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The Outcome of the Older (>100 Days) Infant With Biliary Atresia
By M. Davenport, V. Puricelli, P. Farrant, N. Hadzic, G. Mieli-Vergani, B. Portmann, and E.R. Howard
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ackground: There is a detrimental effect of increasing age
n the results of the Kasai portoenterostomy for biliary
tresia (BA), and some centers routinely advocate primary
iver transplantation for the older infant, irrespective of other
riteria. This perception that such infants are indeed irretriev-
ble was tested by retrospective analysis.

ethods: All infants who had undergone surgery for BA
uring the period 1980 through 2000 aged �100 days were
eviewed. Actuarial survival was calculated using 2 end-
oints (death and transplantation). A retrospective review of
heir ultrasonography (n � 12) and preoperative liver histol-
gy (n � 22) was also undertaken to ascertain possible
redictive criteria.

esults: A total of 422 infants had BA diagnosed during this
eriod, of which 35 (8.2%) were �100 days at surgery (me-
ian [interquartile range], 133 [range, 108 to 180] days).
urgery included portoenterostomy (n � 26), hepaticojeju-
ostomy (n � 7), and a resection and end-to-end anastomo-
is (n � 1). A laparotomy only was performed in 1. Five- and

0-year actuarial survival rate with native liver was 45% and r

lementary, reserving the latter for failure of the former.
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0%, respectively. Currently, 12 (35%) patients are alive with
heir native liver (8 are anicteric), 9 (28%) have undergone
ransplantation, and 13 have died. Although there were some
urvival advantages for types 1 or 2 BA and “noncirrhosis” at
ime of surgery, neither reached statistical significance. Indi-
idual histologic features (eg, degrees of fibrosis, giant cell
ransformation, bile duct destruction) in the retrospective
eview of available material were not discriminatory. The
nding of a “heterogeneous” parenchyma on ultrasonogra-
hy was predictive of poor outcome but lacked sensitivity.

onclusions: The potential for reasonable medium-term sur-
ival is present in about one third of infants 100 days or older
oming to primary corrective surgery. In the absence of
ccurate discrimination, the authors continue to favor this
ption rather than subject all to transplant simply on the
asis of age.
Pediatr Surg 39:575-581. © 2004 Elsevier Inc. All rights

eserved.

NDEX WORDS: Biliary atresia, Kasai portoenterostomy, cir-

hosis.
ILIARY ATRESIA (BA) is an obliterative cholan-
giopathy of unknown etiology affecting about 1 in

5,000 infants. Although most are full term with a
ormal birth weight and will present early with obvious
igns of conjugated jaundice, pale stools, and dark urine,
small proportion will evade early diagnosis and sur-

ery. Because progression of the untreated liver disease
eads to hepatic fibrosis and ultimately end-stage biliary
irrhosis, it is not unexpected that these infants would
ave a bleak outlook.
The Kasai portoenterostomy has been the mainstay of

reatment for BA in the United Kingdom for the past 30
ears1-3 with a reported rate of early success, defined by
learance of jaundice, in our center, of 60% to 80%.3-5

he advent of liver transplantation in the 1980s6 meant
hat an alternative therapeutic procedure became avail-
ble, although initially it was only offered to the older
hild who had at least established a degree of bile
rainage. Increasing confidence with technical variations
uch as liver reduction and use of living-related donors
as allowed progressively smaller recipients, and cur-
ently there is no technical barrier to transplantation
uring infancy with acceptably small morbidity and
ortality rates. Nevertheless, our practice has still been

o regard portoenterostomy and transplantation as com-
nly exceptionally have we performed a transplant as a
rimary procedure.
Studies illustrating the detrimental effect of increasing

ge at initial surgery appeared in the 1970s and
980s.3,7,8 Inevitably, early reports involved relatively
mall numbers with too much being made of arbitrary
utoff values and ignoring the observation that the older
roup were invariably composed of a heterogeneous
ix of cases, often undergoing surgery at extremes of

ge. With larger series, both multicenter9,10 and single-
enter,4 it became possible to use stratified age groups,
he result of which was a “plateau” effect that showed no
articular advantage for the younger age groups. For
nstance, our own study4 showed that the detrimental
ffect of age in terms of survival with a native liver was
nly seen in infants of greater than 100 days at initial
urgery.
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576 DAVENPORT ET AL
The aim of this study was to analyze that subgroup of
nfants who were 100 days or older at the time of
ortoenterostomy, which we define as “late.” The pre-
ictive value of some preoperative variables, which have
een suggested as important, were also studied.

MATERIALS AND METHODS

King’s College Hospital, London is the largest pediatric hepatobili-
ry unit in the United Kingdom and has specialized in the investigation
f jaundiced infants and the treatment of BA since 1974. For the
urposes of this study, we restricted our review to those infants who
ad undergone their primary surgery at this center since 1980 to
xclude the effect of a “learning curve” in the acquisition of a new
echnique.

The macroscopic classification of BA was based on that of the
apanese Association of Pediatric Surgeons and defines type I, atresia
ffecting the common bile duct; type II, atresia affecting the common
epatic duct, and type III, occlusion at the level of the porta hepatis.
Surgery was performed by 2 surgeons using identical techniques.

riefly, this consisted of liver mobilization, a radical dissection and
xcision of the extrahepatic biliary tree, and portoenterostomy to a 40
ms Roux loop.11 Early in the series, some infants with type 1 or 2 BA
nderwent a hepaticojejunostomy. No stomas were used during this
eriod. The postoperative medical and nutritional management was
easonably uniform during this 20-year period and included the use of
henobarbitone, cholestyramine, fat-soluble vitamins, and a medium-
hain triglyceride milk formula. Ursodeoxycholic acid, but not corti-
osteroids, have occasionally been used since the 1990s.

A case-note review established those regarded as “cirrhotic” at the
ime of primary surgery either on the basis of the diagnostic needle
iopsy or operative findings. A retrospective review of the original
ltrasound scans and available histopathologic material was also un-
ertaken to try and establish ultrasonic and histologic prognostic
riteria.

ltrasonographic Review

All infants had been scanned using either a Diasonics CV400
Diasonics, Milpitas, CA), Prisma (Diasonics, Paris, France) or Masters
Diasonics, Santa Clara, CA) ultrasound scanner with 5- or 3.5-MHz
robes.
The resistance index (RI) of the hepatic artery waveform was

alculated for all Doppler scans. Briefly, this is derived by subtracting
nd diastolic from peak systolic frequency and dividing by peak
ystolic frequency. We have previously established that a RI � 1 is
redictive of rapid deterioration in BA post-Kasai.12 There are no data,
owever, on the predictive value of the pre-Kasai RI. The maximum
plenic diameter was also recorded as an indirect index of portal
ypertension. Again, we have no data on its actual value in assessing
nfants with BA.

HISTOLOGIC REVIEW

Formalin-fixed tissue stained with H & E and reticulin
as reassessed by a single pathologist (BP). Five vari-

bles were evaluated using a semiquantative scoring
ystem and consisted of fibrosis, cholangiolar bile casts,
obular (parenchymal) cholestasis, bile duct destruction,
nd presence of giant cells. Fibrosis was graded as 0, no
brosis; 1, mild portal fibrosis; 2, porto-septal; nonbridg-
ng fibrosis; 3, bridging fibrosis; and 4, cirrhosis. The a
ther features were graded as 0, feature absent and 1, 2,
nd 3 reflecting increasing intensity of the feature.

Data were expressed as medians and range and com-
ared using nonparametric tests (eg, Mann-Whitney U
est). Actuarial (Kaplan-Meier) survival curves were
lotted using standard statistic software (Arcus Quikstat
.1) and differences assessed using a log-rank test. Sig-
ificance was assumed at P � .05.

RESULTS

A total of 422 infants had BA diagnosed and under-
ent confirmatory laparotomy and portoenterostomy or
epaticojejunostomy from January 1980 to December
000. Within this group there were 35 (21 female)
nfants (8%) who underwent surgery at �100 days with
median age at surgery of 133 (range, 100 to 301) days.
our infants (11%) were premature (�36 weeks). Two
6%) infants had other anomalies compatible with the
iliary atresia splenic malformation syndrome.13 Twen-
y-six infants were referred from within the United King-
om, whereas 9 originated outside.
BA was classified as type I (n � 7, 20%), type 2 (n �

, 9%), and type 3 (n � 25, 71%). Of the remaining BA
nfants (n � 387) in the series where classification was
ossible, 368 (95%) were type 3 and 19 (5%) type 1 or
. The difference in distribution was significant (P �
001). One infant with a chromosomal abnormality and
ther severe cardiac anomalies underwent a diagnostic
aparotomy only that showed a Type 3 BA.

easons for Treatment Delay

The reasons for the late diagnosis and treatment of BA
ere ascertained from case-note analysis. We excluded

ll 9 non-UK infants and 9 UK infants with pertinent
issing data. Of the remaining 17 infants, in one the

elay was caused by failure of parents to attend any form
f health check or seek medical advice about persisting
aundice; in 6 infants, there was a significant delay in
eferral attributed to their general practitioner, and in 7
nfants, the delay was caused by a misdiagnosis in the
eferring hospital. In the remaining 3 infants who had
een referred to our hospital at an earlier stage, the initial
iagnostic liver biopsy was not interpreted as BA.

rognostic Features

Twelve (37%) infants had evidence of a “cirrhotic”
iver, diagnosed either on histologic features on the
reoperative liver biopsy or from the operative macro-
copic findings. An acquired biliary atresia was diag-
osed in 2 infants because of an atypical clinical history
nd operative findings. These have been described pre-
iously.14 Briefly, one was born at 28 weeks’ gestation

nd sustained many complications attributable to prema-
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577BA OUTCOMES IN OLDER INFANTS
urity, including fluctuating jaundice. At a laparotomy at
68 days she was found to have a membranous type 1
A and a proximal pin-hole perforation in her bile duct
ith some localized bile leakage. Liver biopsy and his-

ology of the resected bile duct was indistinguishable
rom “congenital” BA. The other had a history of fluc-
uating jaundice and a laparotomy at 119 days, which
howed a type 2 BA. There was a mass of inspissated
ile around the supraduodenal portion of the common
ile duct and a distal perforation. Cirrhosis was con-
rmed histologically.

ostsurgical Outcome (n � 34)

Twenty-six infants underwent a Kasai portoenteros-
omy (type 3 [n � 23] and type 1 [n � 3]), and 7 a
epaticojejunostomy (type 1 [n � 4]; type 2 [n � 3]).
he infant described above with an acquired type 1 BA
ad a resection of the atretic segment and duct-to-duct
nastomosis. The whole group then was followed up for
median of 2.2 (0.45 to 18) years.
Twelve (34%) children were alive at last follow-up

ith their native liver (median, 9 [range, 2 to 18] years);
(28%) children had undergone liver transplantation

median, 1 [range, 0.18 to 12] years postoperatively), and
3 children have died (median, 0.75 [range, 0.3 to 6]
ears postoperatively). Eight of the 12 children who are
live with their native liver were anicteric at last fol-
ow-up (type III [n � 4], type 1 [n � 2], acquired [n �
]). Two children have bilirubin levels of 35 and 73
mol/L at last follow-up, and 1 was alive at 5 years,
lthough the bilirubin level had not been recorded.

Figure 1 illustrates the actuarial survival of those with
nown outcome (n � 34). The 5- and 10-year survival
ates with native liver was 45% and 40%, respectively.
igure 2 shows the survival of infants according to type
f BA. There was no real survival advantage for infants

Fig 1. Actuarial survival rate of infants undergoing surgery at

100 days.
ith the “correctable” (types 1 and 2, n � 10) versus the
uncorrectable” type 3 BA (n � 24; P � .42). Figure 3
hows the survival of infants according to the perception
f cirrhosis at the time of operation (n � 12). “Cirrhosis”
as based either on a preoperative percutaneous liver
iopsy or on macroscopic appearance of the liver at the
ime of laparotomy. There was no significant survival
isadvantage when this feature was diagnosed (P � .25).

ltrasound Review

Twelve of a possible 14 scans, available since January
986, were reviewed. Of these, 10 were described as
howing a homogeneous parenchymal pattern and 2 a
nely heterogeneous appearance suggestive of cirrhosis.
n the “homogeneous” group, 5 remain jaundice free, and

have undergone transplant or have died. Both infants
onsidered “heterogeneous” underwent transplant 2 and
months post-Kasai. Thus, the positive predictive value

f this observation was 100%, but its negative predictive
alue was only 50%.
One infant shown at operation to have an acquired

Fig 2. Effect of type of biliary atresia on survival.
Fig 3. Effect of “cirrhosis” perceived at time of laparotomy.
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578 DAVENPORT ET AL
ype 2 BA showed slight dilatation of the intrahepatic
ile ducts, but another with type 1 BA was not discrim-
nated. Two scans suggested intrahepatic parenchymal
ystic change, although this was not identified at surgery.

In 11 infants, the median spleen size was 7.5 (range,
.7 to 9.1) cm, whereas resistance index was 0.79 (range,
.61 to 0.91). There was no correlation of either variable
ith age at surgery (P � .37, P � 0.27, respectively).
imilarly, there was no correlation between either vari-
ble and outcome.

istologic Review

Preoperative histologic material was available for re-
iew in 22 infants. The degree of fibrosis was assessed as
rade 4 (n � 11 [50%]) grade 3 (n � 8 [36%]) and grade
(n � 3 [14%]). The degree of cholangiolar bile casts
as assessed as grade 3 (n � 4 [18%]) grade 2 (n � 1

5%]), grade 1 (n � 4 [18%]) and grade 0 (n � 13
59%]). Lobular (parenchymal) cholestasis was assessed
s grade 3 (n � 5 [23%]), grade 2 (n � 2 [55%]), grade
(n � 2 [9%]). Two (9%) infants had no evidence of

obular cholestasis. Fourteen (64%) had evidence of bile
uct destruction. Giant cells were assessed as grade 3
n � 3 [14%]), grade 2 (n � 5 [23%]) and grade 1 (n �

[14%]). There was no evidence of giant cell transfor-
ation in 10 (45%) infants.
Within this histologic review group, 8 underwent suc-

essful surgery, whereas 14 either died or underwent
ransplant. Table 1 shows the results of a �2 analysis to
etermine the relationship of criteria to outcome and
hows that no feature was significantly different between
he 2 outcomes.

DISCUSSION

The value of the Kasai operation in biliary atresia is

Table 1. Relationship of Histologic Criteria to Outcome

Histologic Feature Alive Dead/OLT Significance PPV NPV

Fibrosis
4 4 7
�4 4 7 P � .67 -

Cholangiolar bile
duct destruction

3 0 4
�3 8 10 P � .13 100% 56%

Parenchymal
cholestasis

3 2 3
�3 6 11 P � .62

Bile duct destruction
Yes 5 9
No 3 5 P � .64

Giant cell
transformation

Yes 5 6
No 2 9 P � .18 55% 88%
ow unquestioned, when it is performed by surgeons o
xperienced in the technique with unrestricted access to
he appropriate medical and nutritional support facilities
nd optimal postoperative care. In the United Kingdom,
s a whole, about 55% of infants with BA will be
endered jaundice free15 having therefore the prospect of
hort- to medium-term survival with their own liver.

To date, there exists no clinical test that can predict
uccess or failure of the Kasai operation (at whatever
ge) without actually performing it. However, as the
ntrinsic liver damage progresses with increasing age, a
rogressively lower proportion of cases will benefit from
surgical procedure with a minimal chance for success.
revious abdominal surgery is associated with increased
isks of postliver transplant complications, including in-
estinal perforation,21 vascular complications, and ab-
ominal infection. The question remains as to when to
top offering an apparently hopeless surgical procedure.
ur series, which is the largest from a single center,

uggests that even in this subgroup of “elderly” infants,
orthwhile restoration of bile flow, loss of jaundice, and

ven resolution of chronic liver disease can be observed.
verall, about 40% of infants survived to 5 years with

heir liver—a remarkable statistic.
The conclusions from other studies, which have also

ought to answer this specific question above, have
aried. In Kasai’s own series16 only 19% of infants
perated on from 90 to 120 days, survived to 10 years.
urthermore, there were no long-term survivors in those
perated on after 120 days. Chardot et al17 reported the
urvival experience of 60 (14%) of 440 infants who
nderwent a Kasai portoenterostomy aged greater than
0 days in France between 1986 and 1996, and showed
hat the 5-year survival rate with a native liver was 25%
ompared with 35% if less than 90 days. Tagge et al18

eported the experience of 34 infants in the United States
nd showed that 77% of infants undergoing a Kasai
peration at greater than 84 days became anicteric. Fi-
ally, Schoen et al19 reported a small series of 4 infants
ndergoing Kasai at greater than 90 days, all of which
ere successful. Toyosaka et al20 reported the oldest

uccessful Kasai operation in a 9-month-old child who
ad a type 3 BA with cystic change in the common bile
uct. Even at that age, cirrhosis was not evident, and the
hild was rendered anicteric and had been well for 6
ears.
It seems likely that some discrepancies in outcome
ay be, in part, caused by the heterogeneous nature of

he older infant with BA. There are those in whom the
iagnosis is delayed for nonmedical reasons: failure of
he attendants to realize the importance of persisting
aundice and failure of parents to present their children
or routine health checks. In these, the intrinsic paren-
hymal disease is advanced at presentation, and their

utlook is, without doubt, poorer. However, there also
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579BA OUTCOMES IN OLDER INFANTS
eems to be a group who may well have a different type
f BA, presumably acquired in the postnatal period, for
hom the intrinsic parenchymal disease is not as ad-
anced and after restoration of bile flow would be ex-
ected to do well. We have previously used the term
cquired BA14 describing 3 infants from our whole series
n whom, although technically atretic, it appeared that
he process may have been because of a specific cause
uch as a healed spontaneous perforation or vascular
njury. These older infants invariably did well after
econstruction. There also appears to be a higher propor-
ion of the more uncommon types of BA (types 1 and 2)
n this group, again suggesting a different etiology and
athology.
Primary transplantation is the alternative for this group

f infants, although the literature is small, and specific
eports of infants who undergo this option are few.10, 21

n the largest, a French multicenter study,10 30 infants
nderwent this option. However, their overall survival
ate was significantly worse than infants less than 90
ays who underwent a Kasai and later transplantation, if
eeded, and only similar to infants who underwent Kasai
t greater than 90 days and later transplantation. These
oor results were principally owing to pretransplant
eaths on the waiting list clearly emphasizing that ap-
ropriate comparison must begin at the time of listing not
imply limiting it to those who actually received a
ransplant.

Four studies from 3 American centers have attempted
o compare the results of primary transplantation versus
ransplant post-Kasai portoenterostomy.21-24 In an early
eport (1988) from Los Angeles, Millis et al22 compared
children without portoenterostomy versus 28 who had

ndergone portoenterostomy. There were no significant
ifferences either in terms of postoperative complica-
ions or in the 3-year survival rates. Only those who had
ndergone repeated attempts at portoenterostomy were
isadvantaged. In a later report from the same institution,
oss et al24 analysed the results of transplantation in 190

hildren, of whom 86% had had portoenterostomy. Pre-
ious portoenterostomy was not at all related to patient
urvival rate in a multivariate analysis of possible vari-
bles. Meister et al23 from San Francisco compared those
ho had undergone primary transplant, those with pre-
ious portoenterostomy, and those with a stoma and
ortoenterostomy. Only in the latter group was an in-
reased operating time and higher number of reopera-
ions noted. Finally, Sandler et al21 compared the results
f 57 infants who underwent transplantation for BA, of
hich 49 had had a previous Kasai operation. Those who

eceived primary transplante, as expected, tended to be
ounger and smaller. Nevertheless, there was no differ-
nce in terms of transfusion requirements, postoperative

omplications, graft survival, or patient survival, al- o
hough the operation time tended to be longer in the
asai group. Interestingly, postoperative bowel perfora-

ions were not seen at all in the primary group compared
ith 22% of those with a previous Kasai. There is some

vidence to suggest that there is a reduced incidence of
pisodes of cellular rejection after liver transplantation
uring infancy.25 However, surgical difficulties clearly
utweigh the potential immunologic benefits of early
ransplantation. Furthermore, delayed transplantation al-
ows the patient to complete a full course of immuniza-
ions and perhaps acquire immunity to some of the
ommunity infections.

Intuitively, we felt that if we could identify the infant
ith “cirrhosis” or the “correctable” types of BA at
resentation, then we could perhaps select those for
rimary transplantation. This proved difficult as judged
y our retrospective histologic and ultrasonographic re-
iews, which we judged to have the best chance of a
eproducible assessment. Unfortunately, histologic de-
ree of fibrosis was of no value, and more specific
riteria looking at bile duct damage, cholestasis, and
iant cells were not discriminatory at all. The use of
istologic criteria for the prediction of success or failure
n the Kasai procedure (irrespective of the age of the
atient) has been controversial. In our own retrospective
eviews3,29 of BA we have found that no histologic
riteria had any bearing on outcome either in terms of
learance of jaundice3 or the later development of portal
ypertension and varices.29 Similarly, the large 2-center
eries from Denver and New York failed to identify liver
istology as predictive in a multivariate risk factor anal-
sis.30 Nevertheless, smaller studies such as those by
asquez-Estevez et al28 and Azarow et al from Toronto31

ave suggested that features such as syncytial giant cell
ransformation and lobular inflammation were predictive
f poor outcome. The latter study quoted a sensitivity of
6% and specificity of 88% in 31 infants, irrespective of
ge at Kasai.

Ultrasonographic criteria suggestive of cirrhosis, al-
hough specific for a poor outcome, were far from sen-
itive. Similarly, in terms of identifying the “correctable”
ypes 1 and 2, ultrasound specificity also appeared poor.
owever, image resolution has improved considerably

ince the late 1980s, and it is possible that nowadays
reater accuracy in defining structural anomalies can be
chieved. We also looked at the value of trying to assess
he degree of “portal hypertension” or “liver fibrosis”
sing ultrasonography. Neither spleen size nor calcula-
ion of a resistance index seemed to have any predictive
alue or relationship with age (more than 100 days).
Direct evidence from the literature for stringent selec-

ive criteria in this age group is lacking. Chardot et al17

uggests assessment of nutritional parameters, presence

r absence of ascites, and biochemical variables to reflect
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580 DAVENPORT ET AL
ynthetic liver function but provides no evidence of their
alue. A single biochemical marker that enables accurate
iscrimination between infants with a good or bad prog-
osis has still to enter clinical practice. Most studies have
een compromised because of small numbers or inclu-
ion of postoperative values, although some may prove
seful. For instance, Dhawan et al32 recently reported our
xperience with serum hyaluronic acid (HA) in 84 in-
ants and showed that values of greater than 450 �g/L
ad a 74% positive predictive value (PPV) and 80%
egative predictive value (NPV) for failure. Further, if
he analysis was confined to those of 77 days or greater
n � 23) then the PPV increases to 85% and the NPV to
0% (ie, it seems to have more value in older age
roups).
Some surgeons have used laparoscopy as a diagnostic

lternative in BA,33 and this technique might also sepa-
ate those that have the appearance of true cirrhosis at
resentation without the need for laparotomy. Neverthe-
ess, most reports are of liver biopsy and cholangiogra-
hy alone rather than a true portal dissection necessary to
istinguish between a “correctable” type 2 and “uncor-
ectable” type 3 BA.

Does it matter if a Kasai operation is done in infants
ith advanced liver disease? As previous studies have

uggested, in terms of the later transplant operation, there

s no real difference in morbidity or mortality rates a
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