperbilirubinemia. Thus, effective screening and 
surveillance are essential to ensure that infants with 
severe hyperbilirubinemia are not missed. Importantly 
it is still unknown at what level bilirubin can cause a 
significant risk of brain damage; however, TSB over 
26 mg/dL has been associated with kernicterus in term 
infants with comorbidities such as sepsis or hemolysis. 
More recent recommendations support the use of 
less intensive therapy in healthy term newborns with 
jaundice. Preventative, screening and management 
strategies therefore remain a significant practice issue 
during the early postnatal period. This protocol was 
developed to screen for significant hyperbilirubinemia 
and reduce the need for invasive and painful blood tests 
through the use of new generation bilirubinometers.

Yamanouchi et al[19] introduced transcutaneous 
bilirubinometry in 1980 as a non-invasive screening tool 
in the management of neonatal jaundice. By the year 
2000, the situation changed with the introduction of 
a new generation of TcB measuring instruments that 
promised a superior performance through minimizing the 
disturbance in reflectance caused by skin pigmentation 
and other chromogens.[20] The non-invasive nature of the 
TCB determination and the immediacy of the test result 
availability made it a highly desirable investigative tool.

Bhutani et al[9] suggested non-invasive pre-discharge 
assessment to determine the need for additional follow-
up. But the visual assessment (coefficient of correlation 
of 0.6-0.74) has well documented unreliability. An hour 

specific pre-discharge TSB facilitates monitoring, risk 
designation, targeted interventions and follow-up.[21,22] 
However, as serum bilirubin sampling is painful, and takes 
time for the report. Cord bilirubin has also been suggested 
for prediction. However, the predictive ability of TSB 
prior to 12 hours of age has not been useful because of 
poor sensitivity and specificity.[21] On the other hand, TcB 
measurement is handy, easy to perform, pain free and 
provides rapid results. Its correlation with lab bilirubin 
(0.86-0.95) and its linear relationship has been well 
documented. It also reduces the number of blood tests 
needed.[22-25]

In the present study we aimed to evaluate predictive 
ability of early transcutaneous bilirubin values at 24 
hours and 48 hours for significant hyperbilirubinemia 
(TSB >17 mg/dL at 72 hours) against the gold standard 
of TSB. As the measurement of TcB was likely to be 
used, primarily as screening technique for prediction 
of hyperbilirubinemia, we calculated the point 
estimates of sensitivity, specificity, PPV and NPV 
along with 95% confidence interval. The incidence of 
significant hyperbilirubinemia in our study population 
was 4.6%. This is similar to expected incidence of 
hyperbilirubinemia in normal babies.[26]

In 1996, Ruchala et al conducted a pilot study aimed 
at determining the use of transcutaneous bilirubinometry 
as a screening device in the home to identify the cases 
of significant hyperbilirubinemia.[27] They found a 
high correlation (Rs=0.85; P>0.01) between the visual 
assessment and the transcutaneous bilirubin index. TcB 
was tested against the visual assessment, which itself 
is not very reliable method of diagnosing jaundice. In 
the present study, utility of TcB was tested against the 
serum bilirubin level which is the gold standard for the 
diagnosis of jaundice.

In 1998, Carbonell et al[28] conducted a study to 
establish the correlation between TcB and TSB and 
its predictive value for significant hyperbilirubinemia 
≥17 mg/dL. The study was carried out in two phases. 

Fig. 1. Receiver operating characteristic (ROC) curve for 24-hour 
transcutaneous bilirubin indices. Area under ROC curve is 0.7500.
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Fig. 2. Receiver operating characteristic (ROC) curve for 48-hour 
transcutaneous bilirubin  indices. Area under ROC curve is 0.7150.
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The incidence of significant hyperbilirubinemia (≥17 
mg/dL) was 2.95% in phase I and 3.2% in phase II 
respectively. They found a good correlation between 
TSB and TCB, and concluded that in infants with 
TSB≥6 mg/dL at 24 hours or TSB≥9 mg/dL or 
transcutaneous readings ≥13 mg/dL at 48 hours, a TSB 
test must be performed after 48 hours of life.

In the period of 2003-2005, Bhatt et al[22] assessed the 
utility of 24-hour and 48-hour TcB index for predicting 
subsequent significant hyperbilirubinemia in healthy 
term neonates. In their study they studied 461 healthy 
term neonates with a mean birth weight of 2949 g (±390 
g). The incidence of significant hyperbilirubinemia was 
17.6%. Sensitivity and specifi city were optimized at TcB 
value (in mg/dL) of 7 for 24 hours and 10 for 48 hours. 
C-statistics for 24- and 48-hour measurements were 
0.838 and 0.836 respectively. They concluded that 24 and 
48-hour indices are predictive for subsequent signifi cant 
hyperbilirubinemia and can guide clinicians in early 
discharge of healthy term newborns.

The results of the present study were very much 
comparable with Bhatt et al's study and sensitivity and 
specificity had the best trade off at the cut-off values 
(in mg/dL) of 7 for 24-hourTcBI and 10 for 48-hour 
TcBI. Area under ROC curves for 24- and 48-hour 
measurements were 0.750 and 0.710, respectively. 
We conclude that 24-hour indices are better predictors 
than 48-hour indices for subsequent significant 
hyperbilirubinemia. However, the incidence of signifi cant 
hyperbilirubinemia was lower than that of the above 
mentioned study because serum bilirubin level was 
measured in all enrolled neonates while it was measured 
on some specifi c indications in previous studies.

After analyzing the data, we found the sensitivity 
and NPV keep on decreasing as the cut-off value 
for a 24-hour TcB index increasing from 6 to 9 
and 48-hour TcB increased from 8 to 11 (in mg/
dL). Simultaneously, specificity and PPV keep on 
increasing. Use of any screening test (eg. blood 
glucose test strips) has some limitations and will lead 
to some false positive determinations. Nevertheless it 
is quite possible to keep false negative determinations 
(failure to identify high serum bilirubin levels) close 
to zero. Sensitivity and specificity showed the best 
trade off at TcB value (in mg/dL) of 7 for 24 hours 
and 10 for 48 hours. C-statistics for 24- and 48-hour 
measurements were 0.750 and 0.710 respectively. Thus 
the use of TcB indices can be recommended for the 
prediction of significant hyperbilirubinemia in healthy 
term neonates. 24-hour TcB indices seem to be more 
useful in predicting significant hyperbilirubinemia 
than 48 hours values. Though 7 mg/dL was the best 
cut-off value for 24-hour TcB, clinically pediatricians 
may choose slightly lower threshold especially in 

the light of the electricity outages and poor quality 
of phototherapy in many facilities in low and middle 
income countries. Also, since there was no external 
quality assurance scheme for monitoring consistency 
and bias performance of TcB devices, there is no 
certainty that similar TcB devices elsewhere would 
have the same cut-off values as those proposed in this 
paper. Hence newborns with TcB indices between 5 to 
7 at 24 hours of age can be discharged with a follow-
up strategy. A proper follow-up strategy is needed 
because missing even a single neonate with possibility 
for later hyperbilirubinemia is clinically unacceptable. 
For TcB indices >7 at 24 hour and >11 at 48 hours it is 
prudent to withhold discharge as chances of developing 
hyperbilirubinemia are high. Retaining them in the 
hospital would facilitate continued monitoring, early 
intervention and reduce bilirubin related to neurological 
dysfunction. The c-statistics of predictive TcB model 
was found to be fair.[29] Finally, further research may 
focus on the high risk newborns and see how well 
this model predicts significant hyperbilirubinemia and 
further outcomes in them.

In conclusion, jaundice is a major concern in 
the context of early discharge. The practice of early 
postnatal discharge increases the risk of not detecting 
cases of significant neonatal hyperbilirubinemia, since 
the bilirubin level peaks after the infant is discharged. 
In the present study, the utility of TcB indices is 
demonstrated. However, the cut-off values need to be 
defi ned for individual population. Thus, we recommend 
that early non-invasive bilirubin measurement by TcBI 
may be used for prediction of subsequent significant 
hyperbilirubinemia and according to that a policy can 
be made for the discharge of neonates.
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