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Begun as a desperate attempt to treat refractory ascending cholangitis in infants with biliary
atresia (BA) following hepatic portoenterostomy (HPE),1 corticosteroids (steroids) have
evolved into a commonly used post-HPE therapy believed to improve clinical outcomes in
BA. The original basis for steroid use was its choleretic2 and anti-inflammatory effects,
which were proposed to reduce bacterial colonization of the biliary tree by increasing bile
flow and reducing periductal inflammation and edema.1 Indeed, short courses of large
boluses of intravenous steroids appeared to reduce serum bilirubin, increase bilirubin
excretion in the HPE rouxen-Y effluent, resolve fever, and allow resolution of cholangitis
during a subsequent course of antibiotics. Over the past 2 decades, this initial observation
has evolved into the commonly held belief that a more prolonged course of steroids used
routinely following HPE will improve survival of the infant with his or her own liver and
delay or prevent the need for liver transplantation. How did acceptance of this treatment
paradigm occur? What is the evidence for its effectiveness and safety? Is there a scientific
justification for its proposed beneficial effects? A brief review of the emerging themes of the
pathophysiology of BA will be necessary to fully understand this evolution in treatment
strategy.

BA is the progressive inflammatory obstruction and fibro-obliteration of all or part of the
extrahepatic biliary tree and the intrahepatic bile ducts and has its onset exclusively within
the first several months of life.3 Surgical HPE re-establishes bile drainage from the liver in
up to 60%-80% of patients over the short term, with best results if performed in the first
30-60 days of life.3 Without HPE, the disease is uniformly fatal by 2 years of age. Even
following HPE, survival without liver transplantation is only about 30% at age 10 years and
20% at 20 years in the best centers.3 Thus, there is a critical need for designing and testing
new therapies. The currently held view is that BA is not a single disease but rather a clinical
phenotype resulting from a number of distinct, yet unproven, etiologies.4 Approximately
20% of patients are classified as having the embryonic form, with evidence of other
congenital anomalies (for example, polysplenia and asplenia) that are determined at the
same embryologic stage as bile duct development. In these infants, presumably there was
defective morphogenesis of the extrahepatic biliary tree caused by genetic or epigenetic
factors or by an early intrauterine insult (for example, vascular or viral). The remainder of
patients have the so-called perinatal or acquired form, in which a perinatal insult (for
example, viral infection) has been proposed to trigger bile duct injury and cholangiocyte
apoptosis, periductal inflammation, and subsequent obstruction and fibrosis of some portion
of the extrahepatic bile duct (Fig. 1).5 In the liver and bile ducts of infants with BA, a T
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helper 1 T-cell response is the predominant inflammatory mechanism,5 with interferon-γ and
tumor necrosis factor-α playing critical roles. There is evidence supporting both CD-4 and
CD-8 T-cell–mediated bile duct injury.6 A similar T helper 1 response is replicated in the
most promising animal model of BA, the rhesus rotavirus–infected newborn mouse
model.7-9 The innate immune response is also activated in the human BA liver, as
demonstrated by the later appearance of cells of the CD68+ macrophage/monocyte family in
portal tracts and evidence of chemokine and cytokine release by these and related cells.7

Abnormal expression of cellular adhesion molecules (intercellular cell adhesion molecule,
CD54, vascular cell adhesion molecule, CD62E) on biliary epithelium and vascular
endothelium and elevated circulating levels of soluble adhesion molecules have also been
observed.10 Furthermore, a variety of other cytokines, chemokines, and growth factors are
released that stimulate downstream amplification of the inflammatory cascade and induction
of fibrogenesis (Fig. 1). Recent data from the King's College group10 suggest that circulating
inflammatory biomarkers (such as soluble intercellular cell adhesion molecule) may also be
predictive of clinical response to HPE (need for liver transplant at 1 year of age). Thus, there
appears to be a scientific justification for pursuing novel therapies for BA that would target
critical inflammatory pathways.

The potential beneficial effects of steroid therapy following HPE in BA may be related to
the drug's induction of Na+K+ATPase, which increases canalicular electrolyte transport and
stimulates bile salt–independent bile flow.2 More recently, corticosteroids have been shown
to increase the sodium hydrogen exchanger (NHE) isoform of the Na+/H+ exchanger and the
CL−/HCO3− exchanger, producing a more bicarbonate-enriched bile.11 Moreover, there are
a variety of well-described anti-inflammatory and immunomodulatory properties of
corticosteroids (Fig. 1) that could potentially inhibit migration of lymphocytes and
macrophages into injured bile ducts, increase transcription of genes coding for anti-
inflammatory proteins, and promote a more anti-inflammatory T helper 2 immune
response.12 Hsieh et al.13 reported that steroids down-regulated chemokine expression
(interleukin-8 and monocyte chemotactic protein-1) in a rat model of bacterial cholangitis,
and this might explain the observation of Karrer and Lilly1 of the utility of steroids in
treating cholangitis. Since the fibrosis of the bile duct remnant and of intrahepatic ducts in
BA is associated with a robust inflammatory response, it is proposed that by suppressing the
immune response, steroids would consequently reduce fibrosis and obstruction of small
intrahepatic bile ducts that are anastomosed to the roux-en-Y jejunal loop, thus preserving
bile flow. Thus, there is a reasonable scientific justification for the potential benefits of
steroid therapy in BA.

The clinical use of steroids in BA has exploded in recent years following the publication of a
series of reports14-20 attesting to better outcomes with routine post-HPE steroid therapy
compared to a variety of historical or concurrent control groups. Each report used a different
maximum dose of steroids (1-10 mg/kg/day), had its own unique dose tapering schedule,
and was of variable treatment duration (generally 1-3 months). It should be noted that none
of these reports were of a prospective, randomized, placebo-controlled design; that there
were other variables (for example, use of intravenous antibiotics, bile acid therapy, and
surgery performed by different surgeons with varied experience) that could also account for
differences in outcome in the steroid group; and that virtually all publications concluded
with a plea for a prospective, controlled randomized trial to determine if steroids were truly
effective. The extent of use of steroid therapy in BA was quantified in 2002-2003 by a
nationwide survey in Japan.21 Among 54 institutions responding to the survey, only 2 did
not use steroids, it was used routinely for every patient in 43 and used selectively at 9
centers. From 1997 to 2000, 208 patients with type III BA received steroids, and only 14 did
not. Similar data are not available in the United States; however, the impression is that the
majority of pediatric surgeons feel compelled to treat BA with steroids.
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The determination of whether steroid therapy should be used in BA should take into account
not only its potential efficacy but also adverse effects of the drug in order to make a
reasonable risk-benefit determination. Unfortunately, the safety of steroid treatment in
infants with BA has not previously been prospectively assessed. In fact, few if any adverse
events have been reported in the many published reports, and this is not unexpected given
the retrospective nature of the data collection. In the Japanese national survey,21 five
complications were reported, including wound dehiscence, gastrointestinal hemorrhage and
perforation, anastomotic failure, and candida infection. However, this report also lacked an
adequate control group, so causation cannot be accurately assessed. Is there reason to be
concerned about potential side effects in this age group? It is now apparent that a variety of
adult diseases are determined by prenatal and postnatal events that heretofore were not
considered linked (for example, intrauterine growth retardation and adult hypertension).22

Could early steroid therapy imprint an infant's immune system to behave differently later in
life? We do not know. Is there risk for cataracts or impaired response to childhood
immunizations given around the time of the steroid therapy? Moreover, several adverse
effects of high-dose dexamethasone in extremely low-birth-weight preterm infants have now
been identified by careful prospective study (for example, spontaneous gastrointestinal
perforations, smaller head circumference, and delayed cognitive development).23,24 It is not
believed that similar effects would occur in the older infant with BA treated with a different
form of steroids; however, only through prospective study will the safety of steroid therapy
be established.

Given this background, the prospective, placebo-controlled randomized trial by Davenport
et al.25 published in this issue of HEPATOLOGY is a welcome addition to the medical literature.
Seventy-three post-HPE BA patients were randomly assigned to oral prednisolone (n = 36)
or placebo (n = 37) for a 21-day course (2 mg/kg/day days 7-21 post-HPE and 1 mg/kg/day
days 22-28) and followed prospectively for up to 7 years. Other therapies were standardized,
and surgery was performed by only two surgeons. The groups were well matched at
baseline. Clearance of jaundice at 6 and 12 months (48% and 44%) and need for liver
transplantation at 12 months (35% placebo and 26% steroids) did not differ between the two
groups. There was a trend to a lower mean serum bilirubin in the steroid group at 1 month in
those who had not been transplanted; however, no other laboratory tests differed through the
12-month study. Kaplan-Meier curves of survival without liver transplant carried out to 7
years were identical between the two groups. Among those infants < 70 days at HPE who
might be expected to have the best response to steroids, median bilirubin 1 month after HPE
was significantly lower in the steroid group, although this difference disappeared by 6
months, and survival without liver transplantation was similar in both groups. There were no
adverse effects that were attributable to steroids, although a listing of adverse events in both
groups was not provided. The authors correctly conclude that the steroids were of no benefit
in their trial.

How do we put this study in the context of the other retrospective reports of benefit? Does
this report provide conclusive evidence that steroids are of no benefit in BA? Davenport et
al.25 powered their study to detect a 30% improvement in outcome. Since this group has
previously reported achieving survival with native liver at 1 year exceeding 60% without the
use of steroids, is it reasonable to believe that 90% survival could have been achieved with
the addition of steroid therapy? A more reasonable target for improvement in survival might
have been in the range of 10%-20%, providing for survival with native liver of 70%-80%.
As noted by the authors, this would have required a much larger number of study
participants and would have required a multicentered study design. Another key point to
note is that the authors used an admittedly modest dose of prednisolone for only 3 weeks'
duration. In most published retrospective reports, the dosing and duration of steroids were
almost double that used in this trial. Perhaps a higher dose, initially given intravenously and
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for a more sustained period of time, would have produced better results. Thus, further study
of this potentially important treatment for this devastating disease is certainly needed.

In this regard, a randomized, placebo-controlled, double-blinded multicentered clinical trial
of high-dose steroids following HPE is currently being conducted by the Biliary Atresia
Research Consortium (BARC) in the United States (funded by the National Institute of
Diabetes and Digestive and Kidney Diseases with support from the Office of Rare Diseases)
and is actively recruiting study participants. The BARC study will not only assess a number
of clinical and nutritional outcome measures but is also carefully assessing the safety of
steroid therapy. The study is powered to detect a more modest improvement in outcome than
that of Davenport et al.25 and uses a higher dose and longer duration of steroid therapy.
Details about enrollment criteria and clinical site information can be found at
ClinicalTrials.gov (http://clinicaltrials.gov/ct/show/NCT00294684?order=3) and the BARC
Web site (http://www.barcnetwork.org/).

Improving clinical outcomes in BA is a challenge for pediatric hepatologists and surgeons.
However, therapy should be guided by evidence and not by anecdotes. It is hoped that the
BARC steroid trial and similar multicentered studies will provide the needed data to
determine if this commonly used therapy is of benefit and not harm to infants affected by
BA.
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Abbreviations

BA biliary atresia

BARC Biliary Atresia Research Consortium

HPE hepatic portoenterostomy

ICAM intercellular cell adhesion molecule

IFNγ interferon-γ

IL-2 interleukin-2
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MCP-1 monocyte chemotactic protein-1

MMP2 matrix metalloproteinase-2

NO nitric oxide

ROS reactive oxygen species

TGFβ1 transforming growth factor-β1

Th1 T helper 1

TNFα tumor necrosis factor-α

VCAM vascular cell adhesion molecule
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Fig. 1.
Proposed model of pathogenesis of perinatal (acquired) biliary atresia, incorporating
elements from human and murine model investigations, and candidate sites for action of
corticosteroids. A perinatal initiating event (for example, viral or other insult) triggers
cholangiocyte apoptosis and aberrant major histocompatibility complex class II expression
in extrahepatic and intrahepatic bile ducts in an immunologically susceptible host. Viral and/
or native or altered bile duct antigens are phagocytosed by macrophages or dendritic cells
and presented to naïve T cells in local lymph nodes in which virus/bile duct-specific CD4+ T
cells are activated and proliferate, stimulated by IL-2 (right side of the figure). These
activated CD4+ T cells (which may be autoreactive) home back to the original site of antigen
exposure and elicit T-cell effector functions, including IFNγ-induced macrophage
stimulation and activation of cytotoxic CD8+ T cells. Release of TNFα, NO, and ROS by
macrophages and release of granzyme, perforin, and IFNγ by CD8+ T cells produce further
cholangiocyte injury through apoptotic or necrotic pathways. Simultaneously,
cholangiocytes and vascular endothelial cells up-regulate expression of adhesion molecules
and secrete chemokines to recruit neutrophils and macrophages to the site of bile duct injury
(left side of the figure). Through release of soluble mediators, these cells then recruit and
activate hepatic stellate cells (myofibroblasts) and fibroblasts, which initiate extracellular
matrix deposition and fibrosis of injured bile ducts. The resulting inflammation,
cholangiocyte injury, and fibrosis lead to complete bile duct obstruction and the phenotype
of biliary atresia. Pathways that corticosteroids can potentially block are noted by double red
lines; those stimulated by corticosteroids are noted by red plus signs. Soluble inflammatory
mediators in these pathways are shown in blue. CCN2 indicates connective tissue growth
factor; CXCL, chemokine of CXC family, subtype L; CCL, chemokine of CC family,
subtype L; ICAM, intercellular cell adhesion molecule; IFNγ, interferon-γ; IL-12,
interleukin-12; MCP-1, monocyte chemotactic protein-1; MMP2, matrix
metalloproteinase-2; NO, nitric oxide; OPN, osteopontin; PDGF, platelet-derived growth
factor; ROS, reactive oxygen species; TGFβ1, transforming growth factor-β1; Th1, T helper
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1; TIMP, tissue inhibitor of metalloproteinase; TNFα, tumor necrosis factor-α; and VCAM,
vascular cell adhesion molecule.
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