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Abstract

Background: The risk of kernicterus and BIND may be in part determined by total serum bilirubin (TSB) and by the
level of non-albumin bound free bilirubin, which can easily pass the blood–brain barrier. Free bilirubin (Bf) seems a
more reliable predictor for bilirubin neurotoxicity. Bilirubin/albumin ratio (B/A) is considered a surrogate parameter
for Bf and has been more useful than TSB. The aim of the study is to determine whether B/A ratio correlates with
BIND in newborns with severe hyperbilirubinemia and if it can predict poor neurologic outcome at 3 months
follow up.

Results: This prospective study included one hundred seventeen outborn neonates ≥ 35 weeks admitted in a
tertiary care neonatal intensive care unit, between May and December 2012, with TSB ≥ 20 mg/dl or necessitating
exchange transfusion. Total serum bilirubin and serum albumin were done on admission and bilirubin/albumin ratio
was calculated. BIND score was calculated. At the age of 3 months, 112 neonates were followed up with a detailed
neurological assessment. Babies who depicted any abnormal motor examination were subjected to brain stem
auditory evoked response and MRI examination. Seven infants (6.2%) presented with kernicterus on follow up. BIND
scores on admission, mean TSB, and bilirubin/albumin ratio was significantly higher in kernicteric infants compared
with those having normal neurological outcome at 3 months of age (P 0.001). The lowest TSB level at which
kernicterus occurred in our study was 31 mg/dl. Receiver operation characteristics analysis identified B/A ratio cut
off value for predicting kernicterus of 9.6 with sensitivity of 100% and specificity of 91.4%, whereas TSB cut off value
of 30 mg/dl showed sensitivity of 100% and specificity of 83%.

Conclusion: B/A ratio is a strong indicator for the risk of kernicterus. B/A is more specific than TSB and should be
used in the early management of neonatal hyperbilirubinemia.
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Background
Approximately 60–70% of term infants develop jaundice
in the first week of life [1]. Syndrome of bilirubin-
induced neurologic dysfunction (BIND) represents a
spectrum of neurologic manifestations among vulnerable
infants who have experienced an exposure to bilirubin.
Clinical neuro motor manifestations extend from a range
of subtle processing disorders with objective distur-
bances of vision, motor power, hearing, speech, cogni-
tion, and language among infants with history of
moderate to severe hyperbilirubinemia [2].
Clinical signs of acute bilirubin encephalopathy (ABE)

were reported by Van Praagh [3] and Volpe [4]. Johnson
et al. [5] designed bilirubin encephalopathy into a 9-
point bilirubin-induced neurologic dysfunction (BIND)
score assessing mental status, muscle tone, and cry pat-
terns (Table 1). A BIND score of 0 is normal, whereas
BIND scores 1–3, 4–6, and 7–9 were assigned to repre-
sent mild, moderate, and severe ABE, respectively; they
also proposed that the BIND score could predict long
term outcome [6].
American Academy of Pediatrics (APP) guidelines for

the management of neonatal hyperbilirubinemia are
based on the assumption that total serum bilirubin
(TSB) is the most important predictor for bilirubin en-
cephalopathy [7]. The risk of kernicterus and BIND may
be in part determined by TSB and also by the level of
non-albumin bound free bilirubin (Bf), which can easily
pass the blood–brain barrier and thus better reflects the
bilirubin load distributed in the brain [8]. Compared

with TSB, free bilirubin (Bf) seems a more reliable pre-
dictor for bilirubin neurotoxicity as assessed by auditory
brainstem response (ABR) maturation and electroenceph-
alography and to correlate better with kernicterus [9].
Unfortunately clinical laboratory measurements of Bf

are not available. Bilirubin/albumin ratio (B/A) is consid-
ered a surrogate parameter for Bf and has been more
useful than TSB alone to indicate the Bf concentration
and predicts neurotoxicity [10]. It is recommended as a
safe-guard to identify the rare infant at risk for neuro-
toxicity at low TSB because of a low serum albumin
concentration. Clinical evidence comparing the relation-
ships of TSB and B/A ratio with outcome is sparse [11].
The aim of the study is to determine whether B/A ra-

tio correlates with BIND in newborns with severe hyper-
bilirubinemia and can predict poor neurologic outcome
at 3 months follow up.

Methods
Patients
One hundred seventeen outborn neonates admitted to
NICU, an academic tertiary care referral center, were en-
rolled in this prospective cohort study between May and
December 2012. Enrollment criteria included infants
with estimated gestational age ≥ 35 weeks; who devel-
oped jaundice in the first 7 days of life and having TSB
≥ 20 mg/dl or necessitating exchange transfusion accord-
ing to recommendations of the AAP guidelines for manage-
ment of neonatal jaundice [7]. Babies suffering from direct
hyperbilirubinemia, perinatal asphyxia, CNS malformations,

Table 1 BIND score [5]

Scores Clinical signs

Mental status

0 Normal

1 Sleepy, poor feeding

2 Lethargic, irritable, jittery

3 Unable to feed, apnea, seizures, coma

Muscle tone

0 Normal flexed tone (awake)

1 Hypertonia alternating with hypotonia

2 Neck stiffness, flexor spasm, beginning of neck and back arching, hypertonia

3 Persistent retrocollis and opisthotonos, bicycling, twitching of hands and feet, fisting, severe hypotonia with limp posture

Cry pattern

0 Normal

1 High pitched cry

2 Shrill cry even if intermittent

3 Weak or absent cry, inconsolable cry

Total score Sum of highest score in each category

Scores 1–3: mild ABE; probably reversible without sequelae
Scores 4–6: moderate ABE
Scores 7–9: severe ABE; highly associated with death or kernicterus
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or hemodynamically unstable were excluded. The study
protocol was approved by the ethical board and written in-
formed consent was obtained from parents after NICU
admission.
Apgar scores and birth weight could not be accurately

documented since all babies were outborn and not at-
tending regular post discharge follow up; admission
weight was used instead.
Detailed neurological examinations focusing on signs

of BIND was done by two independent researchers; at
admission time, repeated after 6 h with the first follow up
of serum bilirubin and again before discharge; findings
were recorded on a checklist showing items of BIND score
[5] (Table 1); then audited and score calculated by third
researcher. Researchers performing initial and follow up
neurological examination and calculating the BIND score
were blinded to laboratory data and not involved in the
patients’ management. BIND score of 1–3 represents mild
ABE: probably reversible without sequelae; scores 4–6:
moderate ABE; and scores 7–9: severe ABE; highly associ-
ated with death or kernicterus [12].

Laboratory workup
Total serum bilirubin and serum albumin were done on
admission and bilirubin/albumin ratio was calculated.
TSB was measured [13]. TSB was followed up after 6 h.
Hemoglobin, hematocrit levels, and reticulocytic count
were recorded. Blood group of mothers and babies to-
gether with direct Coomb’s test were performed.

Follow up at 3 months
One hundred twelve neonates were followed up at the
age of 3 months. Five babies were lost for follow up. Ba-
bies underwent detailed neurological assessment includ-
ing (a) muscle tone of trunk, upper, and lower limbs;
(b)reflexes including deep tendon reflexes, primitive neo-
natal reflexes (Moro, suckling, and tonic neck reflexes),
extrapyramidal reflexes (cremasteric and abdominal re-
flexes); and (c) neurodevelopmental assessment includ-
ing head control, social smile, response to sound, and
eye contact. Babies who depicted any abnormal motor
examination were subjected to brain stem auditory
evoked response (BAER) and magnetic resonance im-
aging (MRI). Infants were diagnosed as having kernic-
terus if two of the following three are present, with one
being an abnormality of muscle tone; abnormal MRI
with the specific abnormality in the globus pallidus and/
or the subthalamic nucleus and abnormal ABR auditory
brain stem response [14].

Statistics
Numerical data are expressed as arithmetic mean ± SD
and median (25th–75th). Inter-groups comparisons were
done using Mann–Whitney test. Qualitative data were

presented as number (percent) and compared using Chi-
square (X2) test or Fisher’s exact test as appropriate. To
assess the clinical potential of bilirubin/albumin ratio for
outcome, normal versus kernicterus receiver operating
characteristic (ROC) curves were plotted, and the area
under curves (AUC) were calculated [15]. Sensitivity,
specificity, PPV, NPV, and accuracy were evaluated at
specified cutoff levels. Statistical analysis was run on
SPSS for windows release 17 (SPSS Inc., Chicago III,
USA). P values < 0.05 were considered statistically
significant.

Results
Two hundred ninety-six neonates were admitted to
NICU during a period of 3 months; of them, 117 (39.5%)
neonates ≥ 35 weeks and suffering from severe hyperbi-
lirubinemia (≥ 20 mg/dl) or necessitating exchange
transfusion according to AAP guidelines were enrolled
in the study. Male predominance was reported among
the studied population, with male to female ratio of 1.4:
1. Mean gestational age of enrolled newborns was 37.8
weeks; birth weight was not known in most babies and
New Ballard score cannot be done since many enrolled
newborns were first seen past 48 h of life; hence, admis-
sion weight was used as surrogate parameter for matur-
ation. Their mean weight on admission was 2.9 kg.
Mean onset of jaundice was 2.9 days of life, and mean
age of NICU admission was 5.5 days old. Mean TSB and
bilirubin/albumin ratio of the studied population on ad-
mission was 26.15 ± 6 mg/dl and 7.7 ± 1.9 respectively.
Table 2 reveals the characteristics of the whole study
population and admission TSB.
Hemolysis accounted for 42% of etiologies of hyperbi-

lirubinemia in enrolled newborns; 29.9% and 7.6% due
to ABO and RH incompatibility respectively. While un-
diagnosed hemolytic causes represented 4.2%; may be at-
tributed to minor group incompatibilities which are not
routinely tested. Fifty-six percent of infants had no iden-
tifiable cause of jaundice.
Acute bilirubin encephalopathy (ABE) was found in

13.6% of the studied babies on admission. According to
their BIND scores, twelve babies (10%) had subtle ABE;
3 newborns (2.5%) had moderate ABE while only one
patient (0.8%) had advanced ABE.
Patients were managed according to our unit protocol

based on the recommendations of the AAP for the man-
agement of severe neonatal jaundice [7]. All patients
were treated with phototherapy; 18 (15.4%) neonates had
exchange transfusion including all patients admitted
with ABE (bind scores 2–9).

Neurologic outcome at 3 months
One hundred twelve infants returned for follow up at 3
months of age and underwent neurological assessment;
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5 infants missed follow up. Seven infants (6.2%) pre-
sented with kernicterus on follow up. All 7 babies did
not have head support and had hypertonia; six could not
respond to sound and three had choreoathetosis. Four of
the seven developed social smile and four had eye con-
tact. MRI and BAER were done for all babies with ab-
normal motor examination; all MRI came normal and
none showed globus pallidus affection. Six infants had
severe to profound auditory impairment detected in
their BAER. One kernicteric patient died at age of 5
months; cause of death is unknown.
The kernicteric group showed male predominance

(57%). Of the seven kernicteric patients, one had RH in-
compatibility, two had ABO hemolytic disease, and 4
suffered from non-hemolytic jaundice. All kernicteric

babies received intensive phototherapy and all had ex-
change transfusions.
Regarding BIND scores on admission of the kernicteric

babies, one had advanced ABE (BIND score 7), 3 had
moderate ABE (BIND score of 4, 5, and 6), while the
remaining 3 patients had mild ABE (BIND score 1, 2,
and 3). One of them had moderate ABE (BIND score 4)
and 6 had mild ABE (BIND score 1–3) on discharge. All
infants with zero BIND scores on admission were nor-
mal on follow up. All babies with BIND score ≥ 4 had
neurological sequelae at 3 months of age. BIND scores
on admission were significantly higher in kernicteric in-
fants compared to infants with normal neurological out-
come at 3 months of age (P 0.001) (Table 3).
Newborns with normal BIND score on admission had

significantly lower bilirubin albumin ratio (7.5 ± 1.7)
than newborn with severe ABE (BIND 4–7) (11.8 ± 1.3)
(P 0.000).
Ten (41.6%) of 24 infants with TSB ≥ 30 mg/dl showed

ABE; three resolved with treatment, while 7 (29%) devel-
oped kernicterus. The lowest TSB level at which kernic-
terus occurred in our study was 31 mg/dl. Although five
neonates with TSB < 30 mg/dl developed subtle ABE
(BIND SCORE 0–1), none of them developed permanent
neurological sequelae and all were normal at the time of
follow up. TSB and B/A ratio on admission were signifi-
cantly higher in all kernicteric patients compared to
other jaundiced babies with normal neurologic outcome
on follow up (P 0.001) (Table 4).
Receiver operation characteristics (ROC) analysis iden-

tified B/A ratio cutoff value for predicting kernicterus of
9.6 (AUC 0.977) with sensitivity of 100%, specificity of
91.4%, and accuracy of 92% (Fig. 1, Table 5), whereas
TSB cutoff value of 30 mg/dl showed sensitivity of 100%
and specificity of 83%.

Discussion
In this prospective observational trial, we found that
BIND scores on admission, TSB, and B/A ratio were sig-
nificantly higher in kernicteric infants compared to other
jaundiced infants with normal neurological outcome at 3
months of age. A B/A ratio of 9.6 had sensitivity of
100% and specificity of 91% for predicting poor neuro-
logic outcome at 3 months of age. B/A ratio was more
specific than TSB in the prediction of poor neurologic
outcome.
Regardless of the cause for jaundice, there is a risk of

neonatal bilirubin neurotoxic sequelae that ranges from
irreversible permanent injury to subtle multisensory and
learning impairments during infancy. Confounding ef-
fects of prematurity, hemolysis, altered bilirubin-albumin
binding, severity of bilirubin exposure, and the individual
vulnerability of the infant contribute to the spectrum of

Table 2 Demographic and laboratory data of the studied
population (n = 117)

Characteristics

Male 70 (59.8%)

Gestational age (weeks) 37.8 ± 0.6

Weight (g) 2906 ± 443

Maternal diabetes 4 (3.4%)

Onset of jaundice (days) 2.9 ± 1.35

Age at admission (days) 5.52 ± 2.7

Bilirubin on admission (mg/dl) 25 (22–28.7)

Albumin on admission (g/dl) 3.4 (3.2–3.4)

Bilirubin/albumin ratio (mg/dl) 7.3 (6.4–8.9)

Reticulocyte count % 4.2 (1.7–12)

Positive Coombs test 34 (40%)

Rh Incompatibility 9 (7.69%)

ABO Incompatibility 35 (29.9%)

Suspected Sepsis 2 (1.7 %)

BIND score on admission

0–3 113

4–7 4

Conventional (double) phototherapy 10 (8.5%)

Intensive phototherapy 107 (91.5%)

Exchange transfusion 18 (15.4%)

BIND score on discharge

0–3 116

4–7 (ABE) 1

Neurological outcome at 3 months

Normal 105 (89.7%)

Kernicterus 7 (6%)

Missed follow up 5 (4.3%)

Sepsis was suspected if there were clinical signs of sepsis associated with
positive blood culture OR 2 of the following (a) elevated CRP, (b) total
leucocytic count > 25,000 or < 5000, (c) immature to total neutrophil of ratio >
0.2, and (d) band count > 10%
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clinical manifestations to be designated as syndrome of
BIND [2].
Jaundice due to hemolysis is usually severe and ap-

pears within the first 24 h. Sgro et al. considered presen-
tation within the first 48 h of age a strong predictor of
abnormal neurological outcome in infants with severe
neonatal hyperbilirubinemia [16]. On the contrary, we
did not find any significant difference between ages of
onset of jaundice among kernicteric infants compared
with those having normal neurologic outcome.
In the current study, we reported ABE in 13% of our

studied population. Nearly all infants who had residual
neurologic deficits at 3 months follow up had BIND scores
≥ 4 on admission. Although babies with BIND score 0–1
should be completely normal at follow up [2], in the
present study all but one baby were normal. This specific
case had a BIND score of 1 on admission and a BIND
score of 2 on discharge and had persistent neurologic af-
fection on the 3 month follow up. He was diagnosed as Rh
incompatibility, had serum bilirubin level of 41 mg/dl, and
had the highest B/A (13.6) ratio among the kernicteric pa-
tients. Gamaleldin et a [17]. reported 40% of their cases
suffered from ABE on admission; higher percentage than
our results. This higher incidence of ABE could be ex-
plained by their inclusion criteria which required a higher
admission TSB (> 25 mg/dl).
The lowest TSB level at which kernicterus occurred in

our study was 31 mg/dl. Consistent with our results,
Iskander et al. [11] reported that asymptomatic term
newborns without risk factors rarely develop kernicterus
or auditory neuropathy at TSB < 31 mg% and/or B/A <
8.6 mg/g and recommended that given the risks of ex-
change transfusion [18] and intensive phototherapy and
close monitoring may be a safer treatment option for
those infants. Mukhopadhyay et al. [19] found that all
kernicteric babies in their study had TSB > 30 mg/dl as

well. Analysis of this cumulative evidence may be used
to revise the guidelines as to whether the cut off level at
which exchange transfusion should be performed can be
higher than 25 mg/dl among healthy full term neonates.
Johnson et al. [6] suggested that any infant with TSB

> 35 mg/dl had post icteric sequelae regardless of age
and intervention. However in the present study, 9 babies
had TSB > 35 mg/dl of whom 6 patients (66.6%) had
kernicterus and three appeared normal at 3 months fol-
low up. Shapiro [14] reported that subtle neurotoxicity
may appear later or even at school age as learning dis-
abilities. This could be the case with these three new-
borns making long term follow up a necessity. It is clear
from the previous results that there exists a wide vari-
ation in the individual response to TSB which indicates
that though serum bilirubin is sensitive yet it is not spe-
cific. This also indicates that the pathogenesis of BE in-
volves critical plasma and/or host defense variables that
have to be identified.
Oh et al. [20] found that higher Bf levels are associated

with a higher risk of death or adverse neurodevelopmental
outcome regardless of clinical status. In the absence of an
available assay for Bf, the bilirubin/albumin ratio (B/A)
might provide a better estimate of Bf because it contains
two of the three factors determining Bf: TSB, albumin,
and the albumin-binding affinity [21]. However, due to
the presence of drugs that interfere with bilirubin binding
to albumin, and variations in the intrinsic affinity of albu-
min binding to bilirubin, Bf may be much higher than sug-
gested by the calculated B/A ratio [22].
Considering the occurrence of bilirubin encephalop-

athy in preterm infants with low TSB levels, the risk of
developing bilirubin neurotoxicity is not determined by
TSB alone [23]. Only free bilirubin and perhaps the B/A
ratio are more closely associated with BIND. Authors
conclude that the pathophysiological role of low serum

Table 3 BIND score, serum bilirubin, and bilirubin albumin ratio

BIND score on admission Total serum bilirubin (mg/dl) Bilirubin albumin ratio Kernicterus

(0) 24.9 ± 4.2 7.3 ± 1.4 None

(1–3) 31.3 ± 6.8 9.8 ± 2.6 3

(4–7) 40.1 ± 4.2 11.8 ± 1.3 4

BIND score on discharge

(1–3) 6

(4–7) 1/1

Table 4 Comparison of poor neurologic outcome, TSB, B/A ratio, and BIND scores on admission

Normal infants Kernicteric infants P value

Total serum bilirubin 25 ± 4.4 38.8 ± 4.5 0.001

Bilirubin albumin ratio 7.42 ± 1.48 11.7 ± 1.49 0.001

BIND score on admission 0.08 ± 0.3 3.8 ± 2 0.001

P value < 0.05 is considered significant
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albumin levels must be considered in BIND especially
when acidosis and jaundice are present in preterm in-
fants [24]. Severe hemolytic disease and capillary leak
from a variety of conditions can result in plasma albu-
min depletion. In such infants, the risk for kernicterus
may occur at TSB levels well below AAP-recommended
intervention levels for sick infants, but the B/A cutoff
would be breeched [25].
Several experts in the field of bilirubin research advo-

cate the additional use of B/A ratio in jaundiced infants
especially when TSB level is close to that at which ex-
change transfusion is recommended; that is next to but
not instead of TSB, on which to base the management
of hyperbilirubinemia [26, 27].

Ardakani et al. [28] reported a mean B/A ratio of 10 ±
1.6 among his studied neonates presenting with BE. He
identified B/A of 8 to predict acute BIND (AUC 0.957)
with sensitivity of 100% and specificity of 66%, whereas a
TSB cut off value of 25 mg/dl showed sensitivity of
100% and specificity of 57%; hence, agreeing with our re-
sults that B/A ratio was more specific than TSB in the
prediction of poor neurologic outcome.
In their randomized controlled study, Hulzbos et al.

[10] concluded that they did not find any significant ef-
fect of the additional use of B/A ratio compared to TSB-
based treatment on the motor development in preterm
babies at 2 years of life; however, they reported signifi-
cantly higher B/A ratios in their non survivors. They
speculated that the additional use of B/A ratio is a

Fig. 1 ROC curve for B/A ratio. The ROC curve shows that a B/A ratio of 9.6 was 100% sensitive and 91.4% specific and 92% accurate to detect
poor neurologic outcome in neonates suffering from severe neonatal hyperbilirubinemia at 3 months of age

Table 5 Sensitivity and specificity for cut offs predicting poor neurological outcome

Cut off value B/A ratio TSB

9.6 25 mg/dl 30 mg/dl

Affected Normal Affected Normal Affected Normal

Test positive 7 9 7 45 7 17

Test negative 0 96 0 60 0 88

Sensitivity 100% 100% 100%

Specificity 91.4% 57% 83.3%
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valuable parameter in the management of hyperbilirubi-
nemia in preterm infants when the bilirubin is more
harmful and the infant brain is more vulnerable to bili-
rubin neurotoxicity.
In their cohort of 193 term infants, Iskander et al. [11]

reported that moderate to severe bilirubin encephalop-
athy occurred only when the molar concentration of bili-
rubin approached or surpassed the concentration of
albumin at B/A ratio of 8.8 mg/dl. As TSB exceeds this
binding capacity, free bilirubin increases dramatically
and the final deposition is governed by the availability of
alternative plasma binding loci and ultimately by the low
solubility of free bilirubin. In the present study, all babies
with B/A ratio > 13 mg/g developed kernicterus. How-
ever, we observed one baby with normal outcome at B/A
ratio of 12.7 mg/g. This suggests that additional bilirubin
binding sites other than albumin must exist in plasma.
They partly agreed with our results that B/A ratio at cut
off 11.5 is a strong predictor for residual bilirubin neuro-
toxicity with 100% sensitivity but they stated that B/A
offers no additional advantage over TSB alone.
Despite the fact that no definite cut off value at which

TSB or B/A ratio are neurotoxic is yet known, we there-
fore agree with Johnson and Bhutani [2] that it is very
important to study and identify the individual variations
in the ability to buffer bilirubin the brain and the factors
that expedite or delay its neuronal exit which may ren-
der the baby more prone to neurological insults thus
preventing kernicterus.
ElTatawy and colleagues [29] confirmed that a cut off

TSB ≥ 27.5 mg/dl was found to detect kernicterus and
auditory impairment at 1 year of age (100% sensitive,
76% specific). They found that poor neurodevelopmental
outcome as well as auditory impairment was positively
correlated to high TSB, high BIND score, and longer
duration of exposure to severe hyperbilirubinemia. They
reported that 41% of the studied population had un-
favorable outcomes at 3 months of age and further re-
duced to 13.6% at 1 year of age since most of them
improved with time. These numbers were much higher
than our results in which only 6% of enrolled neonates
presented with kernicterus at 3 months follow up. We
attributed this difference to different methods of neuro-
logical evaluation at follow up visits.
Limitations of this study include absence of risk strati-

fication, gestational age, and cause of jaundice was not
clear in some included neonates. Serial BIND score as-
sessment and serial measurement of TSB and albumin
could not be done. Sometimes, there was some delay in
performing exchange transfusion because of unavailabil-
ity of needed blood group. Subtle neurological deficits
could have been missed; MRI and auditory brain stem
response were done only to babies having abnormal
motor examination; they should have been done to all

babies attending the 3 months follow up visits. Long-
term follow up is needed since some neurological insults
may present in school age. Further randomized con-
trolled trials are needed to emphasize know on evidence
basis whether the concurrent use of B/A ratio with TSB
in the management of hyperbilirubinemia is of value or
not needed.

Conclusion
B/A ratio is a strong indicator for the risk of kernicterus.
B/A is more specific than TSB and should be used in the
early management of neonatal hyperbilirubinemia.
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