
Patients With Biliary Atresia Have Elevated Direct/
Conjugated Bilirubin Levels Shortly After Birth

WHAT’S KNOWN ON THIS SUBJECT: Infants with biliary atresia
(BA) have better outcomes if detected and treated early, typically
before 8 weeks of age. Making an early diagnosis is difficult,
however, because newborns appear healthy and start developing
disease at an unknown time.

WHAT THIS STUDY ADDS: Patients with BA have elevated direct/
conjugated bilirubin (DB/CB) levels at birth. BA could be detected
earlier if: (1) all newborns have DB/CB levels measured, including
those not jaundiced; and (2) all elevated DB/CB levels are
followed, independent of total bilirubin measurements.

abstract
OBJECTIVES: Healthy infants are thought to acquire biliary atresia
(BA) in the first weeks of life. Because those diagnosed earlier have
better outcomes, we were interested in determining the earliest time
BA could be detected. We started by examining the immediate postnatal
period, hypothesizing that newborns would not yet have acquired dis-
ease and still have normal direct/conjugated bilirubin (DB/CB) levels.

PATIENTS AND METHODS: Newborn DB/CB levels were obtained retro-
spectively from birth hospitals. Subjects with BA were born between
2007 and 2010 and cared for at Texas Children’s Hospital. Those with BA
splenic malformation syndrome or born prematurely were excluded.
Control subjects were term newborns who later never developed neo-
natal liver disease.

RESULTS: Of the 61 subjects with BA, 56% had newborn DB/CB levels
measured. All DB/CB levels exceeded laboratory norms and rose over
time. At 24 to 48 hours of life, subjects with BA had mean DB levels
significantly higher than those of controls (1.4� 0.43 vs. 0.19� 0.075
mg/dL, P � .0001), even while their mean total bilirubin (TB) levels
remained below phototherapy limits. Finally, despite the elevated
DB/CB levels, the majority of patients (79%) had normal DB:TB ratios
�0.2.

CONCLUSIONS: Patients with BA have elevated DB/CB levels shortly
after birth. To detect affected infants earlier and improve outcomes,
the results suggest two possibilities: (1) screen all newborns for ele-
vated DB/CB levels, rather than just those who appear jaundiced; and
then (2) follow all newborns with elevated DB/CB levels, rather than
just those with DB:TB ratios�0.2. Pediatrics 2011;128:e1428–e1433
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Biliary atresia (BA), a disease of un-
known etiology, causes significant
morbidity in pediatric populations. BA
is thought to be acquired by otherwise
healthy infants who develop bile duct
obstruction weeks after birth and
progress to end-stage liver disease
over the next 6 to 9 months. If affected
infants are identified with BA within
the first months, they undergo the Ka-
sai hepatoportoenterostomy (HPE) in
an attempt to restore bile flow and de-
lay cirrhosis. If BA is diagnosed later,
infants have advanced liver damage,
rarely benefit from the Kasai opera-
tion, and proceed with liver transplan-
tation (LT) evaluation because no other
therapies exist. Unfortunately, be-
cause of unsuccessful Kasai opera-
tions and/or delayed diagnoses,� half
of the patients with BA ultimately re-
quire LT, making BA the leading indica-
tion for pediatric LT worldwide.1–3

Results of recent studies suggest that
LT can be delayed and even avoided if
the Kasai hepatoportoenterostomy is
performed early, before significant
liver damage develops (ie, before 8
weeks).4 However, making such an
early diagnosis is difficult. One delay
arises because there are no validated
early markers to screen for BA The
earliest clinical marker–jaundice, is
accompanied by a number of patho-
logic changes in the liver, including
bile duct proliferation and fibrosis. An-
other delay arises because BA is rela-
tively rare. BA occurs in 1 in 8000 to 1 in
12 000 infants and a result, infants
with BA are often mistaken initially for
infants with more common forms of
neonatal jaundice such as breastfeed-
ing jaundice or prolonged newborn
“physiologic” jaundice.1

To help clinicians make earlier diagno-
ses, we aimed to determine the earli-
est time at which BA can be detected.
We started by examining the newborn
period. Assuming that BA is acquired,
we hypothesized that infants with BA

would be unaffected as newborns and
have normal direct bilirubin/conju-
gated bilirubin (DB/CB) levels shortly
after birth.

PATIENTS AND METHODS

Patient Selection

This study was approved by the insti-
tutional review board at Baylor Col-
lege of Medicine. Eligible subjects
with BA were born between January
1, 2007, and December 31, 2010, and
cared for at Texas Children’s Hospi-
tal, a tertiary care center in Houston,
Texas. BA diagnoses were made by
liver biopsy and/or intraoperative
cholangiogram. Eligible control sub-
jects were the first 75 term infants
born at the beginning of each season
(April 2010, July 2010, October 2010,
and January 2011) at Ben Taub Gen-
eral Hospital, a large county hospital
in Houston. All newborns in this hos-
pital have DB and total bilirubin (TB)
measurements at 24 to 48 hours of
life (HoL) regardless of clinical con-
dition. No control subjects later de-
veloped liver disease.

Excluded subjects had BA splenic
malformation (BASM) syndrome or
were born prematurely. Subjects
with BASM syndrome were defined
as those with who had either absent,
or �1 spleen on abdominal ultra-
sound and were excluded because
they would be predicted to have con-
genital disease and elevated DB/CB
levels at birth.5 Premature subjects
were defined as those born before 37
weeks’ gestation and were excluded
because this population lacks well-
accepted bilirubin ranges. In addi-
tion, premature subjects have a
number of comorbidities that could
elevate DB/CB levels shortly after
birth, including sepsis, antibiotic
use, and parenteral nutrition. No eli-
gible subjects in this study were�42
weeks’ gestation.

Data Acquisition

For subjects with BA and controls, bili-
rubin measurements from 0 to 96 HoL
were obtained retrospectively from
birth hospitals. In addition, birth times
(or, if unavailable, times of cord-blood
collection) were recorded to calculate
time of bilirubin measurements, and
laboratory methodologies were re-
corded to determine whether DB or CB
measurements were made. For sub-
jects with BA, demographic data and
clinical course were also obtained
retrospectively.

Subjects included in this study had ei-
ther DB/TB or CB/unconjugated biliru-
bin measured. As previously reported,
DB and CB levels are similar but not
equivalent. DB assays are chemical re-
actions (diazo reactions) that detect
some unconjugated bilirubin in addi-
tion to CB, whereas CB assaysmeasure
CB directly by using direct spectropho-
tometry.6 Seventy-one DB levels were
obtained from 23 hospitals using Ab-
bott (Abbott Park, IL), Beckman Coulter
(Brea, CA), Roche (Indianapolis, IN), or
Siemens (Deerfield, IL) machines. Most
hospitals reported a normal DB range
of 0.0 to 0.3 mg/dL; however, 1 hospital
reported a DB range of 0.0 to 0.5 mg/
dL, which was used in this study. Thir-
teen CB levels were obtained from 6
hospitals using Vitros machines (Or-
tho Clinical Diagnostics, Rochester,
NY). A normal CB range of 0.0 to 0.3
mg/dL was used, consistent with find-
ings from a recent large population
study.7

Statistical Analysis

For analysis of demographic data,
Fisher’s exact test was used. For DB/TB
analysis, levels were first grouped ac-
cording to when they were collected
(0–24, 24–48, 48–72, or 72–96 HoL).
When more than 1 DB/TB level was re-
corded for a particular time interval,
only the earliest measured level was
used for calculations and graphs.
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Comparisons were thenmade by using
the unpaired t test and reported as
mean � SD. For CB analysis, all levels
for all subjects were plotted. Statisti-
cal operations were performed by
using GraphPad Prism 5 software
(GraphPad, La Jolla, CA).

RESULTS

Of the 73 eligible subjects with BA seen
at Texas Children’s Hospital and born
between 2007 and 2010, 61 met inclu-
sion criteria (Fig 1). Fifty-six percent
(34 of 61) had DB or CB measurements
in the first 96 HoL. Although subjects
with and without measurements dif-
fered in regard to newborn blood tests
ordered, they were indistinguishable
with respect to gender, race, ethnicity,
and birth season. These infants also
underwent the Kasai hepatoportoen-
terostomy at similar rates and pro-
gressed to end-stage liver disease sim-
ilarly (as inferred by transplant
status). Finally, the number of de-
ceased subjects in each group was the
same (Table 1).

Serum DB/CB levels were elevated in
all subjects with BA. DB levels were el-
evated at 0 to 24 HoL (0.98� 0.17 mg/
dL); the earliest measurement was 1.1
mg/dL at 1 HoL (Fig 2A). Mean DB levels
continued to increase, with a level of
2.5� 0.72 mg/dL at 72 to 96 HoL. Simi-
larly, CB levels were elevated early; the
earliest value was 1.0 mg/dL at 17 HoL
(Fig 2B). CB levels trended upwardwith
time; the latest value was 3.3 mg/dL at
80 HoL. It is important to note that no
matter when recorded, every DB or CB
value from subjects with BA exceeded
the laboratory upper limit of normal.

At 24 to 48 HoL, when newborn biliru-
bin measurements are typically mea-
sured, mean serum DB levels were
higher in subjects with BA compared
to controls (Fig 3A) (1.4 � 0.43 vs
0.19 � 0.075 mg/dL, respectively; P �
.0001). There was no overlap, since the
lowest DB value from a subject with BA

(0.8 mg/dL) was greater than the high-
est DB value from a control subject (0.7
mg/dL). Even with elevated DB values,
TB levels were not excessively high. TB
levels from subjects with BA and con-
trols, although different, were essen-
tially superimposable and below
phototherapy levels for healthy 37-
week-gestation newborns (Fig 3B).8

Despite their elevated DB/CB levels,
only 53% (18 of 34) of the subjects with
BA had directed follow-up after dis-
charge from the nursery. One possible
explanation is that the elevated DB/CB
levels were considered normal by
caregivers, because they were �20%
of the TB levels.9 To investigate this fur-

ther, we calculated the DB:TB ratio for
all subjects with TB levels of�5 mg/dL
at 24 to 48 HoL. The mean DB:TB ratio
was�0.2 in both subjects with BA and
controls (Fig 4) (0.17 � 0.068 vs
0.026� .012, respectively; P� .0001).
Seventy-nine percent (19 of 24) of the
subjects with BA had a DB:TB ratio of
�0.2, with the lowest ratio 0.087.

DISCUSSION

Although infants with BA who were di-
agnosed and treated earlier have bet-
ter outcomes, it is still unknown when
BA starts. The disease is thought to be
acquired some time after birth in oth-
erwise healthy infants. Our results,

27  DB levels 
measured 

 
(71 total measurements) 

7  CB levels 
measured 

 
(13 total measurements) 

27  DB/CB levels not measured 
between 0 and 96 HoL  

34  DB/CB levels measured 
between 0 and 96 HoL   

73  patients with BA (born 2007–2010)  

2  BASM syndrome 
7  premature 
3  BASM syndrome and premature 

FIGURE 1
Patient selection. The 27 subjects with DB levels measured had 71 total measurements between 0 and
96 HoL, whereas the 7 subjects with CB levels measured had 13 total measurements. BASM indicates
BA splenic malformation.

TABLE 1 Characteristics of Subjects With BA

Characteristic DB/CB
Not Measured
(N� 27)

DB/CB
Measured
(N� 34)

P

Male gender, n (%) 13 (48) 14 (41) .61
Race, n (%)
White 16 (59) 24 (71) .42
Black 5 (19) 8 (24) .76
Asian 6 (22) 2 (6) .12

Hispanic, n (%) 7 (26) 16 (47) .11
Birth season, n (%)
Winter 4 (15) 5 (15) 1.00
Spring 9 (33) 7 (21) .38
Summer 5 (19) 7 (21) 1.00
Fall 9 (33) 15 (44) .44

Underwent Kasai hepatoportoenterostomy, n (%) 21 (78) 27 (79) 1.00
Listed/transplanted, n (%) 18 (67) 23 (68) 1.00
Died, n (%) 2 (7) 2 (6) 1.00
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however, suggest that BA is already
present in the immediate newborn pe-
riod. All subjects with BA in this study
had elevated DB/CB levels throughout
the first 4 days of life and starting as
early as 1 HoL. Furthermore, at 24 to 48
HoL, subjects with BA had significantly
higher mean DB levels compared to
controls, even though their mean TB
level was below phototherapy limits
and theirmean DB:TB ratio was consid-
ered normal. Thus, rather than being
unaffected at birth, and acquiring the
disease later, it appears that new-
borns with BA have abnormalities that
are readily detected by common labo-
ratory tests. The findings raise the pos-
sibility of identifying infants who may

have BA shortly after birth, which in
turn has the potential to improve their
outcomes.

Because these results disagree with
expectations of BA as an acquired dis-
ease, we questioned whether subjects
with DB/CB levels collected in the first
4 days were representative of the gen-
eral population of infants with BA. Two
sets of findings suggest that they are
representative. First, subjects with
and without measurements had simi-
lar courses and outcomes (Table 1).
Both groups underwent the Kasai
hepatoportoenterostomy and LT in the
same proportions, and both had equiv-
alent mortality rates. Second, subjects
with DB/CB levels would have ap-

peared healthy at birth, similar to pa-
tients with BA in general. They would
not have been distinctively jaundiced,
because they had TB levels below pho-
totherapy limits (Fig 3B). Hence, given
that our subjects with BA were indis-
tinguishable from other patients with
BA, the results from this study should
be broadly applicable to other infants
with the disease.

As the first study to examine newborn
DB/CB levels in infants with BA, this
study has limitations that can be ad-
dressed in future investigations. First,
the study had only 73 subjects, al-
though the subjects came from a
broad geographical area spanning 9
states and Mexico. Second, the study
includedmore DB levels than CB levels.
DB measurements can differ between
instruments, and their ranges may
vary among hospitals.6,7 Third, we ex-
amined infants with BA rather than all
infants) in a particular period and, as a
result, provide information on sensitiv-
ity but not specificity. However, based
upon previous studies, the specificity
of elevated DB/CB levels for BA would
likely be low, because more common
conditions such as sepsis also cause
elevated DB/CB levels in the newborn
period.7
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FIGURE 2
Patients with BA have elevated DB and CB levels
immediately after birth. A, Mean DB levels at 0 to
24 HoL (n � 6), 24 to 48 HoL (n � 24), 48 to 72
HoL (n � 11), and 72 to 96 HoL (n � 12). Each
subject’s earliest measurement per interval
was used. B, CB levels. The dashed lines indicate
the upper limits of normal: 0.5 mg/dL (A) and 0.3
mg/dL (B).
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FIGURE 3
Patients with BA have elevated DB, but not TB,
levels at 24 to 48 HoL. Shown are the mean DB
(A) and TB (B) levels for controls (n� 300; col-
lection time: 39� 5.6 HoL) versus patients with
BA (n � 24; collection time: 34 � 6.2 HoL). The
dashed lines indicate the upper limits of normal
(A, 0.5mg/dL), or the approximate phototherapy
level at 34 HoL (B, 11.2 mg/dL). a P� .0001.
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FIGURE 4
The majority of patients with BA have a DB/TB
ratio of�0.2. Shown are the mean DB/TB ratios
for controls (n � 242) versus patients with BA
(n � 24). Only subjects with a TB level of �5
mg/dL were used for analysis. The dashed line
indicates the recommended normal limit (0.2).
a P� .0001.
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The findings from this study offer two
possible ways of identifying patients
with BA earlier. First, it appears that BA
could be detected in the newborn pe-
riod if all newborns are screened for
elevated DB/CB levels. Currently, the
American Academy of Pediatrics rec-
ommends screening only jaundiced in-
fants with TB levels, primarily to plan
for phototherapy and avoid ker-
nicterus.10,11 There is no policy for in-
fants who do not appear jaundiced,
which might explain why only 56% of
subjects with BA had DB/CB levelsmea-
sured as newborns. Furthermore, if
measurements of DB/CB are taken, the
policy does not address those with
normal TB levels but, only those with
elevated DB/CB levels. This group con-
stitutes the majority of subjects with
BA in our study.

Universal screening for elevated
DB/CB levels could address many of
these issues and has a number of ad-
ditional advantages. Universal testing
is readily available, easily interpreta-
ble, and supported by experts in the
field.12,13 DB/CB screening bypasses
limitations of other proposed BA
screening tests, such as measuring
conjugated bile acids on newborn spot
cards (overlap between BA and control
values), or detecting acholic stools by
using an “infant stool color card”
(which requires parents to make sub-
jective decisions on the basis of what
they perceive as stool color).14–18 Most
important is that universal DB/CB level
screening is an extremely sensitive
early test for BA. In this study, all 84 DB
or CB levels measured between 0 and
96 HoL were elevated in subjects who
were eventually diagnosed with BA.

Second, patients with BA could be de-
tected earlier if all elevated DB/CB lev-
els (no matter what the TB level) trig-

ger further investigation. Currently,
the North American Society for Pediat-
ric Gastroenterology, Hepatology, and
Nutrition recommends further testing
only if the DB level exceeds 20% of the
TB level in patients with TB levels �5
mg/dL.9 These guidelines acknowledge
that elevated DB levels might some-
times reflect excessive unconjugated
bilirubin because of the measurement
techniques. However, the policy would
detect only 21% of cases of BA with
measurements in this study and may
explain, in part, why only 53% of the
subjects with elevated DB/CB levels re-
ceived directed follow-up and the op-
portunity for earlier intervention.

One way to address these issues is by
closely following all newborns with el-
evated DB/CB levels independent of
their TB levels. Elevated DB levels
would be determined on a hospital-by-
hospital basis, because measurement
technologiesmay vary; elevated CB lev-
els, on the other hand, have been well
defined in a recent large population
study.7 In our group’s practice, if in-
fants have persistently elevated levels
for the first 2 weeks, we ask that they
be referred to a subspecialty center to
distinguish BA from other liver dis-
eases that cause elevated DB/CB levels
shortly after birth. Prospective studies
are needed to confirm whether this al-
gorithm for detecting and treating BA
early ultimately delays or reduces the
need for LT.

Finally, on a more speculative note, the
elevated DB/CB levels shortly after
birth challenge the field’s generally
accepted BA pathogenesis model,
which proposes that healthy infants
acquire a viral infection that triggers
an (auto)immune reaction against
bile ducts.19,20 The acquired model is
supported by several lines of evidence:

(1) infants appear normal at birth; (2)
no clear inheritance patterns exist; (3)
viruses have been found in liver tissue
from some patients; and (4) newborn
mice develop BA-like disease when in-
fected with rhesus rotavirus.21–25 How-
ever, the elevated DB/CB levels shortly
after birth found in this study aremore
consistent with BA as a congenital or
developmental disease. Future work to
better the etiology and pathogenesis of
BA should be able to reconcile these
differences.

CONCLUSIONS

DB/CB levels are elevated in newborns
ultimately diagnosed with BA. The ele-
vated levels are often overlooked, how-
ever, in part because TB levels are nor-
mal and the DB:TB ratiomay not exceed
recommended abnormal limits. Our
findings suggest 2 possibilities that
might improve current practice: (1)
screen all newborns for elevated
DB/CB levels regardless of clinical ap-
pearance; and (2) follow elevated
DB/CB levels regardless of TB levels.
Taken together, these changes could
transform BA management by identify-
ing affected infants early even before
clinically significant liver injury
develops.
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