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Abstract

Improved neonatal medical care and renal replacement technology has improved the long term
survival of patients with autosomal recessive polycystic kidney disease (ARPKD). Ten year
survival of those surviving the first year of life is reported to be 82% and is continuing to improve
further. However, despite increases in overall survival and improved treatment of systemic
hypertension and other complications of their renal disease, nearly 50% of survivors will develop
end stage renal disease (ESRD) within the first decade of life 1. 2,

In addition to renal pathology, patients with ARPKD develop ductal plate malformations with
cystic dilation of intra- and extra-hepatic bile ducts resulting in congenital hepatic fibrosis (CHF)
and Caroli syndrome. Many patients with CHF will develop portal hypertension with resulting
esophageal varices, splenomegaly, hypersplenism, protein loosing enteropathy and gastrointestinal
bleeding3#>. Management of portal hypertension may require endoscopic band ligation of
esophageal varices or porto-systemic shunting. Complications of hepatic involvement can include
ascending cholangitis, cholestasis with malabsorption of fat soluble vitamins, and rarely benign or
malignant liver tumors.

Patients with ARPKD who eventually reach end-stage renal disease, and ultimately require kidney
transplantation, present a unique set of complications related to their underlying hepato-biliary
disease. In this review, we focus on new approaches to these challenging patients, including the
indications for liver transplantation in ARPKD patients with severe chronic kidney disease
awaiting kidney transplant.

While survival in patients with ARPKD and isolated kidney transplant is comparable to that of
age-matched pediatric patients who have received kidney transplants due to other primary renal
diseases, 64-80% of the mortality occurring in ARPKD kidney transplant patients is attributed to
cholangitis/sepsis which is related to their hepato-biliary disease®’ Recent data demonstrate that
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surgical mortality among pediatric liver transplant recipients is decreased to less than 10% at 1
year89, The immunosuppressive regimen used for kidney transplant recipients is adequate for
most liver transplant recipients. We therefore suggest that in a select group of ARPKD patients
with recurrent cholangitis or complications of portal hypertension, combined liver-kidney
transplant is a viable option. Although further study is necessary to confirm our approach, we
believe that combined liver-kidney transplantation can potentially decrease overall mortality and
morbidity in carefully selected ARPKD patients with ESRD and clinically significant CHF.
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stage renal disease

INTRODUCTION

Autosomal Recessive Polycystic Kidney Disease (ARPKD) is a severe form of polycystic
kidney disease (PKD) and a significant cause of renal and liver-related morbidity and
mortality in children. ARPKD is characterized by: 1) non-obstructive fusiform dilatation of
the renal collecting tubules (CT) (following an early, transient phase of proximal renal
tubular cyst formationl®; and 2) a ductal plate malformation of the liver ultimately resulting
in congenital hepatic fibrosis (CHF). Estimates of the prevalence of ARPKD vary (often due
to referral bias), but the most consistent data suggest an overall frequency of 1 in 20,000 live
births and a heterozygous carrier rate of 1:7011:12,

Despite the recent findings of Adeva et al, that ARPKD/CHF may present in individuals
older than age 213, the clinical descriptions of ARPKD provided in most pediatric series are
accurate. Most patients present with : 1) enlarged echogenic kidneys, with severe renal and/
or combined severe renal/biliary disease that often presents in the youngest patients
(including prenatal diagnosis via molecular analysis or imaging) ; and 2) a prominent
hepatobiliary clinical phenotype, which may be present in young infants but generally
presents in older children and young adults.1213, The most severe presentation is that of
fetuses with enlarged echogenic kidneys and oligohydramnios caused by poor fetal urine
production. These signs are potentially detectable clinically in utero, but often not until late
in the third trimester!. Improved overall neonatal critical care (including early pediatric
nephrology involvement), and referral to tertiary pediatric centers with prenatal disease
recognition have significantly increased survival of affected newborns, but death still occurs
in 25% to 30% of newborns with ARPKD due to pulmonary hypoplasia, with various
manifestations of a severe intrauterine compression syndrome (“Potter’s Syndrome”)13.
Individuals with a severe neonatal presentation who survive the first year of life exhibit a
spectrum of clinical problems of variable severity as a consequence of their dual organ
pathophysiology3. Massive kidney enlargement is often accompanied by systemic
hypertension and varying degrees of progressive renal dysfunction. More than 50% of
affected children progress to end stage renal disease, usually in the first decade of life.

Liver involvement is always present, and in some cases can be a predominant clinical
feature. The most common complication is portal hypertension, a consequence of periportal
fibrosis. The fibrosis develops around ectatic bile ducts, and is consistent feature of the basic
biliary plate malformation. Other features of hepatobiliary disease include hepatomegaly,
malformation of small interlobular bile ducts (congenital hepatic fibrosis), non-obstructive
dilation of intrahepatic bile ducts (Caroli syndrome), and dilation of the common bile duct.
Ascending cholangitis is a serious and frequent complication, presumably secondary to
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abnormal antegrade bile flow with ascending infection of pathogenic bowel flora. Abnormal
bile flow may also lead to fat malabsorption and decreased absorption of fat-soluble
vitamins (A, D, E, K). Despite such abnormalities, liver synthetic and metabolic function
remains normal until very late in the disease process.

Overall, with neonatal respiratory support and renal replacement therapies, the 10 year
survival of children with severe neonatal ARPKD who live beyond the first year of life has
improved to 82%. Fifteen year survival of this “neonatal presentation and survival” group is
estimated to be 67%—-79% 12. Published data regarding survival in children who present as
older infants or young adults with a predominant hepatobiliary clinical presentation are not
available.

The treatment of dual organ involvement in ARPKD has traditionally focused first on the
renal complications (up to, and including, dialysis and transplantation); and then
subsequently addressed complications of hepatobiliary disease. However the presence of
significant hepatobiliary disease in ARPKD patients has led to the realization that
complications of portal hypertension and ascending cholangitis (increased patient morbidity
and mortality from ascending cholangitis pre-or post- renal transplantation, and/or variceal
bleeding) and problems related to surgical treatment (vascular complications following
porto-systemic decompression) can adversely affect outcomes. Recent studies suggest that
the “severe renal, severe hepatobiliary” phenotype may include up to 40% of the ARPKD
population (M. Gunay-Aygun, personal communication). Coupled with improvements in the
outcomes of liver transplantation, it is appropriate to consider new clinical approaches for
this significant group of children with ARPKD and dual renal /hepatobiliary disease.

We therefore present a framework, based on published literature, our experience in a unique
Multidisciplinary Childhood PKD clinic established in 2006 at our institution, and the
authors combined 50 + years of clinical experience in treating patients with ARPKD
(including direct involvement in 15 dual liver/kidney transplants) to guide decision-making
for ARPKD patients with dual renal and hepatobiliary disease. We also briefly review the
potential impact of new therapies emerging from laboratories around the world, and being
rapidly being translated into clinical trials and clinical practice.

HEPATOBILIARY DISEASE IN ARPKD

The histological pattern of hepatobiliary disease associated with ARPKD suggests a basic
developmental abnormality of the ductal platel41> Although histological findings of ductal
plate malformation are present at birth, disease may not be clinically apparent in the first
year of lifel®. Laboratory and radiological studies may be normal in newborns.
Organomegaly is the most common presenting symptom in infants and childrenl’. At the
time of diagnosis the majority of children with ARPKD have significant renal enlargement,
and 45% have clinically apparent liver disease!®. Hepatic fibrosis in the absence of
hepatocellular inflammation is a hallmark of hepatobiliary disease in ARPKD. Molecular
pathways leading to fibrosis in CHF are unknown, and remain an exciting area of current
investigation in many labs319,

Caroli syndrome is characterized by non-obstructive dilation of medium and large size bile
ducts. It is generally defined by radiographic criteria, most ideally utilizing MR
cholangiography. Presence of multiple irregular bile ducts with cystic ectasia in the absence
of alternative diagnosis (such as primary sclerosing cholangitis, or Langerhans histiocytosis)
is considered diagnostic. The majority of patients with Caroli disease will have characteristic
histological features of ductal plate malformation.
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COMPLICATIONS OF LIVER DISEASE IN ARPKD

Synthetic liver failure is unusual in congenital hepatic fibrosis (CHF) and Caroli disease.
Both are, however, associated with significant morbidity in patients with more severe
hepatobiliary phenotypes. As progressive kidney disease is successfully treated by renal
replacement therapy (dialysis and transplantation), the complications of liver disease are
likely to present an increasing degree of mortality and morbidity in ARPKD®:7:20.21

Portal Hypertension

Clinical signs of portal hypertension have been documented in 37-44% of patients with
ARPKD who have survived the first year of life2. In other studies, 33.2% of patients with
CHF had sequelae of portal hypertension (64% of this group had ARPKD)?23. Diagnosis of
portal hypertension in ARPKD relies on clinical signs such as splenomegaly, hypersplenism
or esophageal varices, rather than on radiological features (reversal of the portal flow) or
direct measures (wedge pressure or endoscopic ultrasound) of portal pressures. Portal
hypertension can lead to the development of esophageal varices and acute variceal bleeding.
Ascites, hepato-pulmonary syndrome and/or encephalopathy are uncommon complications
of ARPKD/CHF6, Esophageal varices have been reported in 13% of patients with known
CHF?L, Prevalence of esophageal bleeding is estimated at 30% in patients with isolated CHF
and 6% in all patients with ARPKD/CHF 22, In a published series of patients with ARPKD
and renal transplantation, clinically significant portal hypertension was present in 78% of
patients. Gl bleeding was reported in 38% of these patients, and in rare cases led to acute
mortality”.

Consequently, we believe that regular (EGD) monitoring to prevent recurrent esophageal
bleeding is warranted in all children with ARPKD and clinical signs of portal hypertension.
In children, endoscopic band ligation (EBL) is an effective mode of prophylaxis or therapy
in patients with varices and esophageal bleeding (secondary prophylaxis). This technique
decreases mortality and has a low complication rate24:25.26_ Sclerotherapy may be
considered as an alternative to EBL, but it is associated with higher complication rates?’: 28,
Adult studies show that the use of propranolol or other non-selective beta blockers (NSBB)
alone or in addition to EBL may decrease mortality of portal hypertension. Use of NSBB in
children is controversial26:2? There are no sufficient data to recommend the use NSBB for
prevention of esophageal bleeding in children with ARPKD?5. Nitrates have been
successfully used in adults as a means of secondary prophylaxis, but there are no reports of
their use in children.

Primary prophylaxis focused on prevention of the first episode of esophageal bleeding has
been effective in decreasing mortality in adults with portal hypertension2®. EBL and
propranolol are recognized modes of therapy for primary prophylaxis in adults3?. EBL has
been used successfully to obliterate esophageal varices in children3L, Due to lack of
controlled studies, use of EBL as a primary prophylaxis in children with ARPKD remains
controversial, but can be used in selected children with ongoing evaluation of outcomes26.
Since 2006, we have performed yearly EGD (with EBL as indicated) in our Childhood PKD
Clinic for appropriately selected ARPKD patients. We have seen no acute Gl bleeds or
complications of the procedure in this high-risk population. Gastric varices and hemorrhoids
can also be a source of bleeding secondary to increased portal pressure. Technologies to
completely control gastric varices have not been successfully developed. Use of
cyanoacrylate glue is a promising technique reported to be successful for treatment of gastric
varices in a pediatric pilot study32. Hemorrhoids can be amenable to band ligation, though
size limitations may limit this technique in infants.
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Splenomegaly and hypersplenism are frequently associated with portal hypertension.
Cytopenias resulting from hypersplenism can influence immunosuppression decisions after
kidney transplantation and lead to increased risk of rejection or nephrotoxicity. Splenic
rupture and subsequent internal bleeding has been described in children with ARPKD and
portal hypertension33, This is an uncommon, but catastrophic and potentially lethal
complication. An external splenic guard may provide some protection from direct splenic
injury for children involved in sports, but no controlled data are available to determine clear
evidence of effectiveness.

Portal hypertension in rare cases can be associated with protein losing enteropathy.
Subsequent hypoalbuminemia can lead to edema and ascites34.

Neither splenomegaly, hypersplenism nor protein losing enteropathy can be alleviated by
EBL. Thus, in some patients with portal hypertension, porto-systemic shunting may be
necessary to address symptoms of portal hypertension.

Management of portal hypertension in ARPKD with porto-systemic shunts presents a
complex set of variables which directly impact kidney transplantation in these patients.
Utilization of portal decompressive surgical shunts are uncommon in pediatric patients.
Consequently prospective long-term data are not readily available to assess their utility. The
success of portal decompressive shunts in this patient population is intimately associated
with the technical skill of the surgeon, the type of shunt performed and the size of the
patient. In patients with good long term prognosis regarding liver disease (i.e. normal
synthetic function, no cholangitis or cholestasis) surgical porto-systemic shunting is
effective?6. The use of shunts is not uncommon (19.8%) in ARPKD/CHF patients with
portal hypertension23, However, one should consider shunt therapy with caution in patients
with end-stage renal dysfunction requiring renal replacement therapy due to reports of
terminal encephalopathy after shunt placement in this population3®. An additional
consideration in ARPKD children is the impact that surgical shunting has on the potential
risks and surgical complexity of planned kidney or potential liver transplantation.

Ascending Cholangitis

Patients with CHF and Caroli disease have a high risk of ascending cholangitis (6% for CHF
and 65% for Caroli syndrome) 21 and sepsis. Ascending cholangitis can develop due to
presence of cystic dilation of the ducts, with bile stasis and retrograde ascent of Gl bacteria.
It is reasonable to assume that use of immunosuppression in kidney transplant recipients can
further increase the risk of ascending cholangitis. Ascending cholangitis and sepsis is major
contributor to the mortality in patients with ARPKD who received kidney transplantation®
Some studies have reported 36% overall mortality (7% - 1 year and 14% - 5 year) in patients
with a kidney transplant due to ARPKD, with 80% of them related to liver disease
(cholangitis, sepsis, Gl bleeding)’. Data from the North American Pediatric Renal
Transplantation Cooperative Study demonstrated 10% 5 year patient mortality. which was
not different than in non-ARPKD kidney transplants. However, 64% of the mortality
reported in such patients has been attributed to liver disease (sepsis, cholangitis). A new,
multi-center study from France emphasized this risk in 14 patients with ARPKD who have
undergone renal, or combined renal and liver transplantation?L, Of the patients treated, 72%
were diagnosed in the prenatal or perinatal period and among the 5 patients with Caroli’s
syndrome, 3 experienced recurrent episodes of ascending cholangitis (3-5 episodes each)
after renal transplantation. Of the total group of 14 patients, 3 patients (21%) died (2 renal
transplant recipients and one renal and liver transplant recipient) - all as a result of ascending
cholangitis. Although the number of patients reported is small, this study, combined with
previously cited data, suggests that pre-emptive liver transplantation should be considered as
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a therapeutic option in a subgroup of ARPKD patients with severe liver disease being
evaluated for renal transplantation.

Patients with ARPKD and Caroli’s syndrome, who develop high fever and/or signs of sepsis
without clear cause, should be assumed to have ascending cholangitis at any time during
their clinical course. Aggressive diagnostic evaluation and intervention with parenteral
antibiotics is strongly recommended to prevent significant morbidity and mortality.
Recurrent cholangitis can cause secondary damage to bile ducts and lead to cholestasis, or in
rare cases, end stage liver disease with synthetic failure. At this point there is no consensus
regarding routine use of prophylactic antibiotics for such patients?. Similarly, although
synthetic bile acids (ursodiol) are sometimes recommended to increase bile flow and
decrease the risk of ascending biliary infection, their effectiveness for such indications has
never been studied in a controlled fashion.

Liver Tumors

Cholestasis

Cholangiocarcinoma is almost universally lethal with 1 year mortality. Most patients with
cholangiocarcinoma have been diagnosed in patients with isolated CHF and Caroli disease
after 40 years of age?!. Thus it is not a significant problem in pediatric patients36-37
However, given the increasingly recognized broad clinical spectrum of ARPKD, including
genetic diagnosis being confirmed in adult patients, this remains a concern. Further, given
the increased survival of pediatric ARPKD patients, the risk of cholangiocarcinoma should
be considered as patients are transitioned to the care of internists. Other liver tumors such as
adenomas and hepatocellular carcinoma, as well as adenomatous hyperplasia, have been
described. Their relationship to the pathophysiology of the polycystic disorder is uncertain.

The developmental abnormality of the ductal plate in combination with ascending
cholangitis contributes to bile duct damage. Though jaundice is very rare, in selected
patients bile duct damage (usually from ascending cholangitis) can lead to clinically
apparent cholestasis. Cholestasis leads to fat and fat soluble vitamin malabsorption. This, in
combination with anorexia and early satiety resulting from organomegaly and congestive
gastropathy, can lead to significant nutritional challenges.

Cholestasis can impact development of osteopenia which can lead to bone fractures with
minimal injury. This may exacerbate the bone disease associated with renal failure, and
negatively impact quality of life for ARPKD patients.

Intractable pruritus can be a symptom of cholestasis which can severely affect sleep and
school performance. Cholestasis and its complications, if severe enough to negatively affect
quality of life, may lead to consideration of liver transplantation in ARPKD patients.

LIVER TRANSPLANTATION IN ARPKD

Immunosuppressive therapy is required for kidney transplantation in ARPKD, and therefore,
should not be included twice in any calculation of the risk/benefit analysis of combined
liver-kidney transplant. Given the immunosuppression required for renal transplantation, the
additional risk of liver transplant is lower in ARPKD patients than what is expected in the
classic risk/benefit model in end stage liver disease. We therefore believe that one may
accept lower PELD/MELD scores to justify the benefit of combined liver-kidney transplant
compared to isolated kidney transplant. For isolated liver transplant, survival benefit is
apparent for patients with a PELD score greater than 1738, In the standard evaluation of
survival benefit, the risk of pre-transplant mortality is compared to risk of transplant related
mortality.

Pediatr Transplant. Author manuscript; available in PMC 2014 June 01.
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In ARPKD patients with indications for kidney transplantation, we assume that PELD scores
will still reflect the 3 month risk of liver related mortality (though possibly underestimating
risk of death from ascending cholangitis). Post-transplant risk however, is generally
considered as the combination of: 1) risk related to immunosuppression; and 2) risk related
to liver transplant surgery. For ARPKD patients requiring renal transplantation (and its
immunosuppression), only surgical mortality should be considered in assessment of risk-
benefit analysis. Liver transplant should not increase risks related to nephrotoxicity, PTLD,
and infections. Surgical risk of mortality in liver transplant is below 10% in all recent
reports. In 2011, 1 year patient survival for pediatric liver transplant was 95.2%, graft
survival 91.7% (Studies of pediatric liver transplantation (SPLIT) registry — unpublished
data). Small series of patients with liver transplant in fibrocystic liver disease (including one
with combined liver —kidney transplant) had 100% 1 year graft and patient survival®®. No
direct clinical data exist for the unique situation of liver transplant in patients with ARPKD,
renal failure and severe fibrocystic liver disease. Being extremely conservative, it is
reasonable to propose that for patients who are accepted for kidney transplant additional
liver transplant is likely to provide survival benefit for PELD scores more than 10. Clearly,
future studies are necessary to delineate the precise threshold for survival benefit in this
unique patient group.

An important, but not insurmountable, challenge for liver transplantation in the ARPKD
population is the fact that the PELD/MELD scoring system does not adequately reflect
mortality and morbidity of congenital hepatic fibrosis until end-stage parenchymal
dysfunction develops. As we acquire more precise data regarding mortality risk secondary to
the complications of portal hypertension (bleeding and shunt surgery) or ascending
cholangitis in the setting of ARPKD, we can delineate, and then advocate for acceptance of
more appropriate PELD/MELD scores for the uniqgue ARPKD population.

Combined liver and kidney transplant from the same donor has been observed to be
associated with a significantly lower risk for kidney allograft rejection and lower
immunosuppression requirements?%4% 1t would be anticipated that due to the splenomegaly,
hepatomegaly and enlarged bilateral kidneys, that conventional graft size matching for the
recipient could be liberalized in patients with ARPKD anticipated to undergo combined
liver-kidney transplantation and associated native hepatectomy and bilateral nephrectomies.
The opportunity for simultaneous liver-kidney transplant from the same live donor may
therefore present a unique opportunity for decreased perioperative mortality and improved
patient and graft survival.

Although we lack a predictive model for risk and associated mortality from ascending
cholangitis in ARPKD recipients of kidney transplantation, the data presented previously
suggest that the Caroli population with recurrent ascending cholangitis prior to ESRD would
be at high risk for morbidity and mortality following immunosuppression.

At this time, one cannot advocate for prophylactic liver transplantation in the majority of
ARPKD patients, although emerging data suggest that patients with the combination of
ARPKD and significant Caroli syndrome are at high risk for morbidity/mortality. We
therefore believe that it is reasonable to consider combined organ replacement in patients
who have both severe renal disease and congenital hepatic fibrosis with serious
complications.

One must emphasize that such therapy can only be considered in a major pediatric organ
transplant center: one with experienced transplant surgeons and the full complement of
pediatric subspecialists and transplant team specialists. In the case of ARPKD patients, this
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obviously must include pediatric medical and surgical specialists in nephrology and
hepatology.

As disease-specific therapy of ARPKD2%: 42 portal hypertension and associated infections
develops/improves, the benefit of combined liver-kidney transplant may decrease. On the
other hand, improving outcomes of liver transplantation and the development of new
artificial liver supportive therapy are likely to decrease risk of this procedure. In this rapidly
changing field, clinicians must be aware of the constantly changing balance of the risks and
benefits of dual organ transplantation in this unique patient population.

FRAMEWORK FOR DECISION-MAKING

A decision tree considering the risk/benefit analysis of all therapies discussed above needs to
be made for each individual ARPKD patient; and all options need to be communicated to the
patient and/or their surrogate decision makers. Patient and family need to understand all
available options and their risks, based on existing data. We have developed tools to guide
step by step decisions, and help our clinical team make difficult decisions. (Table 1/ Figure
1).

Table I. summarizes the elements of the risk benefit analysis in this unique population. We
present such data to provide an overview of the factors which must be considered in making
clinical decisions for patients with ARPKD. Therefore, although it is impossible to devise a
clinical care algorithm for all possible clinical scenarios one may encounter in ARPKD, we
consider (Figure 1) the most common clinical decisions in populations of ARPKD patients
with dual organ involvement awaiting kidney transplant. Following this paradigm, only a
subgroup of patients with ARPKD and severe liver disease would qualify for liver
transplant. Though we lack conclusive evidence from prospective clinical studies, we
present our risk/benefit analysis based on interpretation of available clinical data. Solid
arrows represent decisions supported by risk/benefit analysis, and dashed arrows represent
decision points supported by limited data.

We present Table | and Figure | as clinical guidelines “for the perplexed physician” based
on our knowledge and impressions in early 2013. We know that the intersecting variables of:
a) improved/new therapies based on new data in the molecular and cellular pathophysiology
of ARPKD/CHF; and b) improvements in solid organ transplantation based on new data in
immunobiology, surgical technique and artificial organ development are constantly
changing. Therefore we remind all those who use these guidelines to be aware of new
developments in these fields, and “above all, do no harm”.
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Table |

Risk/benefit considerations in decisions regarding kidney transplant versus combined liver-kidney transplant
in ARPKD/CHEF patients with dual organ involvement. Rare, uncommon problems in italics.

Kidney Transplant

Combined Liver-Kidney Transplant

Morbidity

Portal hypertension: Gl bleeding, hypersplenism,
protein loosing enteropathy

Cholangitis/sepsis

Malignant and benign liver tumors

Surgical complications of liver transplant: primary non-function, hepatic artery
thrombosis, portal vein thrombosis/stenosis, bile duct strictures.
Donor complications (if living donor partial hepatectomy)

Cholestasis: failure to thrive, bone disease,
intractable pruritus

Liver rejection

Complications of immunosuppression: nephrotoxicity, neurotoxicity, bone marrow suppression, hearing deficits, bone disease, infections (viral,
bacterial, fungal and parasitic), PTLD, kidney rejection (possible dialysis), lymphomas and other immunosuppression related malignancies.

Mortality

Ascending cholangitis/sepsis

Gastrointestinal bleeding

Malignant and benign liver tumors

Complications of porto-systemic shunt (if needed)

Surgical complications of liver transplant: primary non-function, hepatic artery
thrombosis
Donor complications (if living donor partial hepatectomy)

Complications of immunosuppression: nephrotoxicity, infections (viral, bacterial, fungal and parasitic), PTLD, kidney rejection (and following
dialysis), lymphomas and other immunosuppression related malignancies
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