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Summary

Disease characteristics. The majority of individuals with autosomal recessive
polycystic kidney disease (ARPKD) present in the neonatal period with enlarged
echogenic kidneys. At initial presentation, about 45% of infants have liver
abnormalities including hepatomegaly, dilated intrahepatic biliary ducts, and
increased echogenicity. Pulmonary hypoplasia, resulting from oligohydramnios,
occurs in the majority of affected infants. Approximately 30% of affected neonates
die, primarily of respiratory insufficiency. More than 50% of affected children
progress to end-stage renal disease (ESRD), usually in the first decade of life. With
neonatal respiratory support and renal replacement therapies, the ten-year
survival of those who live beyond the first year of life has improved to 82%.
Fifteen-year survival is estimated to be 67-79%. A minority of individuals present
as older children, usually with hepatosplenomegaly as the presenting feature.

Diagnosis/testing. The diagnosis of ARPKD is based on clinical findings in the
proband and the absence of renal cysts in the parents of the proband.

Sequence analysis of the PKHD1 gene, the only gene known to be associated with
ARPKD, is clinically available. Linkage analysis is available for families with at least
one affected child in whom neither mutation is detected by

molecular genetic testing.

Management. Initial management of neonates with ARPKD focuses on
stabilization of respiratory function by mechanical ventilation and sometimes
unilateral or bilateral nephrectomy. Neonates with oliguria or anuria may require
peritoneal dialysis within the first days of life. Hypertension is treated with
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angiotensin-converting enzyme (ACE) inhibitors. Supplemental feedings via
nasogastric or gastrostomy tubes are often required. Children with ARPKD with
significant renal insufficiency and growth failure may benefit from treatment with
growth hormone. A porto-caval shunt may be necessary to treat progressive
portal hypertension and varices may be treated with sclerotherapy. Liver
transplantation may become the preferred therapy for those being considered for
porto-caval shunting. Surveillance includes annual or more frequent monitoring of
blood pressure, renal function, serum electrolyte concentration, hydration status,
nutrition status, growth, and hepatic involvement. Renal and hepatic
ultrasonographic evaluation of older sibs of an individual with ARPKD ensures
detection and appropriate treatment of affected individuals whose symptoms vary
from those of the proband. Sympathomimetic agents are avoided in individuals
with hypertension; nephrotoxic agents (NSAIDS and aminoglycosides) are avoided
unless clinically necessary.

Genetic counseling. ARPKD is inherited in an autosomal recessive manner. Each
sib of a proband has a 25% chance of inheriting both disease-causing alleles and
being affected, a 50% chance of inheriting a disease-causing allele and being a
carrier, and a 25% chance of inheriting neither disease-causing allele and not
being a carrier. Prenatal testing for pregnancies at 25% risk is available using
molecular genetic testing if both disease-causing alleles have been identified in an
affected family member or if linkage studies are informative. No systematic data
are available on the sensitivity and specificity of prenatal ultrasound examination
in diagnosis of ARPKD in pregnancies at 25% risk.

Diagnosis
Clinical Diagnosis

Infancy. The presence of bilateral palpable flank masses in infants with
pulmonary hypoplasia, a history of oligohydramnios, and hypertension are highly
suggestive of ARPKD.

Note: The presence of large echogenic kidneys on prenatal ultrasound examination is also suggestive of
ARPKD, although other diagnoses need to be considered.

Clinical diagnostic criteria of ARPKD, modified from Zerres et al (1996):

e Typical findings on renal imaging
AND
e One or more of the following:

o Clinical/laboratory signs of hepatic fibrosis that leads to portal
hypertension and may be manifested by hepato-splenomegaly and/or
esophageal varices

o Hepatic pathology demonstrating a developmental ductal plate
abnormality

o Absence of renal cysts in both parents as demonstrated by ultrasound
examination

o Pathoanatomical proof of ARPKD in an affected sib
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o Parental consanguinity suggesting autosomal recessive inheritance
Childhood and young adulthood

e In the atypical individual who presents later in childhood, the findings on
renal imaging are less reliable.
e The hepatic abnormality is often the prominent presenting feature.

Renal Findings

Ultrasonography

e Infancy. Fetuses and infants have characteristic large echogenic kidneys
with poor corticomedullary differentiation.

o Macrocysts are usually not present, although they may be seen with
worsening disease.

o Stein-Wexler & Jain (2003) have proposed that the ultrasonographic
findings of "focal rosettes," corresponding to the macroscopic
appearance of radially oriented collecting tubule cysts, are specific for
ARPKD.

o Although kidneys may be markedly enlarged at birth, over time, the
majority show stable to decreased renal size [Blickman et al 1995, Avni
et al 2002]. With progressive disease, however, the ultrasonographic
appearance of the kidneys may more closely resemble that seen in
autosomal dominant polycystic kidney disease (ADPKD) [Blickman et al
1995, Avni et al 2002].

e Childhood and young adulthood

o Kidneys are echogenic and large, but massive enlargement is generally
not seen.

o Macrocysts, more typical of autosomal dominant polycystic kidney
disease (ADPKD), may be present.

Magnetic resonance imaging (MRI) has been proposed as a non-invasive
alternative to renal biopsy for establishing the diagnosis. Findings on MRI include
enlarged kidneys with hyperintense T2-weighted signals. A characteristic
hyperintense, linear radial pattern in the cortex and medulla representing
microcystic dilatation has been described on RARE-MR urography [Kern et al
2000]. Cassart et al (2004) showed that MRI may be a useful additional diagnostic
study in fetuses with inconclusive ultrasonography in the third trimester of
preghancy. However, its accuracy in confirming the diagnosis at earlier time points
in preghancy has not been assessed.

Pathology reveals bilateral, symmetric kidney involvement. Microscopically, the
kidneys show a pattern of fusiform dilatations ("microcysts" less than 4 mm in
diameter) radiating from the medulla to the cortex [Dell et al 2004]. Tubular
localization and microdissection studies have demonstrated that the disease is
confined to the collecting tubules in all affected children [Verani et al 1989],
although a transient proximal tubule cyst phase has been reported in fetuses
[Nakanishi et al 2000]. Although kidney biopsy establishes the diagnosis in many
cases, it is often not necessary when clinical criteria are met.
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Hepatic Findings

Ultrasonography reveals hepatomegaly, dilated intrahepatic (and occasionally
extrahepatic) biliary ducts, poor visualization of the peripheral portal veins, and
increased echogenicity. These findings have been reported prenatally, but may not
be evident at birth.

Pathology. The liver lesion is present histologically in all individuals with ARPKD
[Kamath & Piccoli 2003]. It is characterized by a typical ductal plate abnormality
with bile duct proliferation and ectasia with hepatic fibrosis [Lieberman et al 1971].

Testing

Liver function tests and transaminases are generally normal [Zerres et al 1996].
Molecular Genetic Testing

GeneReviews designates a molecular genetic test as clinically available only if the
test is listed in the GeneTests Laboratory Directory by at least one US
CLIA-certified laboratory or a clinical laboratory outside the US. GeneTests does
not independently verify information provided by laboratories and does not warrant
any aspect of a laboratory's work. Listing in GeneTests does not imply that
laboratories are in compliance with accreditation, licensure, or patent laws.
Clinicians must communicate directly with the laboratories to verify

information. —ED.

Gene. PKHD1 is the only disease gene known to be associated with the wide
clinical spectrum of autosomal recessive polycystic kidney disease.

Molecular genetic testing: Clinical uses

e Confirmatory diagnostic testing
e Carrier testing
e Prenatal diagnosis

Molecular genetic testing: Clinical methods

e Mutation scanning. Although initial studies suggested a relatively low
mutation detection rate (40-60%) [Bergmann et al 2003 , Rossetti et al
2003], newer studies using mutation scanning by DHPLC demonstrate an
overall mutation detection rate of 75-80% in individuals with ARPKD. At least
one mutation is identified in 92-98% of individuals (including fetuses) with
ARPKD [Bergmann, Senderek, Kupper et al 2004 ; Bergmann et al 2005 ;
Sharp et al 2005]. The relatively low rate of mutation detection in the earlier
studies has been attributed to multiple factors, including the complexity and
large size of the gene, the presence of mutations throughout the gene, and
the fact that most families have a unique (private) mutation [Bergmann,
Senderek, Kupper et al 2004].

e Linkage analysis. Linkage studies are based upon the accurate clinical
diagnosis of ARPKD in the affected family member and accurate delineation
of the genetic relationships in the family. Linkage analysis is dependent on
the availability and willingness of family members to be tested. The markers
used for ARPKD linkage are highly informative and tightly linked to the 6p21

5-05-2007 11:19



Autosomal Recessive Polycystic Kidney Disease http://www.genetests.org/servlet/access?id=-8888891&k...

5 of 24

locus [Zerres, Mucher et al 1998]. Linkage analysis is available on a clinical
basis.

Table 1 summarizes molecular genetic testing for this disorder.

Table 1. Molecular Genetic Testing Used in Autosomal Recessive Polycystic
Kidney Disease

Mutati Mutation Detection Rate 1+ 2% 3 Test
utations es
Test Method | fotected 2 1 0 Availability
mutations |mutation [mutations

Mutation scanning 57-75% 18-39% 2-8%

: PKHD1 Clinical
Sequence analysis Unknown 4 [Testing ]
Linkage analysis NA NA

1. In a study of 75 individuals in 59 unrelated families [Sharp et al 2005]

2. In a study of 164 neonatal survivors from 126 unrelated families [Bergmann et al 2005]

3. In a study of 48 fetuses from 40 unrelated families with at least one child affected by severe ARPKD
(defined as perinatal/neonatal mortality) [Bergmann, Senderek, Kupper et al 2004]

4. Unknown but expected to detect as many as or more mutations than mutation scanning

Interpretation of test results. For issues to consider in interpretation of
sequence analysis results, click here.

Testing Strategy for a Proband

Although kidney biopsy establishes the diagnosis in many cases, it is often not
necessary when clinical criteria are met.

Genetically Related (Allelic) Disorders

No other phenotypes are known to be associated with mutations in PKHD1.

Clinical Description

Natural History

The two organ systems that are primarily affected in ARPKD are kidney and liver;
however, several other organ systems are affected secondarily as the result of the
kidney and/or liver disease. Significant phenotypic variability is seen in ARPKD.
Although Deget et al (1995) reported little intrafamilial variability in a study of 20
sibships with ARPKD, a more recent study of mutation-confirmed ARPKD in 126
unrelated families demonstrated significant intrafamilial variability in 20
[Bergmann et al 2005].

The majority of affected individuals present in the neonatal period. With modern
obstetrical ultrasonography, the diagnosis may be suspected when abnormalities
are detected by prenatal ultrasound examination. A minority of affected individuals
present as older children or young adults, with evidence of hepatic dysfunction.

Kidney. Large bilateral flank masses are invariably present on physical
examination. Urine output is usually not diminished; polyuria and polydipsia are

5-05-2007 11:19



Autosomal Recessive Polycystic Kidney Disease http://www.genetests.org/servlet/access?id=-8888891&k...

6 of 24

consistent with the renal concentrating defect. However, oliguria and overt acute
renal failure may be seen [Cole et al 1987]. Hyponatremia is often present in the
neonatal period, but usually resolves unless renal failure is present [Kaplan et al
1989 , Zerres et al 1996]. Renal function (as reflected in serum concentrations of
creatinine and BUN) is often impaired, may improve over time, and may be
normal in 20% to 30% of affected individuals [Zerres et al 1996 , Kaariainen et al
1988].

Hypertension, often severe, is usually noted within the first few weeks of life and is
believed to be mediated by the renin-angiotensin II-aldosterone axis. Although
plasma concentrations of renin and aldosterone are not usually elevated and may
be low in some affected individuals [Kaplan et al 1989], the current hypothesis is
that renin production occurs as a result of local ischemia resulting from structural
abnormalities. In individuals with ADPKD, Chapman et al (1990) reported that
plasma concentrations of renin and aldosterone were significantly higher than
those of individuals with essential hypertension. A recent histologic study
demonstrated increased expression of several renin-angiotensin axis components
in two kidneys of individuals with ARPKD [Loghman-Adham et al 2005]. In ARPKD,
however, macrocysts are generally absent, especially in the newborn period.
Thus, it is unknown whether the same mechanism accounts for hypertension in
both ADPKD and ARPKD.

More than 50% of affected individuals progress to end-stage renal disease (ESRD),
usually in the first decade of life [Cole et al 1987 , Roy et al 1997 , Guay-Woodford
& Desmond 2003]. In a cohort of neonatal survivors, actuarial kidney survival
rates were 86% at age five years, 71% at age ten years and 42% at age 20 years
[Bergmann et al 2005].

Liver. Although congenital hepatic fibrosis is histologically present at birth,
clinical, radiographic, or laboratory evidence of liver disease may be absent in
newborns [Lieberman et al 1971 , Shneider & Magid 2005]. In a study of 115
children with ARPKD, Zerres et al (1996) reported that 45% had clinical evidence
of liver involvement at presentation (mean age of presentation 29 days).

A subset of individuals with ARPKD present as older children with
hepatosplenomegaly [Roy et al 1997]. In these individuals, the renal disease is
often mild and may be discovered incidentally during imaging studies of the
abdomen. The clinical spectrum has been further expanded, as almost one-third of
individuals with mutations in PKHD1 and hepatic involvement in a recent series
were older than 20 years of age at the time of initial presentation [Adeva et al
2006].

The hepatic complications seen in ARPKD include ascending cholangitis,
progressive liver dysfunction, portal hypertension with varices, hypersplenism,
and overt liver failure with cirrhosis. As advances in renal replacement methods
and kidney transplantation improve long-term survival, it is likely that hepatic
disease will become more prominent in ARPKD.

In a cohort of affected individuals who were born and diagnosed after 1990,
evidence of portal hypertension was found in 37% of those who survived the first
year of life [Guay-Woodford & Desmond 2003]. In a study of 164 neonatal
survivors with identified PKHD1 mutations, clinical evidence of congenital hepatic
fibrosis including portal hypertension was seen in 44% and was related to age
[Bergmann et al 2005].
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While individuals with ARPKD exhibit allograft survival rates similar to those in
individuals without ARPKD post-kidney transplantation, the data are conflicting as
to whether their survival rates are different. In a single center study, a 36%
mortality was reported in individuals with ARPKD following renal transplantation;
four of five deaths were attributed directly to hepatic complications [Khan et al
2002]. In contrast, in a study of individuals with ARPKD in the North American
Pediatric Renal Transplantation Cooperative Study (NAPRTCS), Davis et al (2003)
found a similar survival rate of approximately 90% at age six years. However,
among those who died, sepsis was the cause in 64% of those with PKD versus
32% in those without PKD, a difference that the authors speculated was
attributable to hepatobiliary disease/cholangitis in those with ARPKD.

Lung. Pulmonary hypoplasia resulting from oligohydramnios occurs in the
majority of affected infants and is a major cause of morbidity and mortality in the
newborn period. Massively enlarged kidneys may also lead to hypoventilation and
respiratory distress.

Other abnormalities. Feeding difficulties, common in ARPKD, may result from
mechanical compression of the stomach by enlarged kidneys, liver, or spleen (the
latter in individuals with portal hypertension). Alternatively, individuals who have
significant renal impairment may have feeding difficulties related to kidney
malfunction, loss of appetite, and impaired gastric motility.

Potter's facies and other components of the oligohydramnios sequence including
low-set ears, micrognathia, flattened nose, limb positioning defects, and growth
deficiency, may be present.

Cerebral aneurysm, a common feature of ADPKD , has been reported in an adult
and a child with ARPKD [Neumann et al 1999 , Lilova & Petkov 2001].

Mortality. Although the short- and long-term mortality rates of ARPKD are
significant, the survival of children with ARPKD has improved significantly with
modern neonatal respiratory support and renal replacement therapies.

Approximately 23-30% of affected infants die in the neonatal period or within the
first year of life, primarily of respiratory insufficiency [Kaariainen et al 1988,
Kaplan et al 1989 , Roy et al 1997 , Guay-Woodford & Desmond 2003 , Bergmann
et al 2005]. With modern neonatal respiratory techniques, this number may be
decreasing. One-year survival is approximately 85-87% [Guay-Woodford &
Desmond 2003 , Bergmann et al 2005]. Ten-year survival of those who live
beyond the first year of life is estimated to be 82% [Kaplan et al 1989 , Bergmann
et al 2005]. Fifteen-year survival is estimated to be 67-79% [Kaplan et al 1989 ,
Roy et al 1997].

Genotype-Phenotype Correlations

The majority of PKHD1 mutations are unique to single families, complicating the
establishment of clear genotype-phenotype correlations [Bergmann, Senderek,
Kupper et al 2004]. However, several studies have demonstrated that the
truncating mutations, present in about 45% of kindreds studied, are associated
with a more severe phenotype [Bergmann et al 2003 , Bergmann et al 2005].
Amino acid substitutions were found to be more commonly associated with a
non-lethal presentation at birth, whereas chain-terminating mutations were more
commonly associated with neonatal demise [Furu et al 2003 ; Bergmann,
Senderek, Schneider et al 2004 ; Bergmann et al 2005]. However, missense
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changes on one or more alleles have been identified in a subset of individuals with
severe disease [Bergmann et al 2003 ; Rossetti et al 2003 ; Bergmann, Senderek,
Schneider et al 2004].

Penetrance

Penetrance is 100%, although significant intrafamilial variation in the severity of
disease may be observed [Bergmann et al 2005].

Nomenclature

In their original description of polycystic kidney diseases in childhood, Blyth &
Ockenden (1971) categorized childhood PKD into four classes (perinatal, neonatal,
infantile, and juvenile) based on clinical findings and histologic appearance of the
kidneys and liver, and suggested that they represented four distinct diseases.
Subsequent clinical descriptions of affected kindreds (see, e.g., Kaplan et al 1988)
have provided evidence suggesting that these distinctions are not meaningful;
thus, these categories are not currently used in clinical practice.

Prevalence

The incidence of ARPKD is 1:20,000 to 1:40,000. However, the true incidence may
be underestimated because children may die in the neonatal period without a
definitive diagnosis [Dell et al 2004], and previously undetected young adults are
being diagnosed by molecular genetic testing [Adeva et al 2006].

The carrier frequency for a PKHD1 mutation in the general population is estimated
to be 1:70 [Zerres, Rudnik-Schoneborn et al 1998].

Differential Diagnosis

For current information on availability of genetic testing for disorders included in
this section, see GeneTests Laboratory Directory. —ED.

Renal manifestations. Disorders with cystic renal disease include the following:

e Autosomal dominant polycystic kidney disease (ADPKD). ADPKD is
characterized by progressive cyst development and bilaterally enlarged
polycystic kidneys. ADPKD is a systemic disease with cysts in other organs
(e.g., the liver, seminal vesicles, pancreas, and arachnoid membrane) and
non-cystic abnormalities (e.g., intracranial aneurysms and dolichoectasias,
dilatation of the aortic root and dissection of the thoracic aorta, mitral valve
prolapse, and abdominal wall hernias).

Although individuals with ADPKD typically present in adulthood, a small
percentage of individuals present in the neonatal period, often with clinical
signs and symptoms indistinguishable from those of ARPKD [Guay-Woodford
et al 1998].

ADPKD may be indistinguishable from ARPKD in the newborn period;
however, renal ultrasonography in ADPKD more typically demonstrates
bilateral macrocysts. Early in the course of ADPKD, especially in younger
children, renal involvement may be unilateral. As ADPKD progresses,
however, bilateral kidney involvement occurs and cysts can become massive
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in size.

Congenital hepatic fibrosis, an invariant component of ARPKD, has been
reported rarely in ADPKD [Cobben et al 1990].

Because ADPKD may not present until the third or fourth decade of life, a
parent of a symptomatic infant or young child may not be identified as having
ADPKD until after the birth of an affected child [Fick et al 1993]. Renal
ultrasound examination of the parents of any individual with suspected
ARPKD is essential to evaluate for the possibility of early-onset ADPKD. It
should be noted, however, that renal ultrasound examination may be falsely
negative in up to 10% of individuals with ADPKD under 30 years of age
[Ravine et al 1994]. Furthermore, approximately 5-10% of individuals with
ADPKD have a de novo gene mutation and thus do not have an affected
parent.

¢ Glomerulocystic kidney disease (GCKD) [OMIM 137920]. A rare disorder,
GCKD typically presents in the neonatal period with large palpable flank
masses and may be clinically indistinguishable from ARPKD. Findings on renal
ultrasound examination may also resemble those seen in ARPKD, with
diffusely enlarged echogenic kidneys and occasional macrocysts. Microscopic
examination shows dilatation of Bowman's capsule and dysplasia with
abnormal medullary differentiation. Involvement of the intrahepatic bile ducts
is present in 10% of individuals and is similar to the liver lesions of ARPKD
[Bernstein 1993].

GCKD can be a subtype of ADPKD; however, in at least one large kindred,
linkage to both ADPKD loci was excluded [Sharp et al 1997]. GCKD also
occurs as part of congenital syndromes such as tuberous sclerosis complex ,
orofacial digital syndrome type 1 , trisomy 13, brachymesomelia-renal
syndrome, and short-rib-polydactyly syndrome.

e Diffuse cystic dysplasia. Diffuse cystic dysplasia is characterized by
findings on ultrasound examination of large echogenic kidneys, and on
pathologic examination of disorganized, poorly differentiated nephron
segments with primitive elements such as cartilage [Watkins et al 1999].
Diffuse cystic dysplasia can occur sporadically or more commonly as a
component of numerous syndromes [Limwongse et al 1999]. In individuals
with suspected ARPKD, the presence of extrarenal or extrahepatic
abnormalities suggest diffuse cystic dysplasia or, possibly, an
autosomal recessive nonsyndromic disorder [Sase et al 1996].

e Other "polycystic kidney" diseases. A number of studies report
"polycystic kidneys" as a component of a congenital syndrome; many of
these reports may in fact, be describing syndromic forms of cystic dysplasia.
Because histologic examination of the kidneys was not performed in the
majority of the cases reported, it is difficult to determine whether findings in
fact represent alternative forms of ARPKD.

Hallermann et al (2000) reported a family with typical features of

autosomal recessive polycystic kidney disease in association with multiple
congenital anomalies including brachymelia, vertebral abnormalities, Potter's
facies, ocular hypertelorism, and low-set ears. Linkage to the 6p21 locus was
excluded. Three families with similar features were also reported by
Gillessen-Kaesbach et al (1993).
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A new syndrome of neonatal diabetes, congenital hypothyroidism, hepatic
fibrosis, polycystic kidney disease, and congenital glaucoma has also been
described in two siblings. Although liver biopsy was performed and confirmed
the classic findings of congenital hepatic fibrosis, histologic evaluation of the
kidneys was not performed [OMIM 601331].

Disorders with renal involvement that may mimic ARPKD in the neonatal period
include: tuberous sclerosis , malignancies such as leukemia or Wilms tumor (see
Wilms Tumor Overview) [OMIM 194070], bilateral renal vein thrombosis, and
contrast nephropathy [Slovis et al 1993 , Guay-Woodford et al 1998 , Dell et al
2004]. The clinical scenario usually suggests these possibilities.

Liver manifestations. Other congenital hepatorenal disorders, characterized by
renal cystic changes and hepatic fibrosis, should also be considered. These include
juvenile nephronophthisis (JN) and disorders such as Meckel-Gruber syndrome,
Bardet-Biedl syndrome , and Jeune asphyxiating thoracic dystrophy [Johnson et al
2003]. Syndromic disorders are usually suggested by the presence of multiple
congenital anomalies that are absent in "classic" ARPKD. In individuals with JN, an
autosomal recessive disorder, the kidneys are usually small or normal in size, in
contrast to the enlarged kidneys of ARPKD.

The liver lesion invariant in ARPKD is indistinguishable from that of congenital
hepatic fibrosis (CHF), alternatively called Caroli's disease [Kamath & Piccoli
2003].

Management

Evaluations at Initial Diagnosis to Establish the Extent of Disease

e Evaluation of respiratory status, including physical examination,
measurement of pulse oximetry, and chest radiographs

e Serum electrolyte concentrations to assess for electrolyte abnormalities

(e.g., hyponatremia, hyperkalemia); serum creatinine concentration to

assess for renal impairment; urinalysis to assess for the urine-concentrating

defect as a result of collecting tubule involvement; and clinical assessment of

intravascular volume status for possible volume depletion or overload

Renal ultrasonography

Measurement of blood pressure

Assessment of feeding and growth

Measurement of liver transaminases, hepatic synthetic function (e.g., by

assessing serum albumin concentration and coagulation studies), complete

blood counts, physical examination for hepatomegaly/splenomegaly, and

abdominal ultrasonography to assess the clinical extent of liver involvement

Treatment of Manifestations

Initial management of affected infants is focused on stabilization of respiratory
function.

e Mechanical ventilation may be necessary to treat both pulmonary hypoplasia
and respiratory compromise from massively enlarged kidneys.

e When the kidneys are severely enlarged, some authors have advocated
unilateral or bilateral nephrectomy [Bean et al 1995, Shukla et al 2004].
Results of these reports (involving one or two affected individuals) suggest a
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potential benefit for some.

Hyponatremia is common and should be treated depending on the individual's
volume status.

Neonates with oliguria or anuria may require peritoneal dialysis within the first
days of life.

Hypertension generally responds well to angiotensin-converting enzyme (ACE)
inhibitors, which are the treatment of choice. In many cases, hypertension may be
severe enough to require several medications [Cole et al 1987].

Feeding intolerance and growth failure, even in the absence of renal insufficiency,
can be significant, especially in young infants [Zerres et al 1996].

Supplemental feedings via nasogastric or gastrostomy tubes are often required to
optimize weight gain and growth [Dell et al 2004].

As with other chronic kidney disease, children with ARPKD with significant renal
insufficiency and growth failure may benefit from treatment with growth hormone
[Lilova et al 2003].

Leukocyturia is common and may be the result of urinary tract infection. Persons
with ARPKD and fever, dysuria, or flank pain should be evaluated with a urine
culture. Treatment is reserved for those with positive urine cultures.

Bacterial cholangitis is an under-diagnosed complication in those with hepatic
involvement. In some affected individuals, this complication may present as
recurrent bacteremia with enteric pathogens without the typical clinical features of
cholangitis [Kashtan et al 1999]. Persistent fevers, particularly with right
upper-quadrant pain, should be evaluated and treated appropriately.

A porto-caval shunt may be necessary to treat progressive portal hypertension.
Varices may be treated with sclerotherapy [McGonigle et al 1981]. However,
Tsimaratos et al (2000) reported recurrent hepatic encephalopathy and death
following porto-caval shunting in two individuals with ARPKD who had renal failure.
With the improved success of living-related partial liver transplantation in children,
liver transplantation may become the preferred therapy for those being
considered for porto-caval shunting. At present, only a small percentage of
individuals with ARPKD, particularly those diagnosed later in life, have required
liver transplantation. However, with improved survival and advances in renal
replacement therapy, it is likely that the number of individuals with ARPKD
requiring liver transplantation may increase. It has been recommended that those
being evaluated for kidney transplantation undergo MR cholangiogram in order to
assess more fully the extent of liver involvement to determine if simultaneous or
sequential liver transplantation is indicated [Shneider & Magid 2005].

Surveillance
The following should be monitored regularly:
e Blood pressure, at least yearly. In younger children and/or those with
significant renal impairment, blood pressure may need to be monitored more
frequently.

e Renal function, at least yearly and more often if the person has evidence of
renal impairment. Serum electrolytes should also be monitored. Those with
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evidence of renal impairment may also require additional testing to evaluate
for complications such as anemia and renal osteodystrophy.

e Hydration status

e Nutrition status, with growth plotted on standard growth charts

e Hepatic involvement, yearly by physical examination and complete blood
counts. If hepatomegaly is found to be present and/or splenomegaly
develops additional monitoring, including yearly ultrasonography is indicated.
It has been recommended by some authors, that individuals with ARPKD
undergo MR cholangiography, a more sensitive measurement for biliary
ectasia, at least once. Endoscopy should be considered periodically in the
presence of portal hypertension to detect and treat varices [Shneider &
Magid 2005].

Agents/Circumstances to Avoid

e For affected individuals with hypertension: sympathomimetic agents

e In general (unless the clinical situation warrants their use): known
nephrotoxic agents, including nonsteroidal anti-inflammatory drugs and
aminoglycosides

Testing of Relatives at Risk

Given the possibility of intrafamilial variability, renal and hepatic ultrasonographic
evaluation of older siblings of an individual with ARPKD may be indicated in some
instances.

Therapies Under Investigation

Novel therapies directed at specific targets in the disease pathogenesis are
currently undergoing active investigation. Preclinical studies of agents directed
against the epidermal growth factor receptor (EGFR)/EGF-related growth factor
axis have been conducted [Sweeney et al 2000, Dell et al 2001 , Sweeney et al
2003]. Clinical studies using a specific EGFR tyrosine kinase inhibitor are expected
to begin within the next several years.

Phase I/II clinical trials using the V2 receptor antagonist, Tolvaptan, which inhibits
cyclic AMP [Gattone et al 2003, Torres 2004], are underway in adults with ADPKD
and Phase III trials are anticipated to begin in 2006. Studies in individuals with
ARPKD are not yet underway.

A variety of dietary and pharmacologic therapies have shown promise in animal
studies; none to date has been shown to be effective in humans [Davis et al
2001].

Search ClinicalTrials.gov for access to information on clinical studies for a wide
range of diseases and conditions.

Other

A number of other therapies have been studied in animal models of PKD. These
include citrate and the microtubule inhibitor Taxol. However, animal data have not
shown a consistent benefit and no studies in humans have been conducted.

Animal experiments suggest that caffeine, which may increase cyclic AMP, can
worsen cystic kidney disease. However, this has not been rigorously studied in
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those with ARPKD or ADPKD.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with
information on the nature, inheritance, and implications of genetic disorders to
help them make informed medical and personal decisions. The following section
deals with genetic risk assessment and the use of family history and genetic testing
to clarify genetic status for family members. This section is not meant to address
all personal, cultural, or ethical issues that individuals may face or to substitute for
consultation with a genetics professional. To find a genetics or prenatal diagnosis
clinic, see the GeneTests Clinic Directory. —ED.

Mode of Inheritance
ARPKD is inherited in an autosomal recessive manner.
Risk to Family Members

Parents of a proband

e The parents of a proband are obligate heterozygotes.

e Heterozygotes are asymptomatic.

e It is important to perform renal ultrasonography on parents of children with
suspected ARPKD to exclude the possibility of ADPKD (see Clinical Diagnosis).

Sibs of a proband

e At conception, each sib of a proband has a 25% chance of inheriting both
disease-causing alleles and being affected, a 50% chance of inheriting a
disease-causing allele and being a carrier, and a 25% risk of inheriting
neither disease-causing allele and not being a carrier.

e Once an at-risk sib is known to be unaffected, the risk of his/her being a
carrier is 2/3.

e Heterozygotes (carriers) are asymptomatic.

Offspring of a proband

e The offspring of an individual with ARPKD are obligate heterozygotes
(carriers) for a disease-causing mutation in the PKHD1 gene.

e The gene carrier frequency in the general population is estimated to be 1:70
[Zerres, Rudnik-Schoneborn et al 1998]. Therefore, the risk of disease in
offspring of a proband is approximately 0.7%.

Other family members of a proband. Each sib of the proband's parents is at a
50% risk of being a carrier.

Carrier Detection

e Carrier testing is available on a clinical basis once the mutation(s) has/have
been identified in the proband.

e If the disease-causing mutation in the PKHD1 gene cannot be identified,
carrier detection using linkage analysis may be possible in families with at
least one affected child and in which informative linked markers have been
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identified.
Related Genetic Counseling Issues

Family planning. The optimal time for determination of genetic risk, clarification
of carrier status, and discussion of the availability of prenatal testing is before
pregnancy.

DNA banking. DNA banking is the storage of DNA (typically extracted from white
blood cells) for possible future use. Because it is likely that testing methodology
and our understanding of genes, mutations, and diseases will improve in the
future, consideration should be given to banking DNA of affected individuals.

DNA banking is particularly relevant in situations in which the sensitivity of
currently available testing is less than 100% or testing is available by linkage only.
See DNA Banking for a list of laboratories offering this service.

Prenatal Testing
High-risk pregnancies (i.e., those at 25% risk based on family history)

e Prenatal testing for pregnancies at 25% risk is possible by analysis of DNA
extracted from fetal cells obtained by amniocentesis usually performed at
about 15-18 weeks' gestation or chorionic villus sampling (CVS) at about
10-12 weeks' gestation. Both disease-causing alleles of an affected family
member must be identified or linkage established in the family before
prenatal testing can be performed [Zerres, Mucher et al 1998].

e There are no systematic data available on the sensitivity and specificity of
prenatal ultrasound examination in diagnosis of ARPKD in pregnancies at
25% risk.

Note: Gestational age is expressed as menstrual weeks calculated either from the first day of the last
normal menstrual period or by ultrasound measurements.

Low-risk pregnancies (i.e., those not known to be at increased risk but in
which routine prenatal ultrasound examination reveals enlarged cystic
kidneys)

e Karyotype and detailed fetal ultrasonography should be performed to
evaluate for the presence of a chromosomal abnormality and/or other
congenital anomalies in a fetus not known to be at increased risk for ARPKD.

e Molecular genetic testing of the PKHD1 gene may be appropriate. Failure to
detect two mutations, however, does not exclude the diagnosis of ARPKD.

e Renal ultrasound examinations of both parents should be considered in all
fetuses with suspected ARPKD to exclude the possibility of ADPKD.

Preimplantation genetic diagnosis (PGD) may be available for families in

which the disease-causing mutations have been identified in an affected family
member in a research or clinical laboratory. For laboratories offering PGD, see

.

Molecular Genetics

Information in the Molecular Genetics tables may differ from that in the text;
tables may contain more recent information. —ED.
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Molecular Genetics of Polycystic Kidney Disease, Autosomal
Recessive

Gene Symbol Chromosomal Locus Protein Name

Polycystic kidney
and hepatic disease
1

PKHD1 6p21.1-p12

Data are compiled from the following standard references: Gene symbol from HUGO;
chromosomal locus, locus name, critical region, complementation group from OMIM;
protein name from Swiss-Prot.

OMIM Entries for Polycystic Kidney Disease, Autosomal
Recessive

263200 POLYCYSTIC KIDNEY DISEASE, AUTOSOMAL
RECESSIVE; ARPKD
606702 PKHD1 GENE; PKHD1

Genomic Databases for Polycystic Kidney Disease, Autosomal

Recessive
Gene | Locus |Entrez | jemp | GeneCards| GDB |GenAtlas
Symbol | Specific | Gene
PKHD1 PKHD1 606702 |PKHD1 PKHD1 433910 PKHD1

For a description of the genomic databases listed, click here.

Molecular Genetic Pathogenesis

Despite the identification of the mutated gene and abnormal protein product, the
pathogenesis of ARPKD remains unclear. However, recent studies suggest that the
PKD-related proteins are involved with function of the primary cilia, an organelle
located on the apical surface of most epitheial cells including kidney tubule and
biliary cells [Pazour 2004 , Lin & Satlin 2004]. Reduced or absent levels of normal
fibrocystin function are thought to underlie the disease pathogenesis [Hiesberger
et al 2004 , Zhang et al 2004]. Abnormal structure and/or function of the primary
cilium leads to alterations in its mechano-sensory properties, which may result in
activation of downstream second messenger pathways, notably the cyclic AMP
system [Nauli et al 2003 , Pazour 2004]. These pathways are thought to activate
known cystogenic processes such as cell proliferation and fluid secretion.

Additional data suggest that the protein products of PKD1, PKD2, and PKHD1 may
exist as multimeric protein complexes in multiple sites in addition to cilia. These
polycystin complexes are located on the apical cell surface, the lateral cell surface
adjacent to the adherens junction, and the basal cell membrane in association with
the focal adhesion kinase [Wilson 2004 , Sweeney & Avner 2006]. The integration
of signaling downstream from multimeric protein complexes may link the
molecular and cellular pathophysiology of ARPKD.
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Normal allelic variants: The PKHD1 gene contains at least 66 coding exons and
multiple alternative transcripts [Onuchic et al 2002 , Ward et al 2002].

Pathologic allelic variants: Multiple different mutations throughout the coding
sequence have been identified in affected kindreds [Bergmann, Senderek, Kupper
et al 2004].

Normal gene product: The PKHD1 gene product, polycystic kidney and hepatic
disease 1 (also called fibrocystin or polyductin), is a large protein with
receptor-like properties [Onuchic et al 2002 , Ward et al 2002]. It is localized to
kidney, bile ducts, and pancreas. In addition, fibrocystin has been shown to
localize to primary cilia in renal tubular epithelial cells, suggesting a link to ciliary
dysfunction [Ward et al 2003]. Abnormalities in ciliary structure and function may
underlie the pathogenesis of many different types of cystic kidney diseases [Ong &
Wheatley 2003]. See Molecular Genetic Pathogenesis .

Abnormal gene product: Unknown. See Molecular Genetic Pathogenesis .

Resources

GeneReviews provides information about selected national organizations and
resources for the benefit of the reader. GeneReviews is not responsible for
information provided by other organizations. -ED.

e National Library of Medicine Genetics Home Reference
Polycystic kidney disease

e PKD Foundation
9221 Ward Parkway Suite 400
Kansas City MO 64114-3367
Phone: 800-PKD-CURE
Fax: 816-931-8655
Email: pkdcure@pkdcure.org
www.pkdcure.org

e The Kidney Foundation of Canada
700-15 Gervais Drive
Toronto M3C 1Y8
Canada
Phone: 800-387-4474;416-445-0373
Fax: 416-445-7440
Email: centralontario@kidneycob.on.ca
www.kidney.on.ca

e National Kidney Foundation
30 East 33rd Street Suite 1100
New York NY 10016
Phone: 800-622-9010; 212-889-2210
Fax: 212-689-9261
Email: info@kidney.org
www.kidney.org
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Published Statements and Policies Regarding Genetic Testing

No specific guidelines regarding genetic testing for this disorder have been
developed.
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