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Abstract

Aim of study The diagnosis of biliary atresia (BA) remains
challenging and delay can lead to significant morbidity with
time to surgery a key factor in determining outcome. Prema-
turity may impact on outcome potentially delaying diagno-
sis. We sought to assess whether the premature BA infants
(PBA) have a delayed time to surgery and as such, worse
outcomes?

Methods Review of a single-centre prospectively main-
tained database. Prematurity was defined as delivery <37/40
gestation. PBA was compared with date-matched term
biliary atresia controls on a 2:1 basis. Primary outcomes
were clearance of jaundice (<20 pmol/L) and native liver
survival. A retrospective assessment of liver fibrosis was
made on biopsies at diagnosis and at Kasai portoenterostomy
(KPE) in both premature and term cohorts. Data are quoted
as median (range) unless indicated. A P value of <0.05 was
considered statistically significant.

Results 21 (female n=14, 67%) premature infants with BA
were treated in the period Jan. 1988-Dec. 2016 and com-
pared with 41 contemporaneous term BA controls. Median
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gestation was 33 (29-36) weeks and birth weight 1930
(948—4230)g. Twin pregnancy (n=10) was the leading cause
for prematurity and significantly higher than the controls
(48 vs. 0%; P <0.0001). Maternal co-morbidity was high
(n=10, 48%) including pre-eclampsia (19%) and diabetes
(14%). Liver biopsy was performed in 19 (90%) patients
(all diagnostic) at a median of 57 (4-266) days. Delayed
diagnosis (> 50 days) was seen in n=13 but not associ-
ated with parenteral nutrition use (46 vs. 33%, P=0.59) or
phototherapy (50 vs. 83%, P=0.19). Both BASM (33 vs.
7.5%; P=0.01) and duodenal atresia (19 vs. 0%; P=0.01)
were seen more frequently in the PBA cohort. Mean fibro-
sis scores (Ishak) from diagnostic biopsies were lower in
the premature group than the control group (2.71 vs. 3.53,
P =0.043) indicating less fibrosis but this equalized by time
of subsequent KPE (P=0.17). Primary surgery was Kasai
portoenterostomy (n=20) at an older median age than con-
trols (65 vs. 56 days; P=0.06). Liver transplantation was
the primary procedure in one late-presenting child. There
was an increased but non-significant clearance of jaundice
in the PBA group [n=12/20 (60%) vs 20/41 (48%); P=0.23]
post-KPE. Native liver survival and true survival were not
different (P=0.58 and 0.23).

Conclusions PBA infants have similar outcomes to term
infants, despite delayed diagnosis and higher frequency of
the syndromic form. The high incidence of discordant twins
supports the theory that epigenetic modifications could con-
tribute to the pathogenesis of BA.

Level of evidence 1llc Retrospective Matched Cohort
Study.

Keywords Biliary atresia - Twins - Prematurity - Liver
fibrosis - Outcome
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Introduction

Biliary atresia is an obstructive cholangiopathy of essentially
unknown aetiology which, left untreated, is a potent cause
of liver fibrosis and ultimately secondary biliary cirrhosis
[1]. Possible causes include a developmental disorder of the
bile ducts either in isolation or in association with other
anomalies [2], bile duct ischaemia, or acquired bile duct
injury secondary to a viral-mediated or triggered immune
response [3, 4]. The onset of the injury may vary from early
in the first trimester during embryonic organogenesis (e.g.,
Biliary Atresia Splenic Malformation (BASM)) to perhaps
the perinatal period (e.g., CMV IgM+ve associated BA).
Much of the timing of the latter is, however, based on specu-
lation derived from various viral-induced animal models of
BA [5-8] rather than evidence in the human condition.

Typically, infants with BA are born at term gestation
with a normal birth weight; and interestingly this is true for
those with either isolated BA or those of embryonic origin
[9]. Recent evidence from incidental blood sampling on day
1 or day 2 of life also suggest that most if not all have a
demonstrable conjugated hyperbilirubinaemia which implies
that at the time of birth there is already established biliary
obstruction [10].

Makin et al. reported on three infants who underwent
laparotomy within the first week of life for intestinal atresia
who were noted to have a likely BASM malformation [11].
All three patients were observed to have macroscopically
normal livers, a finding which was further confirmed on his-
tology from intra-operative wedge resection. This is despite
not having any bile flow during their entire intrauterine life
because they had the syndromic form of BA.

The premature infant with BA (PBA) is rare, and this
remains a remote cause of conjugated jaundice in this
cohort. Nevertheless, it must occur, though for a multiplic-
ity of reasons the diagnosis may be delayed. The aim of this
study was twofold; to assess outcome in premature infants
with BA and secondly to explore the hypothesis that liver
fibrosis is indeed time dependent and begins perinatally irre-
spective of its putative cause.

Methods

Retrospective review of a prospectively maintained database
(1988 to 2016) at a single centre. Prematurity was defined
as <37/40 (259 post-conceptual days) gestation. To try
and negate the effect of changes in practice over time (e.g.,
obstetric and adjuvant use of steroids, different surgeons),
we used contemporaneous control term BA (CBA) infants
on a 2:1 basis. The primary measure of outcome was clear-
ance of jaundice (<20 pmol/L). The secondary outcomes
were native liver and overall survival. BASM syndrome was
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defined by the presence of typical anomalies including pol-
ysplenia/absent spleen, situs inversus, pre-duodenal portal
vein, cardiac anomalies and the absence of vena cava [2].

Liver biochemistry at the time of diagnostic liver biopsy,
referral or KPE was ascertained and an aspartate ami-
notransferase/platelet ratio (APRi) calculated as a surrogate
marker of liver fibrosis [12]. Percutaneous liver biopsy has
and continues to be the diagnostic investigation of choice in
our institution prior to KPE. Where diagnostic doubt existed
on table, a cholangiogram was used to confirm the diagnosis.
Formalin-fixed liver biopsy material in the form of an initial
needle liver biopsy and an intra-operative wedge specimen at
the time of Kasai portoenterostomy have been stored since
patient presentation. Hematoxylin and eosin, and Picrosirius
Red stained slides were reviewed blindly by a single histo-
pathologist with semi-quantification of liver fibrosis using a
previously validated scoring method; the Ishak score (grades
0-6) [13].

Formal institutional ethical approval was not sought
for this study as it was regarded primarily as an audit of
outcome.

Data are quoted as median (range) unless otherwise
specified. Fisher’s exact and Chi” test were used for cat-
egorical variables. Univariate analysis was undertaken using
unpaired T test or Mann—Whitney U test as appropriate.
Correlation was assessed using Spearman-rank correlation.
Native liver survival was illustrated by Kaplan—Meier sur-
vival curves and differences assessed using a log-rank test. A
P value <0.05 was considered to be statistically significant.

Results

692 infants were diagnosed with BA during the period
January 1988-December 2016, of which 21 (3%) were pre-
mature. Of these, 67% were female (n= 14) with a median
gestation of 33 (29-36) weeks and a birth weight of 1930
(948-4230) g. The baseline characteristics were compared
with 42 (2:1) contemporaneous controls (Table 1).

Demography

Median maternal age was 28.5 years (19-38) in the PBA
cohort; however, maternal co-morbidity appeared high
(n=10, 48%) including pregnancy-induced hypertension
(n=6, 29%) and insulin-dependent diabetes (n=3, 14%).
Conversely, there was only a single case of co-morbidity in
the CBA group [gestational diabetes, n=1 (2%)]. Abnor-
mal antenatal scans were seen in 38% (n=28) of the pre-
term group, although only one of these was consistent with
(cystic) biliary atresia.
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Table 1 Clinical characteristics of PBA and control patients

Characteristic Controls (n=42) Preterm (n=21) P value

Gender (% male) 38% 33% 0.78

Gestational age Term 33 (29-36)

Birth weight (kg) 3.1(2.04.4) 1.93 (0.95-4.23% 0.0001

Twin 0 10 (48%) 0.0001

Maternal co-mor- 1(2%) 10 (48%) 0.0001
bidity

BASM 3(7.5%) 7 (33%) 0.011

Type 3 BA 42 (100%) 20 (95%) 0.33

*Macrosomic infant secondary to IDDM

Twin pregnancy (n=10) was the leading and obvious
cause for prematurity in our cohort (48 vs. 0% P <0.0001).
Of the 671 term BA patients in the King’s series, there
were only 5 non-premature twins. Other causes of prema-
turity included spontaneous rupture of membranes (n =7,
33%), pre-eclampsia (n =4, 19%) and placental abruption
(n=1, 5%). Antenatal steroids were administered in 5
(24%) pre-term infants (Table 1).

The majority of BA was type III in both groups (95%
PBA vs. 100% control), with two infants having the cystic
type 3 variant in either group. One patient born at 30-week
gestation presented with a history of fluctuating jaundice
and pale stools and was shown to have type II BA at 156
days which appeared to be more consistent with “acquired”
BA [14]. Despite obvious cirrhosis, the child remains well
and jaundice free following KPE.

BASM was seen significantly more frequently in the
PBA cohort than in the CBA group (33 vs. 7.5%; P=0.01).
Interestingly, the premature singleton pregnancies were
more likely to have BASM than twins (55 vs. 10%;
P =0.04). Concomitant duodenal atresia (DA) was seen
in 4 PBA patients, which was significantly higher than
in controls (19 vs. 0%; P=0.01). Remarkably, of these 4
infants undergoing laparotomy for DA within the first few
days of life, all subsequently diagnosed with BASM, only
two underwent a liver biopsy at the initial laparotomy on
days 4 and 11, respectively. Referral and liver biopsy was
not performed until day 266 of life in one of these infants,

as her persistent cholestatic jaundice was erroneously felt
to be secondary to parenteral nutrition.

Timing of operation and liver fibrosis

Percutaneous liver biopsy was performed in 19 (90%) of
pre-term infants and 36 (88%) of controls and was highly
suggestive of a diagnosis of BA in all patients where per-
formed. Biopsies were performed later in PBA patients than
controls post-natal age 57 (4-266) days vs. 47 (24-129) days
(P=0.17) (Table 2). Overall, over two-thirds of the prema-
ture patients (n=13/19, 68%) had a delayed diagnosis, using
post-natal age > 50 days at biopsy as an arbitrary marker,
with a very delayed diagnosis (> 100 days) in 4 (19%).
This was compared with a diagnosis > 50 post-natal days in
only 47% (17/36) of the control group. Of the PBA patients
diagnosed > 50 post-natal days, there was a higher use of
parenteral nutrition compared to those diagnosed < 50 days,
although this was not statistically significant (50 vs. 29%;
P =0.3). Phototherapy use was not found to be associated
with a delayed diagnosis and was actually used more fre-
quently in those diagnosed earlier (85% <50 days vs. 45%,
P=0.15).

Despite later age at biopsy, mean Ishak fibrosis scores
from diagnostic biopsies were actually lower in the prema-
ture group than the control group (2.71 vs. 3.53, P=0.04)
indicating less fibrosis at diagnosis. However this difference
disappeared when fibrosis scores from the wedge biopsy at
time of KPE were used (4.1 vs. 4.4; P=0.17) (Fig. 1).

Figure 2a, b show the positive correlation between both
post-natal age (rg = 0.5; P=0.001) and post-conceptual
age (rg = 0.44; P=0.005) with liver fibrosis as assessed
semi-quantitatively by the Ishak score for both the diagnos-
tic and KPE biopsy in the premature group (n=33). Fig-
ure 3a, b show this relationship between both post-natal age
(r¢ = 0.32; P=0.004) and post-conceptual age (rg = 0.51;
P <0.0001) for the control biopsy group (n=66).

Kasai portoenterostomy (KPE) was the primary proce-
dure in 20 (95%) PBA infants with primary transplantation
in one infant who presented at 266 days of life (gestation
3041, corrected age 197 days). Interestingly, her Ishak
score was only 4 on wedge biopsy. All patients in the control

Table 2 Preoperative variables

Term Preterm P value
Age at diagnostic biopsy (days) 47 (24-129) 57 (4-266) 0.17
Mean Ishak score (at diagnosis) 3.53 (= 1.30) 2.71 (= 1.69) 0.05
APRI at KPE 0.76 0.56 0.07
Bilirubin at KPE 170 129 0.0068
Age at Kasai (days) 56 (27-141) 65 (16-323) 0.03
Corrected age at KPE (weeks) N/A 42 (364+5-70+2) N/A
Mean Ishak score at KPE 448 (+ 1.03) 4.13 (= 1.50) 0.33
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Fig. 1 Mean fibrosis scores (Ishak) from diagnostic biopsy and at
time of Kasai Portoenterostomy. Ishak scores are lower in the prema-
ture group than the control group (P = 0.04) at diagnosis but not at
time of KPE (P =0.17)

group underwent KPE. As with age at diagnosis, median age
at primary procedure was higher in the premature group (65
vs.56 days, P=0.03). Despite being later to biopsy and oper-
ation, however, the median bilirubin was lower in the prema-
ture group at the time of operation (129 vs. 170, P=0.007).
Similarly, median APRi at the time of KPE was lower in the
PBA cohort, but just failed to reach statistical significance
[0.56 (0.11-5.2) vs. 0.72 (0.18-6.8); P=0.07].

The deferral time (time from diagnosis with liver biopsy
to operation) was also longer in our PBA group compared to
controls (11 days vs. 7 days; P=0.008), the reason for which
is unclear. Of our five PBA patients operated at > 100 days,
two presented from home with jaundice on days 83 and 91,
two were reported to have ‘fluctuating jaundice’ with abnor-
mal but not definitive ultrasound scans and one was thought
to be secondary to PN (discussed earlier).

Outcomes

There was an increased but non-significant clearance of
jaundice post-KPE in pre-term BA infants compared to
controls [n=12 (60%) vs. n=20 (48%); P=0.23]. Ultimate
outcomes were death [n=0 (0%) vs. n=3 (7%)] and liver
transplant [n=12 (57%) + 1 primary transplant vs. n=20
(48%); P=0.58] in PBA vs. controls, respectively. Native
liver survival post-KPE to 5 years (Fig. 4a) was unchanged
between the two groups (56 vs. 49%; P=0.58). Actual

Fig. 2 Liver fibrosis scores Preterm Preterm
(Ishak) versus post-natal age' (a) A 54 - . . B 6 . o
and post-conceptual age (b) in
premature infants with biliary o 41 ° ss e 0o . . ° 54 we .
atresia. N=33 samples 5 5 44 oo & wes o e
é—; 34 [ . _ ﬁ
£, rs =0.50 = 3- ¢ o o re=0.44
s (P=0001) & 2 - (P =0.005)
14 e e o o . 14 somw » .
0- 0-
(; 5'0 1(')0 1;’;0 2(I)0 260 2;30 360 350 460
age (days) Post-Conceptual age(days)
Fig. 3 Liver fibrosis scores Controls Controls
(Ishak) versus post-natal age (a) A e- ce oo s . . B &- ceme o .
and post-conceptual age (b) in
term infants with biliary atresia o 7 sme o o 51 hadh i ad
(controls). N=66 samples § 44 ® emammn oo ¢ - . § 4 e o coamwe o .
»
»n
= % =030 < 8 ®* ‘=051
2 24 se o (P =0.004) G 27 * e+ * (P<0.0001)
14 e 14 o o o0
0- 04
0 25 50 75 100 125 150 25 300 350 400 450
Days Post-Conceptual age(days)
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Fig. 4 K-M survival curves in preterm biliary atresia and controls. a
is native liver survival with death or transplant as end-points and b is
actual survival

survival (Fig. 4b) at 5 years was again similar between the
two groups (100 vs. 92%; P=0.23). Median overall length
of follow-up was 6.6 (0.51-28) years.

Discussion

Biliary atresia is a rare disease with an incidence of 1 in
17,000 in the UK [10, 15]. The incidence of prematurity
(<37 weeks) is currently 7.1% of live births, which repre-
sents approximately 60,000 infants a year in the UK [16,
17]. The association of prematurity and biliary atresia is,
therefore, possible by chance but obviously infrequent.
There are three large-scale studies from Sweden [18], Tai-
wan [19] and, most recently, The Netherlands [20] in which
the incidence of BA was reportedly higher in the prema-
ture population than in term infants with an odds ratio of
2.9 and 1.65 in the first two studies, respectively. Despite
this reported increased incidence, outcomes and character-
istics have been rarely reported, consisting largely of case
reports (total reported=5) [21-23]. Features such as diag-
nostic delay, single cases of twins, maternal morbidity and
BASM have been mentioned as possible associations but not
substantiated. In 2013, Chen et al. published the only other

study reviewing outcomes of PBA infants in the literature
with 27 cases from a Taiwanese national series [19]. Our
cohort was characterized by an increased proportion of twin-
ning which had not been identified in this Taiwanese study.
They did identify a higher rate of other congenital malfor-
mations (18%); however BASM specifically was not found,
although this is known to be rare in Asian series.

The twin pregnancy rate of 48% in our premature group
is obviously striking. All of the PBA twins were discordant
for BA in our series. In 1991, we reported an incidence of
twins of 1.7% in an early series of 237 BA patients from
Kings College Hospital, said to be consistent with the
general population [24]. Our current series of almost 700
infants had 15 twins giving a rough incidence of about 2.1%.
Clearly, twinning is a risk factor for prematurity which might
simply explain the observation though there is a possibility
that the presence of a twin may in itself be a risk factor for
this disease. A recent review of the literature identified 30
discrete sets of twins with BA [21], with only two sets of
dizygotic twins demonstrating concordance for the disease
[25, 26]. Of the 7 reported monozygotic twins (MCDA) in
the literature, all were discordant for the disease. Certainly
within our series, the three MCDA twins were also discord-
ant for BA. This may imply that an epigenetic factor is at
play rather than being a purely genetic aetiology, possibly
deranging the developing bile ducts.

Our PBA patients were older at diagnosis and operation
compared to our controls. This was also found in the Tai-
wanese series; their KPE in the premature group occurred at
amean of 71 days, later than the term group by 19 days [19].
The prevalence of cholestatic jaundice in premature neonates
is high with an incidence of nearly 25% in one large study
[27]. Delayed initiation of enteral feeds, parenteral nutri-
tion and recurrent sepsis all contribute to neonatal jaundice,
with immaturity of bile acid metabolism and enterohepatic
re-circulation contributing to the cholestatic picture [28]. It
is likely that BA as a differential for persistent jaundice in
the premature is initially ignored due to these confounding
factors, which leads to a delayed diagnosis. The presence or
absence of phototherapy seemed unconnected; however, use
of parenteral nutrition was higher in those diagnosed > 50
days in our group, though not statistically so.

Interestingly, despite a relative delay to operation, our
PBA group had a lower degree of cholestatic jaundice com-
pared to term controls. Fibrosis at diagnosis was also lower
as assessed directly by biopsy and using a validated surro-
gate (APRi) at the time of surgery. Although developed as a
marker of fibrosis and hence prognosis following viral hepa-
titis [29], the Ishak score has since been adopted to quantify
fibrosis in other pathologies, including biliary atresia [30].
The mean Ishak score was lower in the PBA group at diag-
nosis but this is equivalent to controls by the time of surgery.
It seems unlikely but possible that the longer deferral time
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from diagnosis to surgery in the PBA group may account
for the correction of this effect. The longer time to surgery
in the PBA group is possibly accounted for by the higher
frequency of co-morbidities resulting in the need for more
thorough pre-operative preparation.

Against expectations, our outcomes were comparable, if
not better than our control group. This was despite a longer
time to KPE in the PBA cohort and a higher incidence of
BASM, both of which are known poor prognostic factors [2,
31]. In contrast, there was poor clearance of jaundice in the
Taiwanese study of only 37% (compared to 62% in their term
cohort) with correspondingly worse native liver survival (at
18 months 50 vs. 73%) [19]. Similarly, the outcome in the
Dutch series was poor with only 23% of their 28 infants
clearing their jaundice to normal levels. The reason for the
difference between our studies is unclear. Both series are
national series derived from many centres with presumably
variable experience whereas ours was from a single institu-
tion with an excellent published track record dating back to
the 1980s. There was more heterogeneity in our premature
patient group, as our reported BASM frequency was almost
double than that of the Taiwanese group. Our previous com-
parative study suggested that those infants with BASM fare
worse than that in ‘isolated BA’ groups [32]. One would,
therefore, expect our outcomes to be worse, which did not
seem to be the case. The Taiwanese group had a slightly
older mean gestation (34 + 3 weeks) and their infants also
took on average 7 days longer to KPE than our group. They
concluded that the immature liver may be more sensitive to
cholestatic injury. We did not find any real evidence of this
(see later) though the reasons are speculative.

The question at which time point does the fibrosis and
liver damage occur remains unanswered. It is difficult
to know which factor is more important for comparison
between the PBA and control groups; post-natal or post-
conceptual (corrected gestational) age at surgery. When
correcting for prematurity, the median age at operation
was actually at 23 days in the PBA cohort compared to 56
days in the CBA infants. Could this in some way explain
our non-statistically significant superior outcomes in the
PBA group? In 2007, we postulated that the underlying
cholestatic process and the initiation of liver fibrosis might
be asynchronous. Biopsies in three infants in the first week
of life showed very minimal fibrosis, suggesting the onset
of fibrosis was from the time of birth, even in those infants
who demonstrably have an abnormal obstructed biliary
tract from the first weeks of gestation [11]. This premature
BA group gave us the opportunity to explore this concept
further. We hypothesized that correcting for prematurity
would have no effect on the degree of fibrosis at surgery,
with post-natal age being the most important factor; how-
ever, that was not the case. There was indeed good cor-
relation of liver fibrosis scores (in both PBA and control
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groups) with both post-natal and with post-conceptual age,
though some of the infants (predominantly in the PBA
group) who were many weeks old had very little liver
fibrosis for their post-natal age. This was reflected in the
observation that both fibrosis and APRi scores were less
in the PBA cohort compared to their controls born around
term, implying some kind of “protection” of prematurity
perhaps. A possible explanation is that the lack of early
enteral feeding seen in some of our groups was in some
way contributory.

In conclusion, PBA infants appear to have similar if not
better outcomes compared to term infants in our cohort,
despite delayed diagnosis and higher frequency of the syn-
dromic form. The high incidence of discordant twins sup-
ports the theory that epigenetic modifications could contrib-
ute to the pathogenesis of BA, suggesting that further studies
are warranted in this rare association. Although cholestatic
jaundice is much more common in the premature population
as a whole, the same principles of initiation of appropriate
investigation should still apply, particularly if the associa-
tions we have highlighted (twins and BASM) are present.
Delayed diagnosis was commonly seen in this sub-set and
is avoidable as liver biopsy was discriminatory in all where
it was done.

Acknowledgements We thank all of our clinical colleagues who
were participated in the exceptional care and management of all these
infants, and specifically to Ms Erica Makin, Professors Nigel Heaton,
Anil Dhawan and Nedim Hadzic, and Drs Alastair Baker and Marianne
Samyn.

Compliance with ethical standards

Conflict of interest The authors disclose that there are no potential
conflicts of interest (financial or non-financial) in this study.

Ethical standards That the research was entirely retrospective and
was regarded as an audit by an institutional committee and, therefore,
did not require formal ethical approval.

Informed consent Similarly, as an audit of medical practice with
anonymised subjects, no form of informed consent was required.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

References

1. Hartley J, Davenport M, Kelly D (2009) Biliary atresia. Lancet
374(9702):1704-1713


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Pediatr Surg Int (2017) 33:1355-1361

1361

10.

11.

12.

13.

14.

15.

16.

Davenport M, Savage M, Mowat P, Howard ER (1993) Biliary
atresia splenic malformation syndrome: an etiologic and prog-
nostic subgroup. Surgery 113:662-668

Zani A, Quaglia A, Hadzic N, Zuckerman M, Davenport M (2015)
Cytomegalovirus-associated biliary atresia: an aetiological and
prognostic subgroup. J Pediatr Surg 50:1739-1745

Mack C (2007) The pathogenesis of biliary atresia: evidence for a
virus-induced autoimmune disease. Semin Liver Dis 27:233-242
Parashar K, Tarlow MJ, McCrae MA (1992) Experimental reo-
virus type 3-induced murine biliary tract disease. J Pediatr Surg
27:843-847

Riepenhoff-Talty M, Schaekel K, Clark HF et al (1993) Group
A rotaviruses produce extra- hepatic biliary obstruction in orally
inoculated newborn mice. Pediatr Res 33:394-399

Turowski C, Leonhardt J, Teichmann B et al (2010) Preconcep-
tional oral vaccination pre- vents experimental biliary atresia in
newborn mice. Eur J Pediatr Surg 20:158-163

Wang W, Zheng S, Shong Z et al (2011) Development of a Guinea
pig model of perinatal cytomegalovirus-induced hepatobiliary
injury. Fetal Pediatr Pathol 30:301-311

Livesey E, Borja MC, Sharif K et al (2009) Epidemiology of bil-
iary atresia in England and Wales (1999-2006). Arch Dis Child
94:451-455

Harpavat S, Finegold MJ, Karpen SJ (2011) Patients with biliary
atresia have elevated direct/conjugated bilirubin levels shortly
after birth. Pediatrics 128:1428-1433

Makin E, Quaglia A, Kvist N et al (2009) Congenital biliary atre-
sia: liver injury begins at birth. J Pediatr Surg 44:630-633
Grieve A, Makin E, Davenport M (2013) Aspartate Aminotrans-
ferase-to-Platelet ratio index (APRIi) in infants with biliary atresia:
prognostic value at presentation. J Pediatr Surg 48: 789 — 95
Westin J, Lagging LM, Wejstal R et al (1999) Interobserver study
of liver histopathology using the Ishak score in patients with
chronic hepatitis C virus infection. Liver 19:183-187
Davenport M, Saxena R, Howard ER (1996) Acquired biliary
atresia. J Pediatr Surg 31:1721-1723

McKiernan PJ, Baker AJ, Kelly DA (2000) The frequency
and outcome of biliary atresia in the UK and Ireland. Lancet
355(9197):25-29

Blencowe H, Cousens S, Oestergaard M et al (2012) National,
regional and worldwide estimates of preterm birth. The Lancet
379(9832):2162-2172

. Office for National Statistics. Gestation-specific infant mortality

in England and Wales, 2011. Published 10th October 2013

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Fischler B, Haglund B, Hjern A (2002) A population-based study
on the incidence and possible pre- and perinatal etiologic risk
factors of biliary atresia. J Pediatr 141: 217 — 22

Chiu CY, Chen PH, Chan CF et al (2013) Biliary atresia in preterm
infants in Taiwan: a nationwide survey. J Pediatr 163:100-103
Van Wessel DBE, Boere T, Hulzebos CV et al. (2017) Preterm
infants with biliary atresia, a nationwide cohort analysis from
the Netherlands. J Pediatr Gastroenterol Nutr. doi:10.1097/
MPG.0000000000001692. (Epub ahead of print)

Mourier O, Franchi-Abella S, Ackermann O et al. (2011) Delayed
postnatal presentation of biliary atresia in 2 premature neonates.
J Pediatr Gastroenterol Nutr 52: 489 — 91

Fallon SC, Chang S, Finegold MJ et al (2013) Discordant presen-
tation of biliary atresia in premature monozygotic twins. J Pediatr
Gastoenterol Nutr 57:22-23

Chen HW, Hsu WM, Chang MH et al (2007) Embryonic biliary
atresia in a very-low-birth weight premature infant. J Formos Med
Assoc 106:78-81

Silveria TR, Salzano FM, Howard ER, Mowat AP (1991) Extra-
hepatic biliary atresia and twinning. Brazil ] Med Biolog Res
24:67-71

Strickland AD, Shannon K, Coln CD (1985) Biliary atresia in two
sets of twins. J Pediatr 107:418-420

Smith BM, Laberge JM, Schreiber R et al (1991) Familial bil-
iary atresia in three siblings including twins. J Pediatr Surg
26:1331-1333

Hsieh MH, Pai W, Tseng HI et al (2009) Parenteral nutrition-asso-
ciated cholestasis in premature babies: risk factors and predictors.
Pediatr Neonatol 50:202-207

Satrom K, Gourley G (2016) Cholestasis in preterm Infants. Clin
Perinatol 43:355-373

Everhart J, Wright E, Goodman Z (2010) Prognostic value of
Ishak Fibrosis stage: findings from the HALT-C Trial. Hepatology
51:585-594

Pape L, Olsson K, Petersen C et al. (2009) Prognostic value of
computerized quantification of liver fibrosis in children with bil-
iary atresia. Liver Transpl 15:876-882

Nio M, Wada M, Sasaki H, Tanaka H (2015) Effects of age at
Kasai portoenterostomy on the surgical outcome: a review of the
literature. Surg Today 45:813-818

Davenport M, Tizzard SA, Underhill J et al (2006) The biliary
atresia splenic malformation syndrome: a 28-year single-centre
retrospective study. J Pediatr 149:393-400

@ Springer


http://dx.doi.org/10.1097/MPG.0000000000001692
http://dx.doi.org/10.1097/MPG.0000000000001692

	Prematurity and biliary atresia: a 30-year observational study
	Abstract 
	Aim of study 
	Methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Methods
	Results
	Demography
	Timing of operation and liver fibrosis
	Outcomes

	Discussion
	Acknowledgements 
	References


