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ARTICLE INFO ABSTRACT

Keywords: ) Much about the aetiology, pathophysiology, natural course and optimal treatment of choledochal malfor-

EL“’:EdOF}}aI malformation mation remains under debate. Surgeons continuously strive to optimize their roles in the management of
olangitis

choledochal malformation. Nowadays the standard treatment is complete cyst excision followed by Roux-
en-Y hepaticojejunostomy, be it via a laparotomy, laparoscopy or robot-assisted procedure. Whatever sur-
gical endeavor is undertaken, it will be a major operation, with significant morbidity. It is important to
realize that especially in asymptomatic cases, this is considered prophylactic surgery, aimed at prevent-
ing symptoms but even more important the development of malignancy later in life. A clear overview
of long-term outcomes is therefore necessary. This paper aims to review the long-term outcomes after
surgery for choledochal malformation. We will focus on biliary complications such as cholangitis, the de-
velopment of malignancy and quality of life. We will try and identify factors related to a worse outcome.
Finally, we make a plea for a large scale study into quality and course of life after resection of a chole-
dochal malformation, to help patients, parents and their treating physicians to come to a well-balanced

Cholangiocarcinoma
Quality of life
Follow-up

Review

decision regarding the treatment of a choledochal malformation.

© 2020 The Authors. Published by Elsevier Inc.

This is an open access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)

Introduction

Choledochal malformations (CM) are rare congenital diseases of
the biliary tree. While the incidence in the Western part of the
world hardly exceeds 1:40.000', the incidence in the Far East can
reach 1:5000.2 Females are most often affected. Nowadays, some
25% of cases are detected antenatally.> They can be classified ac-
cording to Todani as seen in Fig. 1, with types I and IV being most
prevalent.* Type V, or Caroli’s disease, is considered a separate en-
tity and will therefore not be discussed in the present paper.

Most patients present with symptoms within the first decade of
life. The classical clinical triad consists of jaundice, fever and a pal-
pable mass in the right upper quadrant.” However, this occurs in
less than one-fifth of cases.® Younger children tend to present with
jaundice and acholic stools (beware biliary atresia), while older in-
fants can present with jaundice and a palpable mass.” In older
children (over 6 years of age) recurrent abdominal pain and fever
often are the presenting symptoms.” The most feared long-term

* On behalf of the Center of Expertise for Choledochal Malformation, University
Medical Center Groningen, Hanzeplein 1, 9700RB Groningen, The Netherlands.
* Corresponding author.
E-mail address: r.de.kleine@umcg.nl (R.H. de Kleine).

https://doi.org/10.1016/j.sempedsurg.2020.150942

complication is the development of an epithelial malignancy of the
affected bile duct or gallbladder. This cholangiocarcinoma is the
presenting diagnosis in ~3% adult cases in whom the CM has been
asymptomatic until that point, while malignancy is present in a to-
tal of eleven percent of patients in whom a CM is resected later in
life.® Remarkably, this rate of malignancy is similar between East-
ern and Western countries.

Symptomatic CM requires rapid surgical intervention as soon as
the infant’s clinical condition permits. However, the majority of in-
fants in whom CM is detected antenatally will be asymptomatic
at birth, and many will remain asymptomatic.® Surgery for asymp-
tomatic CM can therefore be considered as prophylactic surgery, in
an attempt to prevent the development of symptoms as well as
the development of malignancy. Aims of the operation are to ex-
cise all affected biliary tissue, to clean the remaining intrahepatic
bile ducts of debris and to restore biliary-enteric continuity via a
Roux Y hepaticojejunostomy (HJ), or even hepaticoduodenostomy
(HD, see below). This reconstruction removes the stasis of bile and
the reflux of pancreatic enzymes, which is considered essential in
the prevention of carcinoma development. This procedure can be
performed via a laparotomy, but laparoscopic and robot-assisted
procedures are gaining popularity, especially in high-volume ex-
pert centers.

1055-8586/© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)
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Fig. 1.. Todani classification of choledochal malformations.*-®

While a safe procedure in experienced hands, with mortality
rates approaching zero, the operation still carries significant mor-
bidity, both on the short- and the long-term. Risks and benefits of
such a major procedure have therefore to be weighted carefully.
This paper aims to review the long-term morbidity after surgery
for choledochal malformation. We will focus on long-term hepa-
tobiliary morbidity and the development of malignancy, and sec-
ondly on long-term quality of life. We will make a plea for a large
scale study into quality and course of life after resection of a chole-
dochal malformation, to help patients, parents and their treating
physicians to come to a well-balanced decision regarding the treat-
ment of choledochal malformation.

Cholangitis/pancreatitis

While cholangitis is less common after resection for CM than
after biliary atresia, probably due to the greater bile flow in
the former, it still forms an important complication. Recently, a
large series from the Nordic countries demonstrated cholangi-
tis/pancreatitis to occur in >20% of patients with a follow-up time
over 5 years, again underscoring the need for careful follow-up
of these patients.!” The occurrence of cholangitis/pancreatitis was
independent of short-term complications, but strongly associated
with elevated ALT and bilirubin levels during follow-up. Age at
surgery was not related to the occurrence of symptoms.

A survey from the Netherlands demonstrated a cholangitis in-
cidence of 13% after a median follow-up of 13 years, with 65% of
cases occurring within 2 years after surgery.! Conform the Nordic
series, the occurrence of a short-term complication was not asso-
ciated with long-term complications. However, unlike the Nordic
series, younger age at surgery was related to the occurrence of
long-term complications (OR 9.3, range 2.7-33). The laparoscopic

approach was also related to the occurrence of long term compli-
cations (OR 4.4, range 1.2-16.2)." We will come to this issue later.

When cholangitis is demonstrated, anastomotic stricture of the
HJ should be looked for. Non-invasive imaging should be ul-
trasound in experienced hand followed by Magnetic Resonance
Cholangio-Pancreaticography (MRCP) to ascertain the extent of the
stenosis, cast formation, complete or partial occlusion of the intra-
hepatic bile ducts. The therapeutic regimen consists of balloon en-
doscopy (with limited work-space) to clean and inspect the HJ, per-
cutaneous transhepatic cholangiography with drain placement and
step-wise dilatation and finally surgical reintervention. When di-
latation of the anastomosis is impossible, a new wide anastomosis
should be created surgically to prevent recurrent cholangitis and
subsequent liver fibrosis.

Pancreatitis before resection of the CM is most often due to the
development of bile or protein plugs in the common channel. ERCP
with removal of the plugs and sphincterotomy should be under-
taken when a surgical approach is not warranted at time of pre-
sentation. Postoperative pancreatitis is extremely rare and evalu-
ation should focus on malignancy, injury of the pancreatic main
duct or incomplete excision of the cyst, leading to a protein plug
re-formation in the distal remnant.!!

Stone formation and intrahepatic dilatation

Hepatolithiasis after resection for CM is mainly related to di-
latation of the intrahepatic bile ducts. These dilatations can be
pre-existent, with or without stenosis (Type IV Todani), but also
develop after surgery due to anastomotic strictures. Koshinaga
et al. suggested that intrahepatic cylindrical-type biliary dilatations
might disappear after total cyst excision, while cystic biliary dilata-
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tions tend to persist postoperatively and are frequently accompa-
nied by ductal stenosis, which remains in the same portion of the
biliary ducts.’? Alternating dilatation and stenosis can therefore
be observed as common morphological feature of cholangiograms
in patients who develop postoperative cholangitis and stone
formation.

The London group performed a study in children with type IV
CM, measuring both choledochal pressure and biliary amylase con-
tent.”® In their series the median intraoperative choledochal pres-
sure was 17 (8-27) mm Hg (normal, <5 mm Hg), and intraop-
erative bile amylase was 3647 (range, 500-58,000) IU/L (normal,
<100 IU/L). The preoperative diameter of the intrahepatic ducts
correlated with choledochal pressure but not with biliary amylase.
Most strikingly, at 1 year post surgery, the median intrahepatic
duct (IHD) diameter had decreased to normal values in all cases.
This remained stable for up to a 10-year follow-up. This suggests
that IHD dilatation in type IV might be more related to sustained
increased intrabiliary pressure rather than a pre-existing dilata-
tion. Effective surgery invariably reduces IHD toward normal val-
ues. Similar findings were reported in a Finnish series, in which all
intrahepatic dilatations in Type IV malformations had disappeared
after six months.'*

The above also emphasizes the need for a thorough debride-
ment of the intra-hepatic bile ducts, and a meticulous wide hilar
anastomosis. Care should also be taken to connect - when techni-
cally possible - also possible aberrant bile ducts into the Roux Y
limb to avoid stasis.

Cirrhosis

The reported incidence of liver fibrosis and/or cirrhosis asso-
ciated with CM ranges from virtually non-existing to over 50%.
Especially in the youngest infants, biliary obstruction can lead to
cholestatic jaundice with subsequent liver failure and the distinc-
tion between CM and biliary atresia should be made with great
caution. This formation of cirrhosis has been described in children
with CM before the age of 6 months. Several authors have de-
scribed the presence of fibrosis and even cirrhosis in pre-operative
biopsies. For instance, Fumino described 15 cases in which preop-
erative liver biopsies were available.!> In 8 patients fibrosis was
present, in 3 of those advanced fibrosis or cirrhosis.'” These patho-
logical changes seemed to be related to the development of symp-
toms, early age/antenatal detection, Type IV malformations and the
presence of a pancreatico-biliary maljunction.’>-1”

In our center liver biopsy is rarely performed, and certainly not
routinely during follow-up. However, we are not aware of any case
of progressive fibrosis when adequate bile flow has been estab-
lished and in the absence of recurrent cholangitis. In the Nordic
series, after a median follow-up of eight years, elevated ALT oc-
curred in 5% of cases, with elevated bilirubin present in 7%.1° In
their series, biopsies were also not performed. This suggests that
the presence of liver fibrosis or even cirrhosis might be clinically
of little importance unless present prior to surgery. However, there
is little solid data to confirm this statement.

There are case-reports describing histopathologic improvement
in biliary cirrhosis after surgery for CM (in the presence of jaun-
dice).’® However, while several histological changes (e.g. inflamma-
tion and bile duct proliferation) can demonstrate resolution post-
operatively, advanced fibrosis (F3, F4) generally does not resolve.!6
In the absence of obstruction, in the presence of F4 liver fibrosis,
including liver failure, liver transplantation should be considered
as a valid salvage procedure.

Given the discrepancies mentioned above, further studies are
needed to investigate the correlation between liver fibrosis and
clinical outcomes, as this might ultimately influence the timing of

surgery in asymptomatic neonates, especially those with type IV
cysts.

Type of surgery

While resection for CM was usually performed via a laparo-
tomy, recently laparoscopic and robot-assisted procedures have
gained popularity. Especially in high volume (eastern) centers la-
paroscopic resection has become the standard of care, and can
even be performed via a single port.'?-2! However, this is a techni-
cally demanding procedure, with a learning curve of over 30 proce-
dures.?? For most western centers, even in more centralized coun-
tries like the Netherlands, this would imply a learning curve span-
ning over five years. While short-term benefits seem to be present
(shorter hospital stay, less complications, perhaps even shorter op-
erating time in experienced hands), long-term results have yet to
be awaited.?23

In a study from The Netherlands, laparoscopic resection of CM
was clearly related to a worse long-term outcome.! It has to be
mentioned that these procedures were all performed by acclaimed
laparoscopists, however with little experience to surgery for CM
given the rarity of the disease. The odds ratio for a long-term com-
plication after laparoscopic resection was 4.2 (1.2-15.5). Compli-
cations occurred in 5/12 (42%) after laparoscopic resection, versus
in 11/78 (14%) after open resection (p<0.01) These complications
consisted mainly of stenosis of the HJ (17%). Laparoscopy was also
associated with an increased percentage of patients in whom a
radiological or surgical reintervention was warranted (25% vs 6%,
p = 0.07) Due to the rarity of the disease, these disappointing re-
sults after laparoscopy have been attributed to the relatively long
learning curve. In the Netherlands, this has led to the replacement
of laparoscopic resection by a robotic assisted approach, in search
of improvement of outcome.

Recently robotic assisted procedures have been developed
which are used also in the West. Robotic surgery, with the mag-
nification of the surgical view, the improved ergonomic surgical
posture and the articulating instruments with movement scaling
could be able to improve the long-term results of surgery by over-
coming several of the technical issues associated with laparoscopic
resection. In 2014 Alizai described an 81% success rate of robot-
assisted resection.2* Operation times are significantly longer in the
beginning, but tend to decrease after some 10 cases2> Time to full
enteral feeding is comparable, as is hospital stay. Importantly, a
study in adults demonstrated significantly less bile leaks in the
robotic group, confirming the perception that besides having er-
gonomic advantages for the surgeon, the robot, with its magnifi-
cation of the surgical view and articulating instruments, is espe-
cially beneficial for the meticulous completion of the hepaticoje-
junostomy.?6 Whether this indeed will lead to a decrease in long-
term complications such as anastomotic stenosis remains to be
seen.

A minority of surgeons prefer HD over HJ. Apart from the tech-
nical ease of a single anastomosis, the operation has been consid-
ered have several other advantages such as being more physiologic
and allows postoperative endoscopic access to the anastomosis if
a stricture or stone occurs. In experienced hands short-term out-
comes are good, with a low complication rate.?’+?¢ Operative time
might also be shorter than with a hepaticojejunostomy. However,
most surgeons prefer Roux-en-Y hepaticojejunostomy because the
high incidence of bilious gastritis secondary to duodenogastric re-
flux after hepaticoduodenostomy. Via the hepaticoduodenostomy
duodenal contents, including pancreatic enzymes might also reflux
into the intrahepatic bile ducts. This might lead to persistent in-
jury of the cholangiocytes, causing bile duct carcinoma. In a re-
cent meta-analysis, Narayanan confirmed this higher incidence of
reflux/gastritis after HD, which was absent after HJ. (27) In the
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Fig. 2. Median age of patients with choledochal malformation at presentation of
malignancy in each study. The size of each blue circle indicates the study sample
size, and that of each red circle the incidence of malignancy, relative to that in the
other studies.®

opinion of the authors, HD should therefore be reserved for patient
with insufficient lesser intestines for a save entero-enterostomy, at
least until long term results become available.

Development of malignancy

Development of malignancy is probably the most feared long-
term complication of CM. Probably following a hyperplasia -
dysplasia - neoplasia sequence, the toxic mixture of refluxing pan-
creatic and bile secretions in combination with increased pressure
in a congenital malformed duct can lead to persistent inflamma-
tion and subsequent (pre-)malignant transformation.2?-3% Exactly
how this process is driven is as yet unknown but resection of the
CM does have a protective yield by separating pancreatic and bile
flow, making surgery the cornerstone in treatment. It is impor-
tant to realize that the youngest patient known with a CM asso-
ciated malignancy was a 3-year-old boy, who presented with an
invasive cholangiocarcinoma in a type 1 CM proving enhanced car-
cinogenic pathways.?! In contrast, in a national Dutch cohort in-
cluding 91 children up to the age of 18 years, no malignancy was
found.!

Recently we performed a review regarding the development of
malignancy in CM, including the literature from the past 20 years.?
We could include eighteen observational studies, totaling 2904 pa-
tients. The majority of patients (90%) had Types I or IV, 2% had
Types II or III, and 7% had Type V. Overall, 10.7% of patients de-
veloped a malignancy. These could be subdivided into malignant
prevalence in the CM itself (7.3%) and malignant transformation
after resection (3.4%). Patients with Types I and IV formed > 90%
of cases of both malignant prevalence as well as transformation.
Patients who underwent cystic drainage had an increased risk of
developing biliary malignancy in comparison to those who under-
went complete cyst excision, with an odds ratio of 3.9 (95% confi-
dence interval, 2.4-6.5), making this intervention obsolete. Median
age at time of detection of malignancy was 49 years, which is 20
years below the age at which cholangiocarcinoma usually occurs.
This is again indicative of enhanced carcinogenesis. There was one
12-year-old child with a malignancy. The number of patients per
age decade is shown in Fig. 2.

Overall, CM patients have an eleven percent risk of develop-
ing malignancy. After surgery, this risk is reduced to 0.3%.2 The
risk of malignancy following cystic drainage surgery is up to four
times higher in comparison to complete cyst excision. This makes
a case for redo surgery aiming to resect the malformation in pa-

tients who previously underwent a drainage procedure only. The
matter of follow-up, especially for patients with CM Types I or IV
with increased risk of malignant transformation remains unclear.
Rate of detection of CCA in patients with a CM on preoperative
MR-imaging remains low at best with the majority of CCA or gall-
bladder carcinoma found “by chance” in the resection specimen,
already after surgery. Prognosis of patients with CCA detected on
preoperative imaging is dismal with very low chance of long-term
survival. The inability to detect CCA on imaging and the subse-
quent lack of therapeutic gain makes follow up of postoperative
patient in light of other malignancies of less value.

At this moment there is no measurable factor clearly associated
with the development of malignancy. A recent paper from the Lon-
don group investigated biliary CA19-9 levels and found them to be
grossly raised.?” In the same paper the authors described increased
epithelial proliferation in 19% of cases. However, there was no clin-
ical correlation whatsoever. On this basis we continue to suggest
long-term surveillance and follow-up for all patients until better
markers of malignant predisposition become available.

To summarize, while there is a predilection for malignancy in
patients with CM, the reason for malignant degeneration and the
true incidence remain unclear. Also, it remains to be seen how
effective imaging modalities are for the early detection of biliary
tract malignancy. In the absence of clear benefit of follow-up for
oncological reasons, follow-up should be aimed at the early de-
tection of bile duct stenosis to prevent progression to advanced
fibrosis.

Quality of life

Over the last decades, the emphasis of care for children with
many congenital anomalies has shifted from survival to a more
holistic care model, including long-term functional outcomes and
quality of life (QoL). For several paediatric surgical diseases, e.g.
anorectal malformations, oesophageal atresia and biliary atresia,
long-term outcome regarding quality of life emerge in literature.
However, data regarding long-term quality of life after resection for
a CM are scant at best.

One of the few groups addressing this issue is the Kagoshima
paediatric surgery group. In a cohort of 35 young adults (median
age 29, range 18-42, 12 males and 23 females) Baba et al. de-
scribed health related quality of life using the Japanese version
of the internationally validated SF-36v2.3? This validated question-
naire measures eight health domains, which can be used to calcu-
late three summary scores: physical, mental and role-social. Post-
operative complications occurred in 12 patients (34%), mainly con-
sisting of adhesive ileus (17%). Overall, HRQOL component sum-
mary scores were within the normal range in the majority of pa-
tients, especially in those without post-operative complications.
However, general health was perceived lower in patients after
complications. The mental component score was also significantly
lower in patients who had experienced complications. Of note was
the finding that the physical component score showed a significant
negative correlation with age in patients without a complication,
while the mental and role-social component scores remained the
same during ageing.

While a small series with a relatively low response-rate, this
study again demonstrates the need for paediatric surgeons to con-
tinuously be aware of long-term outcomes regarding quality of life,
especially after ‘prophylactic’ surgery. While we all tend to focus
on novel surgical strategies, including laparoscopic and robotic-
assisted resection for CM, we should always keep in mind the need
for assessing long-term outcomes. For CM this clearly is a knowl-
edge gap that needs to be assessed. The authors would also urge
the field to develop a formal patients reported outcome measure
(PROM) for CM, further including the patient perspective with spe-
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cial interest in the outcome of patients with HJ stenosis or recur-
rent stone formation.

What do we do and what would we like to do

Our surgical protocol includes - besides resection of the extra-
hepatic bile duct with Roux-en-Y H] - a thorough cleaning of the
common channel as well as a the proximal bile ducts, preferably
using the intra-operative cholangioscope. We have recently started
a robotic approach for asymptomatic children who can safely be
delayed until approximately two years of age. We have chosen
this time-point with regards to the working space in the abdomi-
nal cavity.2* Possible robotic procedures can also be performed in
smaller children, but it remains unclear whether this is necessary
in asymptomatic cases. Of course, obtaining a good preoperative
visualization of the PBM anatomy, to prevent a too long remnant
of the distal CBD as well as injury to the pancreatic duct, is very
important.

Follow-up consists of outpatient visits, with blood tests, includ-
ing CA19.9 and liver ultrasound every six months. After two years
we perform this once yearly. Given the chance of stenosis of the HJ
and the risk for malignancy, currently we perform life-long follow
up at a 2 year interval. When intrahepatic dilatation persists, or
other complications occur, follow-up is kept at one-year intervals.
Any deterioration, clinical or laboratory wise leads to imaging with
ultrasound, often followed by MRCP.

Given the rarity of the disease and the clear knowledge gap
regarding long-term outcomes, we should start studies investigat-
ing long-term outcomes within the framework of international net-
works, such as the European Reference Networks for Rare Diseases.
Only via such cooperation, including international registries and
when possible biobanking, we will be able to outline the clinical
course of disease more in detail, and obtain patient reported out-
come measures to guide both patients and physicians in the treat-
ment of this disease. Prospective database registration with preop-
erative and postoperative consecutive quality of life questionnaires
should provide more insight into the best therapeutic regimen.

Conclusion

Due to the rarity of the disease, there are few large series, even
less comparative studies. In the West there will always be small
numbers. Regarding surgery, the prevention of early complications
is important, whether surgery is performed open, laparoscopically
or robotically. One should aim for resection of all affected tissue,
clearance of debris, and reconstruction with Roux-en-Y HJ with
wide hilar anastomosis. In doing so, the bigger picture should be
kept in mind. And the bigger picture is that surgery for CM is of-
ten prophylactic surgery in asymptomatic children, who have a life
before them to potentially develop long-term complications. We
should combine our efforts to further gain insight into the long-
term sequelae, identifying factors related to a worse outcome and
thereby identifying areas for improvement. We should do so in in-
ternational cooperation, with the patient not only as patient but
also as partner.
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