
EDUCATIONAL REVIEW

Clinical manifestations of autosomal recessive polycystic
kidney disease (ARPKD): kidney-related
and non-kidney-related phenotypes

Rainer Büscher & Anja K. Büscher & Stefanie Weber &

Julia Mohr & Bianca Hegen & Udo Vester & Peter F. Hoyer

Received: 26 April 2013 /Revised: 5 September 2013 /Accepted: 6 September 2013 /Published online: 10 October 2013
# IPNA 2013

Abstract Autosomal recessive polycystic kidney disease
(ARPKD), although less frequent than the dominant form, is
a common, inherited ciliopathy of childhood that is caused by
mutations in the PKHD1-gene on chromosome 6. The charac-
teristic dilatation of the renal collecting ducts starts in utero and
can present at any stage from infancy to adulthood. Renal
insufficiency may already begin in utero and may lead to early
abortion or oligohydramnios and lung hypoplasia in the new-
born. However, there are also affected children who have no
evidence of renal dysfunction in utero and who are born with
normal renal function. Up to 30 % of patients die in the
perinatal period, and those surviving the neonatal period reach
end stage renal disease (ESRD) in infancy, early childhood or
adolescence. In contrast, some affected patients have been
diagnosed as adults with renal function ranging from normal
to moderate renal insufficiency to ESRD. The clinical spectrum
of ARPKD is broader than previously recognized. While bilat-
eral renal enlargement with microcystic dilatation is the pre-
dominant clinical feature, arterial hypertension, intrahepatic
biliary dysgenesis remain important manifestations that affect
approximately 45 % of infants. All patients with ARPKD
develop clinical findings of congenital hepatic fibrosis (CHF);
however, non-obstructive dilation of the intrahepatic bile ducts
in the liver (Caroli’s disease) is seen at the histological level in
only a subset of patients. Cholangitis and variceal bleeding,
sequelae of portal hypertension, are life-threatening complica-
tions that may occur more often in advanced cases of liver

disease. In this review we focus on common and uncommon
kidney-related and non-kidney-related phenotypes. Clinical
management of ARPKD patients should include consideration
of potential problems related to these manifestations.
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Introduction

Autosomal recessive polycystic kidney disease (ARPKD) be-
longs to the family of cilia-related disorders and is an important
inherited disease with distinct clinical features and genetics. In
contrast to the relatively frequent autosomal dominant polycys-
tic kidney disease (ADPKD), ARPKD is much rarer, with an
incidence varying from approximately 1/10,000 to 1/40,000
live births in Caucasians [1–3]. It is generally diagnosed on
the basis of clinical criteria, especially renal ultrasonography.

The organs that are primarily affected are the kidneys (poly-
cystic kidneys) and liver (congenital hepatic fibrosis). In addi-
tion, several other extrarenal manifestations occur less frequent-
ly but can be observed at any age and disease stage [2, 4, 5].
The variability of organ involvement in ARPKD is not comple-
tely understood [6, 7]; however, different combinations of
mutations in the fibrocystin gene PKHD1 and its resulting
changes in the fibrocystin/polyductin protein structure may at
least partially explain the phenotypic variance [7, 8]. It is widely
recognized and corroborated by intrafamilial clinical variability
among affected siblings that resulting ARPKD phenotypes
frequently cannot be simply explained on the basis of the
PKHD1 genotype. Phenotypes may also depend on the back-
ground of other genes, combinations of mutations or disease-
modifying genes, epigenetic factors, hormonal effects, and
environmental influences [6, 7, 9]. However, severe pheno-
types, such as neonatal demise, are more often associated with
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chain-terminating, truncating PKHD1 mutations than with
moderate phenotypes, and the presence of two chain-
terminating mutations invariably results in perinatal lethality
[8, 10]. In contrast, amino acid substitutions are more common-
ly associated with nonlethal presentation, and the presence of at
least one amino acid substitution is required for affected indi-
viduals to survive the perinatal period [8, 10].

Pulmonary hypoplasia, a serious complication that generally
occurs as the result of oligohydramnios, is due to poor fetal
urine output, leading to respiratory failure and neonatal death
[2, 3]. Almost 30 % of affected newborns that present with
large, echogenic kidneys die within the neonatal period owing
to respiratory insufficiency [2, 3, 9, 11]. Some patients that
survive the neonatal period present with complications primar-
ily associated with liver disease, such as portal hypertension
(PH) [3, 4] and esophageal bleeding [9, 12, 13], later in child-
hood and adulthood; others may progress to end-stage renal
disease (ESRD) within the first decades of life [3]. Other
associated comorbidities, such as systemic hypertension [4],
renal failure [3, 14, 15], or chronic lung disease [11], can also
occur when the children get older. As more patients with
ARPKD survive to adulthood, liver and other complications
are likely to become more prevalent, with hepatosplenomegaly
being the predominant clinical finding [3].

The focus of our review is the broadened spectrum of the
ARPKD phenotype beyond the kidney, with attention given to
certain kidney-related and non-kidney-related manifestations
(Fig. 1; Table 1).

Hepatobiliary disease

Autosomal recessive polycystic kidney disease is character-
ized by dysgenesis of the hepatic portal triad, which is asso-
ciated with defective remodeling of the ductal plate, hyper-
plastic biliary ducts, and congenital hepatic fibrosis (CHF)
(Fig. 2) [13, 16, 17]. Although these pathological changes are
present at the microscopic level at birth, the significance of
these findings is variable, and clinical and radiographic com-
plications of CHF may become apparent at any time between
birth and adulthood (Fig. 3) [16–18]. Liver manifestations
may comprise the major symptomatic disease complications
in older patients [4, 19]. Fortunately, hepatocellular function is
usually preserved early in the course of the disease. Subsets of
patients develop Caroli disease, which is associated with
recurrent cholangitis and risk of sepsis (Fig. 4). In some
patients, particularly after the use of dialysis to treat ESRD
due to the complete loss of renal function has resulted in
impaired clearance of toxins that are shunted from the liver,
complications of CHF and Caroli disease can result in PH and
an increased risk of ascending cholangitis (Fig. 3) [3, 4]. Such
patients demonstrate splenomegaly, hypersplenism with low
platelet counts, and gastroesophageal varices with attendant

risks of acute bleeding, and they are also at risk of developing
bacteremic infections from both splenic dysfunction and
cholangitis [3, 11, 16]. Patients with severe PH and dependent
complications (e.g., gastroesophageal varices) may require
porto-systemic shunting. Portal decompressive surgical shunts
are uncommon in pediatric ARPKD patients and are only
implanted at specialized transplant centers [20]. Because nor-
mal kidney function plays a pivotal role in ammonia disposal,
porto-systemic shunting can be especially contraindicated in
patients with impaired kidney function, unless they have
successfully undergone kidney transplantation [12, 21].

In addition, after 40 years of age, adult ARPKD patients are
at increased risk of developing benign and malignant liver
tumors, particularly cholangiocarcinoma [16, 20]. Although
this is not a significant problem while patients are in pediatric
care, it may be important to be aware of this possibility when
adolescents are transitioned to internists [20].

Extrarenal cysts are uncommon in pediatric patients and are
more frequently seen in adults [22]. Liver cysts (Fig. 5) are
more common in ADPKD patients and occur only rarely in
ARPKD patients, although choledochal cysts have been report-
ed in the latter group [2, 12]. Gunay-Aygun and colleagues [23]
performed ultrasound evaluations in 110 parents from 64 inde-
pendent ARPKD families and identified multiple liver cysts in
several parents, suggesting that carrier status of PKHD1 muta-
tions creates a predisposition for liver cysts. Furthermore, they
suggest that ARPKD patients might have liver cysts that are
continuous with the biliary tree, differing from the isolated cysts
predominantly observed in ADPKD patients [23].

Complications of liver disease: portal hypertension,
esophageal varices, and variceal bleeding

Although PH in ARPKDwas not systematically studied in the
past, it starts early in life and progresses over time [12, 13, 17];
40–50 % of infants surviving the first year of life will develop
evidence of PH over time [9, 11]. While renal disease diag-
nosed during the first year of life is most severe in neonates,
many of the surviving patients develop sequelae from con-
genital hepatic fibrosis later in life, including hypersplenism,
PH, and variceal bleeding [13]. Despite these hepatobiliary
complications, hepatocellular function is usually preserved for
a long time, and patients are more likely to present with
hematemesis or melena resulting from bleeding esophageal
varices. PH can only be diagnosed clinically by the presence
of splenomegaly, hypersplenism, or esophageal varices, the
latter leading to acute variceal bleeding. Platelet count is a
good surrogate marker of PH severity [13]. Sonographic
evidence of PH is characterized by visualization of the portal
vein, decreased blood flow in the portal vein with minimal
undulation, splenomegaly, and the presence of varices (Fig. 3)
[24, 25]. In a recent paper, Gunay-Aygun and colleagues used
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the spleen length:height ratio and spleen volume to evaluate
the severity of PH in ARPKD and to understand its charac-
teristics [13]. Interestingly, they found that the pathophysiol-
ogy of PH in ARPKD is established early in life; 60 % of
patients aged <5 years had splenomegaly, an incidence rate
that was not significantly different from the incidence in older
children and adults. The number of patients that came to
medical attention because of splenomegaly and thrombocyto-
penia was low, which suggests that the number of patients
diagnosed with ARPKD on the basis of PH is also low.

The frequency of esophageal varices ranges from 5 to 37 %
[9, 12, 25], making it a relatively common complication (Fig. 6;
Table 1). In a meta-analysis of 1,230 patients with CHF, Srinath
et al. report varices in 164 cases (13 %) and bleeding varices in
74 cases (6 %) [12]. However, one must be very careful when
interpreting the frequency of these extrarenal manifestations
because they are derived from studies with few patients or
based on single-center observations [9, 12, 25]. Prevention of
recurrent esophageal bleeding is the primary treatment goal in
all ARPKD patients—especially in children with any signs of
PH. Therefore, regular esophago-gastro-duodenoscopy should
be performed at least once annually in children that are at risk
for bleeding varices [20]. Endoscopic bind ligation (EBL) has a
very low complication rate and can therefore be effective in
patients with varices and esophageal bleeding. Cyanoacrylate
glue can also be used in children; however, little is known about
its efficacy in ARPKD patients at the present time. Sclerother-
apy is seldom used as method of choice because it has a much
higher complication rate. Although data derived from adult

studies suggest that propranolol may decrease the mortality rate
associated with PH, unselective β-blockade is not recommend-
ed because insufficient data are currently available on the
prevention of esophageal bleeding in children with ARPKD
[20]. Some patients with severe signs of PH and splenomegaly
are resistant to any kind of primary prophylaxis or treatment. In
such cases, portal decompressive surgical shunts, although
uncommon in children, may become necessary [20].

Kidney function and liver disease

The treatment of kidney and liver involvement in ARPKD
during the past decades has focused first on renal complica-
tions (e.g., treatment of problems derived from ESRD, dialy-
sis, and transplantation), followed by complications derived
from hepatobiliary disease. Studies performed over the past
years have revealed that significant hepatobiliary disease may
lead to severe pre- or post-transplant problems that can ad-
versely affect outcomes [20]. It is suggested that approximate-
ly 40 % of affected ARPKD children present a severe com-
bined renal/hepatobiliary phenotype [20]. Therefore, it is only
fitting that modern strategies focus on new clinical approaches
for these severely affected children that take both renal and
hepatic problems into account.

A few groups have systematically analyzed the possible
correlation between renal- and biliary-related morbidities,
with heterogeneous results [11, 26, 27]. While earlier findings
suggested that the survival of children with moderate renal

Pulmonary hypoplasia

Pancreatic cysts

Systemic hypertension

Hepato-biliary disease
Portal hypertension
Liver cysts
Choledochal cysts
Ascending cholangitis

Esophageal and gastric varices

Cerebral aneurysmFig. 1 Schematic of kidney-
related and non-kidney-related
manifestations of autosomal
recessive polycystic kidney
disease (ARPKD)
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disease might lead to more severe liver disease later on [27],
other studies did not find a correlation between renal and
biliary involvement [11, 26]. International longitudinal studies
are underway to evaluate whether renal and liver disease in
ARPKD patients develop independently or whether they are
directly related comorbidities.

To determine whether the severities of kidney and liver
disease were correlated, Gunay-Aygun and colleagues com-
pared the spleen volumes of patients with severe kidney
involvement to those of patients with mild kidney involve-
ment [13]. They found that the mean spleen volume of pa-
tients with corticomedullary involvement (both renal cortex
and medulla were abnormal on the ultrasound scan) was
similar to that of patients with only medullary kidney disease
(renal medulla was abnormal but cortex was normal on the
ultrasound scan). However, the glomerular filtration rate cor-
related with spleen volume and was lower in patients with
splenomegaly than in patients without splenomegaly. These
authors considered that this finding is due to the progression

of both kidney and liver disease. Similarly, the extent of cystic
renal disease was similar between groups [13].

Systemic hypertension

Treatment for ARPKD is focused on minimizing and treating
the long-term complications of kidney and liver disease, in-
cluding hypertension, chronic kidney disease, PH, varices,
ascending cholangitis, and liver failure [2]. Systemic hyper-
tension, which usually develops within the first few months of
life, affects up to 80 % of ARPKD children [9, 11]. It is very
common in both infants and adolescents [4], even in patients
with normal renal function, and the majority of children with
ARPKD are severely affected [11, 14]. The pathogenesis of
systemic hypertension in ARPKD is not completely under-
stood. While some investigators assume that volume overload
is associated with poor renal function and may therefore be a
causative factor [26, 28], other groups observed a frequent

Table 1 Frequency of kidney-related and non-kidney-related manifestations in autosomal recessive polycystic kidney diseasea

Extrarenal manifestation Frequency Therapeutic options Reference

Caroli disease—a variant
phenotype of the ductal
plate malformation

16–26 % Liver transplantation or combined liver and kidney transplantation
(when severe sequelae with significant renal failure)

[1, 11, 16, 19, 25]

Hepatic fibrosis 31 % Liver transplantation or combined liver and kidney transplantation
(when severe sequelae with significant renal failure)

[1, 11, 16]

Hepatosplenomegaly 21–52 % Liver transplantation or combined liver and kidney transplantation
(when hepatosplenomegaly results from hepatic fibrosis and
severe sequelae with significant renal failure occur)

[9, 12, 25]

Liver cysts Unknown Cystectomy if risk of rupture [36, 50]

Pancreatic cysts Unknown Cystectomy if risk of rupture [36]

Portal hypertension 15–44 % β-blockers???; endoscopic band ligation; sclerotherapy; portosystemic
shunting

[9, 11, 17, 25, 40]

Systemic hypertension
(% on drug treatment)

65–75 % Preferred drugs: ACE-inhibitors; angiotensin II receptor inhibitors;
sometimes multidrug therapy is required

[9, 11]

Choledochal cysts Unknown – [36]

Esophageal varices 5–3 % -Regular EGD monitoring in patients with PH
-EBL
-Sclerotherapy (higher complication rate!)
-Propranolol alone or in combination with EBL decreases mortality in
adults (no pediatric studies)

-Cyanoacrylate glue

[9, 12, 25]

Ascending cholangitis 1–65 %
(6 % for CHF and 65 %
for Caroli disease)

-Parenteral antibiotics as soon as high fever/sepsis occurs
-Synthetic bile acids (ursodiol, no controlled studies)
-Liver transplantation/-Combined liver and kidney transplantation
(when significant renal failure and recurrent cholangitis occur)

Preferred drugs: ACE-inhibitors; angiotensin II receptor inhibitors;
sometimes a multidrug therapy is required

[11, 12, 20, 51]

Cholangiocarcinoma <1–6 % Liver transplantation [12, 20, 51]

Chronic lung disease 12 % – [11]

Cerebral aneurysm <1 % (5–10 % in ADPKD) Interventional occlusion [52–54]

ACE, Angiotensin converting enzyme; ADPKD, autosomal dominant polycystic kidney disease; CHF, congenital hepatic fibrosis; EBL, endoscopic
bind ligation; EGD, Esophago-gastro-duodenoscopy; PH, portal hypertension
a The percentages of the manifestation of kidney-related and non-kidney-related complications are derived from several studies in the field and are based
on larger scale studies and single-center observations
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onset of severe hypertension within the perinatal period in com-
binationwith hyponatremia [11, 25, 28, 29]. To further investigate
the concept that hypertension results from the defective dysregu-
lation of sodium reabsorption in the ectactic collecting ducts,
Satlin and colleagues studied fluid composition in an ARPKD
mouse model and explanted kidneys from ARPKD patients [29].
Although these researchers observed increased Na+ reabsorption
rates in the collecting ducts of renal epithelial cells (which led to
systemic hyponatremia), theNa+-absorptive pathwayswere intact
in renal epithelial cells derived from human ARPKD kidneys
[29], indicating that hyponatremia was unlikely to influence the
genesis and maintenance of hypertension. The observation that
only high doses of the epithelial Na+ channel inhibitor amiloride
were able to modestly inhibit Na+ reabsorption also does not
support this theory [29]. Furthermore, a number of other studies
also failed to demonstrate a link between hyponatremia, intravas-
cular volume expansion, and low renin levels [14, 26]. As in
ADPKD [30], the renin–angiotensin system (RAS) may function
as a key regulator of blood pressure; however, only limited data
exist on RAS activation in ARPKD [31]. It is assumed that the
fluid-filled cysts cause a reduction in blood flow to which the
body tries to respond by releasing angiotensin II (ANG II)
followed by vasoconstriction [31].

Hypertension can be difficult to control in affected children
and may require multidrug treatment. Angiotensin-converting
enzyme (ACE) inhibitors are the standard of care in ARPKD
patients, although they have never been formally studied [2].
Studies in an ARPKD rat model suggest that increased
intrarenal expression of the RAS components, renin, ACE,

cystic duct
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Right hepatic duct

Left hepatic duct

Common hepatic duct

Common bile duct
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Fig. 2 Schematic illustration
showing the types of ductal plate
malformations depending on the
duct size affected. Left Normal
bile ducts surround the portal vein
(a), right abnormal ductal plate
remodeling (b), which results in
dilated bile ducts and fibrosis in
congenital hepatic fibrosis (CHF)

a

b

Fig. 3 Ultrasound and color Doppler image of a 2-year-old girl with
autosomal recessive polycystic kidney disease (ARPKD) and congenital
hepatic fibrosis (CHF). a Echogenic liver parenchyma and thickened
periportal space (arrow) consistent with fibrotic remodeling, b a decreased
blood flow in the portal vein with minimal undulation consistent with portal
hypertension
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and ANG II is a feature of cystic kidney disease in the PCK
rat, althoughANG I and ANG II levels were not elevated [31].
Therefore, while the current standard for hypertension man-
agement in ARPKD patients includes ACE inhibitors and
calcium channel blockers, the mechanism of action of these
agents in controlling ARPKD-related hypertension remains
unclear. We are aware that some clinicians avoid cAMP
agonists, such as calcium channel blockers. However, this
avoidance is based on preclinical, experimental studies, and
serious side effects of calcium channel blockers in ARPKD
patients have never been demonstrated in vivo. Some studies
conducted in hypertensive ADPKD patients did not find any
beneficial effects of ACE inhibitors or calcium channel
blockers when comparedwithβ-blockers, based on the effects
of blood pressure control and prevention of the decline of
renal function [32]. Other ADPKD trials have investigated
whether combined treatment with ACE inhibitors and angio-
tensin receptor blockers is superior to ACE inhibitor mono-
therapy. Many of those studies are underpowered, have only

a b

Fig. 4 Axial (a) and coronal (b)
T2-W magnetic resonance (MR)
images of a 12-year-old boy with
autosomal recessive polycystic
kidney disease (ARPKD) and
Caroli syndrome following renal
transplantation. Both scans show
an enlarged liver and spleen and
several cystic dilatations of the
intrahepatic biliary ducts (arrow),
especially in liver segment 7

Fig. 5 High-resolution coronal ultrasound scan of a liver macrocyst
(arrow) of a 1-year-old boy with autosomal recessive polycystic kidney
disease (ARPKD)

a

b

c

Fig. 6 Color Doppler ultrasound image of a 8-year-old boy with auto-
somal recessive polycystic kidney disease (ARPKD) and esophageal and
gastric varices. a , b Multiple vessels along the esophagus (arrows)
consistent with portal hypertension, c enlarged varices in the esophageal
duodenal gastroscopy
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short follow-up periods, or fail to determine an appropriate
endpoint [32]. However, hypertension should be treated early
and aggressively in order to prevent severe sequelae of hyper-
tension, such as congestive heart failure and stroke.

Pancreatic cysts

Fibrocystin/primary cilia-dependent mechanisms may also be
centrally involved in the development of the pancreatic duct.
Few studies have examined the structure and function of the
exocrine pancreas in ARPKD model systems, such as PCK
rats [33]. In their analysis of bile samples obtained from PCK
rats, Yi and colleagues found irregularly dilated pancreatic
ducts and observed higher luminal pressure [33]. Although
pancreatic cysts occur more frequently in ADPKD patients
[34, 35], they are not solely an extrarenal manifestation in
ADPKD, and post-mortem analysis has also revealed pancre-
atic cysts in ARPKD patients (Table 1) [36]. In our own
experience, we treated a 16-year-old boy with ARPKD and
a genetically confirmed PKHD1 mutation who developed
large pancreatic cysts 3 years after combined liver and kidney
transplantation (Fig. 7).

Pulmonary hypoplasia

Pulmonary hypoplasia is the leading cause of death during the
perinatal/neonatal period. Approximately 30 % of affected
children diagnosed with ARPKD die shortly after birth from
respiratory distress as a result of limited diaphragmatic excur-
sion, pulmonary hypoplasia, and thoracic compression caused

by bilateral kidney enlargement (Fig. 8) [2, 9, 11]. Concurrent
pulmonary infections may also lead to a higher mortality rate
[2, 9, 11]. In their investigation of respiratory and general
outcomes in neonates with renal oligohydramnios, Mehler
et al. found that the cohort with renal agenesis/dysplasia exhib-
ited the worst survival rates (30 %) and those with obstructive
uropathies were associated with the best survival rates (84 %);
in comparison, patients with ARPKD exhibited survival rates
that were intermediate [37]. These results suggest that non-
survival may be associated with the type of primary renal
diagnosis [37].

In a series comparing the outcomes of patients with a
history of oligohydramnios, Klaasen and colleagues [38]
found that renal oligohydramnios was diagnosed earlier in
non-survivors (cut-off point 30 weeks). Although the exact
manifestation in utero is difficult to detect, this seems to be the

Fig. 7 Axial T2-WMR image of pancreatic corpus and tail cysts (arrows)
in a 16-year-old boy with autosomal recessive polycystic kidney disease
(ARPKD) following combined liver and kidney transplantation 3 years
ahead. The largest cyst in the pancreatic tail measures 3.6×4.8 cm

a

c

b

Fig. 8 Ten-day-old preterm infant (34th week) with autosomal recessive
polycystic kidney disease (ARPKD) a Voluminous kidneys leading to
respiratory problems, b , c High-resolution coronal ultrasound (view from
caudal to cranial) (b) and thoracic X-ray (c) show enlarged kidneys and
extreme pulmonary hypoplasia
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most critical prognostic factor in neonates. Earlier detection of
amniotic fluid reduction appears to be associated with more
severe pulmonary hypoplasia and might therefore be an indi-
cator of poor outcome [37]. This does not automatically mean
that any intervention that increases the amniotic fluid will lead
to a beneficial outcome; in this study, neither vesicoamniotic
shunting nor amnioinfusion had any effect on respiratory
outcomes or general survival, and both procedures are contro-
versial [38]. Aside from experimental settings in transgenic
mouse models with oligohydramnion, it remains unclear
which renal factors are required for “normal” pulmonary
development [39]. Thus far, the existence of a “renal growth
factor” that is required for adequate pulmonary development
during early embryonic development has only been theoreti-
cally assumed in animal models [39]. Along with the anatom-
ical preconditions of the neonatal thorax in patients with
ARPKD, mechanical ventilation is another serious threat that
is associated with, but is not a direct cause of, a higher
mortality rate compared with non-ventilated newborns [11].
The mortality rate is associated with more severe pulmonary
hypoplasia, which leads to a need for mechanical ventilation.

According to the PKD database, approximately 40 % of all
ARPKD neonates in the USA require mechanical ventilation
during the first days of life [11]. However, the accurate per-
centage of ventilated neonates is certainly higher, since Guay-
Woodford and colleagues only reported those patients referred
by a pediatric nephrologist and did not capture all ARPKD
neonates [11]. Individuals with an early lethal form of
ARPKD are therefore not included in the database. Further-
more, neonatal ventilation was also strongly associated with
an earlier onset of the development of hypertension or chronic
renal failure [11]. Pediatricians should keep in mind that
mechanical ventilation is a procedure that should be utilized
appropriately and for as brief a duration as possible.

Treatment options for kidney-related
and non-kidney-related complications

There is currently no cure for ARPKD. Treatment focuses on
managing the clinical complications derived either directly or
indirectly from this disease, such as pulmonary hypoplasia,
chronic renal insufficiency, arterial hypertension, and liver/
biliary disease. The clinical management of problems related to
extrarenalmanifestations in ARPKD is complex, lacks evidence-
based experience, and is therefore certainly not easily resolved
by any form of treatment algorithms. Because there is only
limited prevalence of this problem, all clinical approaches must
be individualized to specific complications [17]. Furthermore,
whether and when an intervention must be performed requires
careful analysis based on the results of screening evaluations.

The treatment of biliary disease is particularly problematic.
The relatively high number of asymptomatic infections (e.g.,

65 % of patients with Caroli disease have a high risk of
ascending cholangitis [20]) raises the question of whether
antibiotic prophylaxis is indicated to prevent cholangitis [17,
20]. Because the duration of such antibiotic prophylaxis re-
mains highly speculative, some authors suggest that children
with biliary disease should receive prophylaxis with trimeth-
oprim–sulfamethoxazole near the time of renal transplantation
and during the early post-transplant period [17]. However,
there is no good evidence that any kind of prophylaxis is
effective, and this decision certainly depends on the clinical
experiences of individual centers [17]. Physicians should be
aware of the high mortality rate caused by Gram-negative
sepsis in untreated ARPKD patients with severe liver disease.

Manifestation of PH is another serious problem that must
be resolved carefully. Most centers advise their patients to
undergo endoscopy routinely in order to prevent or treat
complications arising from gastro-esophageal varices. In this
case, treatment with propranolol alone or in combination with
EBL and sclerotherapy as an alternative to EBL are adequate
approaches and are considered to be primary prophylaxis [17,
20, 40]. The use of non-selective beta-blockers, although
successful in adult patients with esophageal varices, is gener-
ally not recommended in children because there is insufficient
data regarding the prevention of esophageal bleeding [20].
Although primary prophylaxis focuses on the prevention of
esophageal bleeding, advanced cases of PH with splenomeg-
aly may require more aggressive methods, such as porto-
systemic shunts. However, because data from prospective
studies are lacking, no form of portal decompressive surgery
is currently considered to be the method of choice in ARPKD
children, and such an approach should be performed only at
centers with highly skilled medical specialists. In the largest
reported series of ARPKD patients with advanced CHF, the
most common procedure was a splenorenal shunt [12]. How-
ever, owing to consecutive hyperammonemia and an increase
in renal ammonia disposal in response to decreased hepatic
detoxification, this intervention has recently been associated
with a high risk of hepatic encephalopathy in patients who in
the short term progressed to ESRD [21]. Because normal
kidney function is central to ammonia disposal, porto-
systemic shunting cannot be recommended for anephric pa-
tients or those with ESRD unless they have already success-
fully undergone kidney transplantation [12, 21].

Although liver disease in ARPKD is generally not associat-
ed with clinically significant hepatocellular dysfunction, it is
essential to determine the optimum point for the patient to
undergo combined liver/kidney transplantation (CLKT) or se-
quential transplantation of liver and kidney when complications
like PH have already occurred [17, 41, 42]. No general guide-
lines for CLKT in ARPKD patients have been established at
this time. In fact, morbidity andmortality are higher after CLKT
than in isolated kidney transplantation alone [43]. Although this
balance might favor isolated kidney transplantation, remaining
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problems that arise from severe PH and cholangitis are a major
threat to patients’ survival and suggest that CLKTshould be the
first treatment option [43]. Despite other problems, CLKT from
the same donor may also improve long-term kidney function
over isolated kidney or liver transplantation alone. Therefore, a
therapeutic decision regarding which transplant method is the
best is multifactorial and should be discussed with all experts at
the center, the patient, and the parents.

Systemic hypertension is very common in neonates, in-
fants, and adolescents. It affects approximately 80 % of all
ARPKD patients [9, 11] and has a major impact on cardio-
vascular comorbidities, such as stroke, left ventricular hyper-
trophy, and congestive heart failure [2–4]. Therefore, strict
blood pressure control is required. Although hypertension
generally responds well to ACE inhibitors or ANG II receptor
inhibitors, many ARPKD patients require several medications
to control blood pressure [2–4]. Because controlled trials in
ARPKD patients with respect to antihypertensive drug choice,
dose, and degree of blood pressure control are missing, clin-
ical experiences are gained from such studies performed in
ADPKD patients. However, it should be noted that we are
generalizing findings from controlled trials in ARPKD pa-
tients without any scientific basis. Therefore, controlled drug
trials that focus on ARPKD patients are also necessary.

During the past decade, research on the pathogenesis of
cystic development and the identification of the underlying
genotypes/phenotypes has allowed the development of new
therapeutic options [32]. The goal of several novel pharmaco-
logic therapies is to slow the progression of cystic develop-
ment in kidney and biliary ducts [2, 32, 44]. These novel
therapeutic agents block the epidermal growth factor receptor
(EGFR), block the vasopressin 2 receptor (V2R), or inhibit the
mTOR receptor pathway [2, 45, 46]. The somatostatin analog
octreotide has recently been shown to reduce hepatorenal
cystogenesis in rodent models; it might also be beneficial in
treating polycystic kidney and liver disease [47]. While some
of these drugs are highly effective in animal models [2, 45, 46,
48], others show a potential effect only in kidney disease and
not in liver disease (e.g., V2R antagonists) [32, 44]. Other
groups found that EGFR inhibitors lacked efficacy and were
moderately toxic in an animal model orthologous to human
ARPKD [44]. These findings limit the therapeutic value of
these pharmacologic therapies, at least when used alone [44].
Another problem is that various animal models and human
trials were performed in the context of ADPKD and not in
ARPKD. For example, targeted inhibition of mTOR has been
proven to be effective in various animal models of ADPKD;
however, sirolimus failed to attenuate the progression of kidney
and liver disease in an ARPKD rat model [49]. It is not clear
whether this effect is due to intrinsic or acquired rapamycin
resistance in this animal model of ARPKD.

Despite all of the initial optimism, the translation of animal
studies into clinical trials requires appropriate parameters to

measure outcome, such as decreased renal volume and
hepatorenal cystogenesis. This requirement is sometimes dif-
ficult to achieve in humans. Although some of the drugs have
advanced to phase III clinical trials in adult ADPKD patients,
the findings have not been encouraging, and these therapeutic
options require further clinical observations before they be-
come suitable for children with ARPKD [2].

Conclusions

Autosomal recessive polycystic kidney disease has variable
clinical expression, and extrarenal manifestations occur more
frequently than previously suggested. While the current un-
derstanding is that the formation of cystic structures is more
evident in the dominant form of PKD and that patients with
recessive PKD normally develop only dilatation of bile ducts,
“real cysts” can also be present in some cases of ARPKD. The
pathophysiological background of the various clinical side
effects of ARPKD is not fully explained and prognostic
markers of disease progression are unknown; however,
extrarenal manifestations do occur more frequently in survi-
vors of the neonatal period, manifesting later in adulthood.
This information may become relevant when patients are
transitioned to the care of internists.

Although there is currently no cure for ARPKD, there are
encouraging research trials under way. The translation of
results from animal studies into clinical trials requires appro-
priate parameters to measure outcomes. Many new drugs that
seem to slow the progression of cystic development in the
kidney and biliary tract have been successful in animal studies
but not in human ones or are still in the clinical trial stage.
Furthermore, the high morbidity and mortality of the disease
require an international database to provide more information
on extrarenal manifestations and their treatment options.

Multiple choice questions (answers are provided following
the reference list)

1) Extrarenal complications of ARPKD include:

a. Interrupted aortic arch
b. Caroli disease
c. Colonic diverticula
d. Inguinal hernia
e. Cardiac valve disease

2) What percentage of children that survive the neonatal peri-
od will develop evidence of portal hypertension over time?

a. Almost every child
b. Close to 0 %
c. Almost 50 %
d. Depending on the clinical database, 10–15 %
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e. Close to 95 %
3) What is the pathogenesis of systemic hypertension in

ARPKD?

a. Volume overload
b. Combination with hyponatremia
c. Excessive release of angiotensin II followed by

vasoconstriction
d. Poor renal function
e. All of the above are possible explanations

4) Which is the wrong answer? Treatment options of gastro-
esophageal varices in children with ARPKD include:

a. Regular EGD monitoring in patients with PH
b. Esophageal band ligation
c. Sclerotherapy
d. Non-selective beta-blockers
e. Cyanoacrylate glue

5) Which is the wrong answer? Contributing factors to the
disease phenotype in ARPKD include:

a. Hormonal effects (estrogens)
b. Combination of mutations
c. Disease-modifying genes
d. Mutation of both PKD1 and PKD2 (“double hit”)
e. None of the above
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