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ABSTRACT

IntroducƟon: PredicƟve markers enabling Pediatricians
to idenƟfy which neonates will develop jaundice have
mandatory for prevenƟon of severe hyperbilirubinemia. We
aim to determine the criƟcal cord bilirubin and albumin
levels and bilirubin/albumin raƟo.

Design: This prospecƟve study included131full-
termnewborns. Hyperbilirubinemia can be predicted by
Measuring cord bilirubin , albumin and bilirubin/albumin
raƟo.

Results: Neonatal hyperbilirubinemia (67.8%) had cord
albumin level less than or equal to 2.7gm/dl. CordBiliru-
bin/albumin raƟo cutoff value greater than 0.62 had a good
predicƟve value with a sensiƟvity of 100% and specificity of
88.36%,

Conclusion: neonatal hyperbilirubinemia predictors are
Cord BILIRUBIN/ALBUMIN raƟo , serum bilirubin and albu-
min.
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INTRODUCTION

Hyperbilirubinemia may occur without obvious reason in
infants, and few may develop kernicterus. [1]The prevenƟon
of poor outcomes necessitates early detecƟon of neonates
who are at risk of developing significant hyperbilirubine-
mia. Discharging early to term new born is common prac-
Ɵce nowadays it has advantages such as prevenƟon of noso-
comial infecƟons and maternal-infant bonding. The Amer-
ican Academic of Pediatrics (AAP) recommends that new-
borns discharged within 48 h of life should have a follow-
up visit aŌer 48 to 72 h for any significant jaundice or
other problems. [2]In developing countries follow-up visits
aŌer early discharge is quesƟonable as many mothers do
not return owing to the distance and other reasons. Predic-
Ɵve markers enabling Pediatrician to idenƟfy neonates dis-
charged within 48 hare at higher risk of hyperbilirubinemia.
Several studies have shown the ability of cordbilirubin and
albumin and first-day bilirubin levels to be tools for screening

of subsequent neonatal hyperbilirubinemia. [3]The biliru-
bin/albumin(B/A) raƟo is considered a measurable property
for free bilirubin (Bf) and in the management of hyperbiliru-
binemia. It offers the pediatrician to measure the bilirubin
binding to albumin unƟl unbound bilirubin or albumin bind-
ing reserve can bemeasured clinically with accuracy. [4]There
are no documented studies evaluaƟng the significance of
cord B/A raƟo in early idenƟfying neonatal hyperbilirubine-
mia. The present study helps determining the cord serum
bilirubin and albumin level and bilirubin/albumin raƟo that
idenƟfy hyperbilirubinemia in term neonates.

MATERIAL AND METHODS

This is a prospecƟve study that included 131 neonates
born in Prathima insƟtute of medical sciences Hospital
Karimnagar, from July 2018 to June 2019. All neonates
involved were full term (GestaƟonal age ranging 38 to 41
weeks) of both gender without any illness or major con-
genital malformaƟons. The neonates with condiƟons that
could aggravate hyperbilirubinemia (sepsis, RDS, asphyxia
, diabeƟc mothers,or IUGR) or cholestaƟc jaundice were
excluded from the study. Detailed history taking includ-
ing maternal medical diseases , consanguinity, siblings by
hyperbilirubinemia, mode of delivery, Oxytocin use, Apgar
score, and type of feeding. Complete physical exami-
naƟon of neonates was done with assessment of gesta-
Ɵonal age as per new Ballard score and birth weight by
growth curves. The use of photo therapy or exchange
transfusion were recorded as indicated by the American
Academy of Pediatrics guidelines for management of neona-
tal hyperbilirubinemia. [2]Cord venous blood were collected
aŌer clamping the umbilical cord with clamps ,The collected
blood sample was tested for serum albumin level using
Bromocresol Greenmethod (BCG), serum Bilirubin(Total and
Direct) level by Colormetric method, hemoglobin concentra-
Ɵon using cell counter T 660, and ReƟculocyƟc count done
manually aŌer staining with Brilliant Cresyl Blue and exam-
ined under Oil Emersion lens. Blood groups (ABO, Rh) were
determined for neonates and mothers. Follow up was done
on 1,3 and 5 days by assessment of serum bilirubin level for
all cases.Hyperbilirubinemiawas defined as the need of pho-
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totherapy or exchange transfusion based on the American
Academy of Pediatrics guidelines for management of neona-
tal hyperbilirubinemia. [2]

Ethical approval: The study was approved by the Ethics
CommiƩee of Pediatric Department ,Prathima insƟtute of
medical sciences karimnagar.

SAMPLE SIZE

Sample size calculaƟon was based on the sensiƟvity of
cord blood Albumin and Bilirubin in predicƟng the occur-
rence of Indirect Neonatal Hyperbilirubinemia. We stud-
ied the independent cases and controls with 1 control(s)
per case. We took cord blood samples from all newborns
18 cases with significant indirect neonatal hyperbilirubine-
mia. The other samples without indirect neonatal hyper-
bilirubinemia were considered. We used uncorrected chi-
squared staƟsƟcs to evaluate this null hypothesis with set-
Ɵng type I error probability to 0.05. CalculaƟons were done
using Flahault equaƟon [5]

STATISTICAL ANALYSIS

Datawere entered on the computer usingMicrosoŌOffice
Excel SoŌware program (2010) ,then transferred to the Sta-
ƟsƟcal Package of Social Science SoŌware (SPSS) program,
version 23 to be staƟsƟcally analyzed. facts were briefly pre-
pared using range, mean, standard deviaƟon, median and
percenƟles for quanƟtaƟve variables or frequency and per-
centage for qualitaƟve ones. Comparison between groups
using Manne Whitney test for quanƟtaƟve variables while
comparison for qualitaƟve variables through Chi square or
Fisher’s exact test. Receiver operaƟng characterisƟcs (ROC)
curve analysis to explore the discriminant ability of differ-
ent cord measures in predicƟng neonatal jaundice . P <0.05
assumed as staƟsƟcally significant. Graphs were used.

RESULTS

The study populaƟon included 131 neonates with a mean
gestaƟonal age of 37.5 (0.61) weeks and a mean birth
weight of 2.5(0.3)kg. Of these , 21 neonates(16%) devel-
oped hyperbilirubinemia (group 1) and 110 neonates(84%)
did not(group2). Among the 21 neonates who devel-
oped neonatal hyperbilirubinemia, 12 were males and 9
were females; 15 cases were delivered by caesarean sec-
Ɵon and 4 cases received oxytocin for inducƟon of labor.
As regards the 110 neonates who did not develop sig-
nificant neonatal hyperbilirubinemia, 54 were males and
56 were females; 82 cases were delivered by caesarean
secƟon and 28 cases received Oxytocin for inducƟon of
labor. Group 1 infants had staƟsƟcally significant higher
cord reƟculocyte count [(3.3 1.3%) versus (2.1 0.8%)] than
those in group 2 (p < 0.001) with a diagnosis of Rh incom-
paƟbility in 9.7% of the cases (2paƟentsout of 21) and
ABO incompaƟbility in 14.3% of the cases (3 out of 21
paƟents) in group 1 versus 1.4% and 4.1% respecƟvely

in group 2. Cases with significant neonatal hyperbiliru-
binemia (group 1)had staƟsƟcally significantly higher cord
total bilirubin [(2.40.2mg/dl)versus(1.40.4mg/dl)] (p<0.001)
, significantly lower cord albumin [(2.80.3gm/dl) versus
(3.30.5gm/dl)](p<0.001), And significantly higher cord B/A
raƟo [(0.860.14)versus(0.44 -0.19)]with p<0.001.Table 1

Total serum bilirubin levels measured on days 1, 3 and
5 were higher (P<0.001)in group1 [(8.8 1.5 mg/dl versus
4.1 1.2 mg/dl)], [(15.4 2.5 mg/dl versus 6.72.8 mg/dl)] and
[(13.8 5.1mg/dl versus 4.4 2.4 mg/dl)] respecƟvely. The
cases with significant hyperbilirubinemia were all managed
with phototherapy whether intensive (82.1%) or conven-
Ɵonal (17.9%). intravenous immunoglobulin (IVIG) was indi-
cated in 14.3% of the cases and none required ex-change
transfusion. Among the neonates that developed signifi-
cant hyperbilirubinemia,67.9% had low cord serum albumin
<2.8 mg/dl, 25% had it ranging between 2.8 and 3.3 mg/dl
and only 7% had a level over 3.3 mg/dl. For the predicƟon
of neonatal hyperbilirubinemia, cutoff value of cord serum
bilirubin of 1.84 mg/dl was chosen on the basis of the ROC
curve analysis. The cord serum bilirubin of 1.86 had a sensi-
Ɵvity of 100%, specificity of 87.1%, posiƟve predicƟve value
of 59.4% and negaƟve predicƟve value of 100% in the pre-
dicƟon of neonatal hyperbilirubinemiaFigure 1

The opƟmum cut off value for serum albumin as shown
by the ROC curve for newborns with significant indirect
hyperbilirubinemia was 3 gm/dl with a sensiƟvity of 85.6%
and specificity of 67.4%, negaƟve predicƟve value of 96.2%
and posiƟve predicƟve value of 33.34% (Fig. 2) (Table 2).
Also, the cord B/A raƟo cut off value of >0.61 had a good
predicƟve value for neonates that developed significant
neonatal hyperbilirubinemia with a sensiƟvity of 100%,
specificity of 88.4%, posiƟve predicƟve value of 62.2% and
negaƟve predicƟve value of 100.0%. The area under the
curve is 0.936 indicaƟng high significanceTable 2

CORD TOTAL
BILIRUBIN

CORD
ALBU-
MIN

CORD B/A
RATIO

SENSITIVITY 100% 86.7% 100%

SPECIFICITY 87.2% 67.2% 88.3%

PPV >1.82 <2.9 >0.60

NPV <0.001 <0.001 <0.001

Table 2: Comparison between ROC curves

DISCUSSION

The need for early predicƟon of hyperbilirubinemia has
become very important for idenƟfying those neonates at
risk of neonatal jaundice considering the severe neurologi-
cal morbidiƟes caused by bilirubin toxicity. The Present AAP
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GROUP 1(n Z 21) GROUP 2 (n Z 110) P VALUE

CORD HAEMOGLOBIN(gm/dl)

Range 15.3 - 18.5 14 - 18.2

0.07Mean±SD 16.5±1 16±0.9

Median 16.3 16.2

CORD RETICULOCYTE

Range 1 - 7 1 - 4

<0.001Mean±SD 3.4±1.3 2.1±0.8

Median 3 2

CORD TOTAL BILIRUBIN(mg/dl)

Range 1.9 - 3 0.6 - 2.6

<0.001Mean±SD 2.4±0.2 1.4±0.4

Median 2.4 1.3

CORD DIRECT BILIRUBIN(mg/dl)

Range 0.2 - 0.7 0.1 - 0.5

0.0029Mean±SD 0.3±0.1 0.3±0.1

Median 0.3 0.2

CORD ALBUMIN(gm/dl)

Range 2.4 - 3.6 1.8 - 4.8

<0.001Mean±SD 2.8±0.3 3.3±0.5

Median 2.7 3.3

CORD BILIRUBIN/ALBUMIN RATIO

Range 0.62 - 1.2 0.14 - 1

<0.001Mean±SD 0.86±0.14 0.44±0.19

Median 0.88 0.4

Table 1: Comparison of laboratory data of cases with significant and insignificant neonatal Hyperbilirubinemia

guidelines for management of hyperbilirubinemia term and
near-term newborns recommends total bilirubin concentra-
Ɵon/albumin raƟo in addiƟon to the TBC ;In the present
study the mean cord B/A raƟo was higher in neonates
who developed neonatal jaundice than in those who did
not (0.860.14versus0.440.19). ROC curve of cord B/A raƟo
demonstrated that a cut off value 62mg/dl had a good
predicƟve value with a sensiƟvity of 100 0%, specificity
of 88 4%, PredicƟve value of 62.3%. They were lower in
neonateswhodid not develop significant hyperbilirubinemia
(1.40.4mg/dl) versus thosewho developed it (2.4-0.2mg/dl).
This is consistent with Ipek et al. who found that the mean
cord serum bilirubin was also lower in babies who devel-
oped neonatal hyperbilirubinemia versus those who did
not (1.640.41mg/dl versus 2.050.9mg/dl [6]In the absence

of an available assay for free Bilirubin ,the Bilirubin/Albu-
min raƟo B/A might provide a beƩer esƟmate of Bilirubin
factor because It contains 2 of the 3 factors determining Bf
(TSB ,albumin and the albumin binding affinity) [7]However,
the value of B/A raƟo may be reduced because of some
factors that influence the intrinsic albumin-bilirubin binding
constant [8]and the presence of other plasma consƟtuents
that bind unconjugated bilirubin [9]The current study demon-
strated significant difference between the cord serum biliru-
bin levels in the studied groups . Few studies reported lower
mean cord serumbilirubin levels in neonateswho developed
hyperbilirubinemia. [3] [10] [11]ROC curve analysis of cord total
bilirubin demonstrated that a cutoff value1.84 mg/dl had a
good predicƟve value with a sensiƟvity of 100.0%, specificity
of 87.1%, and posiƟve predicƟve value of 59.6%. Raj purohit
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Figure 1: ROC curve analysis to explore the discriminant
ability of cord total bilirubinin predicaƟng significant
hyperbilirubinemia

Figure 2: ROC curve analysis to explore the discriminant
ability of cord albumin in predicaƟng significant hyper-
bilirubinemia

et al. reported a cord bloo bilirubin cut off value > 2 mg/dl
had a sensiƟvity of 90%, specificity of 53.89%, posiƟve pre-
dicƟve value of 17.8%and negaƟve predicƟve value of 98% in
predicƟng the risk of neonatal hyperbilirubinemia [12] Knoop-
fer et al. reported that a cord bilirubin cut off level of 1.76
mg/dl for predicƟng hyperbilirubinemia had a sensiƟvity of
70.3% and a negaƟve predicƟve value of 65.6%, and they
concluded that cord blood bilirubin could be used as an early
predictor of neonatal jaundice. Dwarampudi and Ramakr-
ishna reported that neonates with cord bilirubin level less
than 2 mg/dl were in a safe zone with respect to develop-
ment of subsequent hyperbilirubinemia.

Albumin helps in hepaƟc transportaƟon of bilirubin and
its clearance. There was a significantly higher cord serum
albumin level in neonates who did not develop neonatal
hyperbilirubinemia in comparison tothose who did. 67.9%
of cases that developed significant neonatal hyperbilirubine-

mia had cord albumin level 2.8gm/dl . BurƟs et al. stated
that the lower limit for serum albumin in term babies was
2.8gm/dl ;and Reshad et al.found that in the term group,
19(61.2%) newborns with serum albumin <2.8g/dl devel-
oped neonatal hyperbilirubinemia. Low albumin decreases
bilirubin clearance and increases hyperbilirubinemia .The
ability of albumin for predicƟng neonatal hyperbilirubine-
mia was assessed in the present study and similar results
reported by several researchers [3] [11]that found cases with
low albumin less than 2.8gm/dl developed hyperbilirubine-
mia requiring phototherapy and someƟmes exchange trans-
fusion Receiver operaƟng characterisƟcs analysis demon-
strated that albumin cutoff value 3.0mg/dl had a good pre-
dicƟve value with a sensiƟvity of 85.6% and specificity of
67.4%. However, Rajpurohit et al. reported a lower cord
blood albumin level (2.6 gm/dl) to have a sensiƟvity of 80%
and specificity of 86.67% in predicƟng the risk of neona-
tal hyperbilirubinemia. [5]Aiyappa and colleagues found the
sensiƟvity of cord albumin to detect hyperbilirubinemia to
be 71.8%, while specificity was 65.1% [13]Similarly,Pahuja et
al. stated a fair predicƟve value of cord albumin for develop-
ment of neonatal hyperbilirubinemia of 75%. Also, Dwaram-
pudi and Ramakrishna suggested that cord albumin lev-
els(>2.8gm/dl) were probably safe to discharge a neonate in
respect to the risk of development of neonatal hyperbiliru-
binemia. With lack of studies done on cord B/A raƟo as an
early predictor of significant hyperbilirubinemia, this work
opens the window for further studies to be performed in
this field, and we are aware that larger scale trial includ-
ing preterm neonates are needed. In present study serum
B/A raƟo proved predicƟon of neonatal hyperbilirubinemia.
Neonates with either total bilirubin 1.84 mg/dl, albumin 3.0
gm/dl or B/AraƟo0.61,were at higher risk of developing indi-
rect neonatal hyper-bilirubinemia. These can be considered
possible early predictors for neonatal hyperbilirubinemia .
We recommendmeasurement of cord serum albumin, albu-
min and bilirubin/albumin raƟo in all healthy term babies at
delivery to prevent dangerous consequences of hyperbiliru-
binemia as a cut bilirubin encephalopathy.

CONCLUSION:

Neonatal hyperbilirubinemia predictors are Cord BILIRU-
BIN/ALBUMIN raƟo , serum bilirubin and albumin. To iden-
Ɵfy which neonates will develop jaundice have mandatory
for prevenƟon of severe hyperbilirubinemia and to deter-
mine the criƟcal cord bilirubin and albumin levels and biliru-
bin/albumin raƟo
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