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ABSTRACT

Polycystic liver and kidney disease encompasses a spectrum of inherited disorders ,primarily autosomal dominant polycystic kidney
disease (ADPKD) and autosomal dominant polycystic liver disease (ADPLD). Although many patients remain asymptomatic for decades,
a subset develops debilitating complications, including massive hepatomegaly, recurrent cyst infections, malnutrition, and progressive
renal dysfunction. Diagnosis relies on imaging criteria and genetic testing. ADPKD is most commonly associated with PKD1 and PKD2
mutations, whereas ADPLD is associated with PRKCSH and SEC63 mutations. Magnetic resonance imaging provides optimal assess-
ment of cyst distribution, liver volume, and complications. Disease severity classifications, such as Schnelldorfer classification, guide
therapeutic decision-making. Liver transplantation is the only definitive treatment for severe symptomatic PLD. Primary indications
include recurrent cyst infections refractory to medical therapy, massive hepatomegaly with significant impairment of quality of life,
malnutrition, and portal hypertension. Patient-reported instruments, including PLD-Q and POLCA, questionnaires, provide objective
measures of symptom burden and aid in transplant candidacy assessment. In patients with concurrent renal insufficiency (estimated
glomerular filtration rate <80 mL/min/1.73 m?), combined liver—kidney transplantation may improve outcomes and confer potential
immunoprotective benefits for the renal graft. Despite favorable posttransplant outcomes—including 5-year survival rates exceeding
80%—variation in listing criteria persists, highlighting the need for standardized, evidence-based guidelines. Multidisciplinary evaluation

and individualized management remain essential to optimize clinical outcomes in this complex patient population.
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INTRODUCTION

Polycystic liver and kidney disease (PLKD) refers to a group
of genetic disorders inherited in an autosomal dominant
manner. Based on the most prevalent phenotype, these
disorders are classified into 2 dominant entities: auto-
somal dominant polycystic kidney disease (ADPKD) and
autosomal dominant polycystic liver disease (ADPLD),
with ADPKD being the most common entity.

Although most patients remain asymptomatic for years,
a subset develops debilitating symptoms due to massive
hepatomegaly, compression of adjacent organs, recur-
rent cyst infections, severe malnutrition, and progressive
decline in renal function. Solid organ transplantation is
the only curative option for patients with advanced dis-
ease and offers excellent long-term survival rates.

Diagnosis

ADPKD is a genetic disorder characterized by multiple
bilateral renal cysts that lead to progressive decline
in renal function and are associated with complica-
tions such as hypertension and hepatic cysts. PLD is
defined by the presence of more than 10 hepatic cysts
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not connected to the biliary system. More than 90%
of cases by mutations in PKD1 and PKD2. Diagnosis is
established by genetic testing in patients with a known
familial mutation and by imaging criteria (Table 1) in
those without an identified familial mutation or in cases
of incidental detection.!

In patients with ADPLD, disease is confined to the liver
with minimal or no renal involvement, and the most fre-
quently associated genes are PRKCSH and SEC63.

Once PLD is diagnosed, computed tomography (CT) or
magnetic resonance imaging (MRI) is required to evaluate
cyst distribution, the volume of unaffected liver, and the
presence of complications such as portal hypertension.
MRI is superior because of its better detection of small
cysts. Several classification systems, including those by
Giot, Kim, or Schnelldorfer, stratify disease severity based
on cyst number, distribution, and size and help guide
therapeutic decision-making. The Schnelldorfer clas-
sification, for example, differentiates patients who may
benefit from resection vs. liver transplantation (LT), and is
summarized in Table 2.2
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Table 1. Kidney Ultrasound Criteria for ADPKD Diagnosis

Diagnosis confirmed Diagnosis ruled out

>3 total cysts present at ages
15-39

<1 cyst present at ages 15-39

22 cysts present in each kidney at
ages 40-59

<2 cysts total at ages 40-59

24 cysts present in each kidney
over 60 years

Furthermore, in pharmacological clinical trials and in some
surgical studies, height-adjusted liver volume is used as
an endpoint, even though it does not reflect symptom
burden.®"" Some studies have shown that liver volume
does not always correlate with symptoms,’? whereas
others have reported a moderate correlation between
height-adjusted hepatic and renal volume and symptom
development.' Therefore, in addition to liver and kidney
volume, other factors appear to significantly influence
symptom development, such as a history of urinary tract
infections, renal or hepatic cyst infections, and hematuria.

The gold standard for measurement is manual tracing,
but automated approaches have been developed that
strongly correlate with manually traced volumes.®

Clinical Evaluation

Most patients with PLD remain asymptomatic. However,
some may develop rapidly progressive disease, particularly
premenopausal women. Approximately 20% of patients
with ADPKD-associated PLD develop PLD-related symp-
toms.'* Because liver function is typically preserved, even
in severe cases, the development of significant symptoms
is the primary indication for treatment.

In advanced cases, symptoms are primarily related to
progressive abdominal distension secondary to massive
hepatomegaly. Common clinical manifestations include
early satiety, abdominal pain, abdominal wall hernias,
lower back pain, and supine dyspnea. Cyst-related com-
plications may also occur, including rupture, hemorrhage,
or infection. Cholestasis secondary to biliary compression
may develop. In severe cases, compression of the hepatic
or portal veins can lead to portal hypertension, resulting
in ascites or hepatic hydrothorax due to impaired venous
outflow from the liver to the inferior vena cava (IVC).

Transplant Criteria

Although LT is the only curative option for patients with
PLD, only those with advanced cases are considered
candidates. In most countries, LT allocation is based on
mortality risk as determined by the model for end-stage
liver disease (MELD) score, which has been validated for
patients with cirrhosis and end-stage liver disease. As
previously mentioned, patients with PLD typically have
preserved liver function, even in advanced stages; there-
fore, the MELD score will not reflect the need for LT.

The European Association for the Study of the Liver clini-
cal practice guidelines recommend evaluation for LT in
patients with severe impairment of quality of life, com-
plications treatable only with transplantation, or failure
or contraindication of other therapeutic interventions.'
Some allocation systems have incorporated exception
criteria to improve prioritization. Although this approach
facilitates access to LT in patients with PLD, disease-spe-
cific criteria vary across European organ allocation sys-
tems, and only a limited number have established specific
exception policies. This lack of uniform criteria results in

Table 2. Summary of Schnelldorfer's Classification That Aims at Differentiating Patients Who Could Benefit from Resection or

Transplantation

Type C Type D

Type A Type B
Symptoms Absent or mild
Cyst characteristics Any
large cysts
Areas of relative normal liver Any
parenchyma
Presence of portal vein or hepatic Any Absent

vein occlusion in the preserved
hepatic sectors

Observation or
medical therapy

Recommend therapy

Moderate to severe

Limited number of

2 or more sectors

Cyst fenestration

Severe (or moderate) Severe (or moderate)

Any Any

1 or more sectors Less than 1 sector

Absent Present

Partial hepatectomy with
possible fenestration of
remnant cysts

Liver transplantation
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practice variability and contributes to differences in LT
listing thresholds.

Within Europe, only Spain, the United Kingdom, France,
and the countries within the Eurotransplant network
have established PLD-specific listing criteria.'®

In Spain, patients with PLD meeting any of the following
criteria are granted MELD exception points (MELD score
19, with an additional 1 point every 3 months):

Malnutrition
Uncontrolled complications of liver cysts despite medi-
cal therapy include recurrent infection despite adequate
therapy and Budd-Chiari-like syndrome due to cyst
compression.

Symptomatic Portal Hypertension Due to Polycystic
Liver Disease (Ascites or Variceal Bleeding)

In the United Kingdom, the NHS Blood and Transplant
also uses PLD-specific selection criteria, including intrac-
table symptoms due to mass of liver or pain unrespon-
sive to cystectomy and severe complications secondary
to portal hypertension. Patients are listed on the variant
syndrome category due to their preserved liver function.

In France, specifically for PLD, an expert MELD 800-point
component can be requested. A panel of medical experts
reviews these requests. If approved, the timing for alloca-
tion of the maximum points is specified, and patients may
receive the maximum score immediately in life-threaten-
ing emergencies, or at 3, 6, 9, or 12 months depending on
clinical urgency. The 12-month allocation is primarily used
for selected pediatric indications.

In the case of countries within Eurotransplant, the listing
criteria are as follows:

Massive PLD (total cysts/parenchyma ratio >1) with
complication(s) that can only be treated by LT;
Clinically significant liver disease due to massive PLD,
including weight loss, ascites, and portal hypertension;
Failure of or contraindications to nontransplant-
related interventions; and

Contraindications to nontransplant-related interven-
tions, fulfilling criteria 1 and 2.

Despite the absence of standardized criteria, European
specialists consistently identify several key indications for
LT in patients with PLD, as outlined below.

In the United States, the specific LT criteria are as follows:

PLD with severe symptoms and any 1 or more of the fol-

lowing items:

- Hepatic decompensation or severe portal hyper-
tension complication
Concurrent hemodialysis
Glomerular filtration rate <20 mL/min
Prior kidney transplant
Moderate-to-severe protein-calorie malnutrition,
as documented by a registered dietitian using any
of the following:

(@) Modified Global Leadership Initiative on Malnutrition
phenotypic criteria

(b) American Society for Enteral and Parenteral Nutrition
criteria

(c) Nutrition-Focused Physical Exam

(d) Subjective Global Assessment score

Severe sarcopenia as documented by skeletal muscle
index (<39 cm?/m2in women and < 50 cm?/m? in men) or
an equivalent measure.

Candidates meeting the criteria described above should
be considered for an MELD exception score equal to the
median MELD at transplant.

Transplant outcomes in PLD are generally very good, with
comparable 30-day and 1-year patient survival rates and
5-year higher survival rates compared with non-PLD
indications (81.3% vs. 76.5%).This occurs despite longer
waiting times. However, increased perioperative mor-
tality has been reported, likely due to greater operative
complexity in PLD, which may be exacerbated by delayed
transplantation and continued cyst and liver growth. A
retrospective study from the United Kingdom reported
intraoperative mortality of 1% in PLD recipients com-
pared with 0.4% in non-PLD recipients over a 7-year
period.'

Quality of Life: The main indication for LT is massive hep-
atomegaly associated with significant impairment of
quality of life, which develops in approximately 2%-5% of
patients with PLD."* Symptoms include abdominal pain
and restriction of mobility and food intake. Disease-spe-
cific quality-of-life questionnaires have been developed
to better assess symptom burden in this population
because generic quality-of-life instruments lack suffi-
cient sensitivity to capture PLD-related symptoms.
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Moreover, data regarding the correlation between liver
volume and symptom severity remain controversial.

The first of these instruments is the PLD-Q, a patient-
reported outcome measure consisting of 16 items, with
scores ranging from 0 to 100. It was specifically designed
to identify PLD-related symptoms and their impact on
quality of life.'® The PLD-Q has been validated in both
European and North American cohorts and is currently
used in clinical practice, clinical trials, and observational
studies to assess treatment response in patients with
PLD.>" Following its development, a treatment thresh-
old was established: patients with a score of 32 or greater
are considered candidates for therapeutic intervention.
However, no specific cutoffs have been defined to guide
the choice of treatment modality.?°

The second instrument is the POLCA questionnaire,
a self-report questionnaire designed and validated to
assess the presence and severity of hepatomegaly-
related complaints in patients with symptomatic PLD.?' It
consists of 16 items, each scored from 0 to 5, across 4
subscales: severity of perceived illness (SPI) (score range,
0-35; 7 items); gastroesophageal reflux disease-related
complaints (score range, 0-20; 4 items); impact on food
intake (score range, 0-10; 2 items); and perception of
enlarged liver volume (score range, 0-15; 3 items).

A POLCA SPI score of 14 or greater predicts the need to
initiate treatment, whereas patients with a score lower
than 7 are unlikely to require therapy.??> Furthermore, a
POLCA SPI score of 16.5 or greater predicts the need for
LT, with a sensitivity of 81.3% and a specificity of 88.9%.2°

Malnutrition: Malnutrition is one of the most serious com-
plications of PLD and constitutes an indication for referral
for LT. Although the specific impact of malnutrition and
sarcopenia on LT outcomes has not been extensively
studied in patients with PLD, their role as predictors of
posttransplant complications and postoperative recovery
is well established in the broader transplant literature.™

Malnutrition is typically observed in advanced stages of
PLD, particularly in patients receiving dialysis. It is mainly
related to early satiety, nausea, and vomiting caused by
gastric compression secondary to massive hepatomegaly.
To ensure timely interventions and improve clinical out-
comes in patients with PLD, early assessment of nutri-
tional status is essential, even in the initial stages of the
disease.?*

It is important to note that weight loss is often under-
estimated in these patients because of the additional
weight attributable to hepatomegaly. Therefore, alter-
native methods should be used to assess sarcopenia,
such as measurement of midarm circumference in the
nondominant arm (<23.8 cm in men and <23.1 cm in
women). However, this method has not been validated
specifically in PLD and is subject to significant interob-
server variability.'#2°

A more objective assessment of sarcopenia can be per-
formed using CT or MRI, which allows the calculation of
height-adjusted skeletal muscle mass (cm?) and subcuta-
neous adipose tissue (cm?) at the level of the third lumbar
vertebra (L3), with lower interobserver variability. Sarcopenia
is defined as a reduction in muscle mass of at least 2 stan-
dard deviations below the mean of a reference population.
The cutoffs commonly used to define severe sarcopenia
are derived from a prior oncology cohort and are defined by
a skeletal muscle index at L3 <38.5 cm?/m? in females and
<52.4 cm?/m? in males.?® Although these thresholds have
not been specifically validated in PLD populations, they are
widely used in clinical practice and may serve as predic-
tors of patient and graft survival after LT, as sarcopenia has
been associated with higher mortality and prolonged inten-
sive care unit stay in transplant recipients 2’2

Finally, the frailty index—an assessment tool incorporat-
ing muscle wasting, malnutrition, and functional decline
based on grip strength, chair stands, and balance test-
ing—is a well-validated prognostic measure in patients
with end-stage liver disease. Its use may also be consid-
ered in patients with PLD.2®

Portal Hypertension: Clinically significant portal hyperten-
sion is a syndrome characterized by splenomegaly, asci-
tes, varices, and hepatic encephalopathy and is defined by
an increased hepatic venous pressure gradient. In
advanced cases of PLD, clinically significant portal hyper-
tension may also occur. It is primarily caused by 3 forms of
vascular obstruction resulting from the mass effect of
hepatic cysts: inferior caval vein syndrome, hepatic venous
outflow obstruction (HVOO), and portal vein obstruction,
as shown in Figure 1. These mechanisms lead to the devel-
opment of noncirrhotic portal hypertension, with no sig-
nificant differences according to the underlying etiology
of PLD.3*%" Among these, HVOO represents the most
common cause of portal hypertension in this population.

Data regarding the incidence of portal hypertension in
patients with PLD are limited. A single-center study from
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1. Inferior Caval Vein
Syndrome (ICVS)

Hepatomegaly

2. Hepatic Venous Outflow
Obstruction (HVOO)

Hepatomegaly

Figure 1. Mechanisms of noncirrhotic portal hypertension.

the United Kingdom including 47 patients with PLD
listed for LT reported that 42.7% had evidence of portal
hypertension.32

Among the clinical manifestations of portal hypertension,
varices are relatively uncommon, with a reported preva-
lence of approximately 2% among patients listed for LT.%2
Ascites is the most frequent manifestation, and its devel-
opment correlates with liver volume®? as well as other risk
factors, such as prior abdominal surgery.3* Postoperative
ascites is often transient and typically responds to diuretic
therapy; however, persistent ascites may occur in some
cases.®®

LT remains the only curative therapy in these patients and
should be considered in those presenting with variceal
bleeding or refractory ascites unresponsive to conven-
tional management, including diuretics, liver volume-
reducing therapies, and vascular stenting or shunting.

Cyst-Related Complications: Recurrent cyst infections
represent a significant indication for LT. Cyst infection is
estimated to occur in approximately 5% of patients with
PLD, with the risk increasing to 37% in patients with

ADPKD and hepatic cysts following kidney transplanta-
tion. Once this complication develops, it often requires
prolonged hospital admissions and is associated with
substantial morbidity and mortality.

LT remains the only definitive treatment for a selected
group of patients with chronic cyst infection or infection
refractory to medical therapy. In 2024, an expert consen-
sus established that recurrent cyst infection—defined as
more than 2 episodes within a 6-month period—should
be considered an indication for LT, particularly in patients
listed for kidney transplantation."”

Special Considerations

Indications for Combined Liver—Kidney Transplantation: In
general, patients with ADPKD who meet the previously
described criteria for LT and who also have an estimated
glomerular filtration rate <30 mL/min/1.73 m? should be
considered for combined liver—kidney transplantation
(CLKT)."* This threshold does not typically qualify
patients for isolated kidney transplantation but serves as
a pragmatic cutoff to preempt the need for future
dialysis.

Some studies suggest improved survival in patients
undergoing CLKT compared with those receiving LT
alone, with reported 3- and 5-year survival rates exceed-
ing 90%. The higher perioperative mortality in patients
listed for isolated LT may reflect greater surgical com-
plexity of the procedure, as these patients may have
been more severe pretransplant complications, such as
recurrent cholangitis, esophageal variceal bleeding, and
malnutrition.®®

Regarding the performance of a simultaneous or sequen-
tial liver—kidney transplantation, robust data are lacking
to determine which strategy is superior. A recent sur-
vey among European transplantation center special-
ists showed that the preferred option was simultaneous
transplant (40.4%), followed by liver-first (30.8%), no
preference (26.9%), and kidney-first (1.9%)."

One argument supporting simultaneous transplanta-
tion is the potential immunoprotective effect of the liver
allograft on the renal graft when both organs are trans-
planted together, an effect not observed in sequential
kidney transplantation. This phenomenon may reduce the
incidence of renal allograft rejection®® and could poten-
tially allow for lower levels of immunosuppression com-
pared with isolated kidney transplantation.®® Moreover,
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worsening renal function has been reported following iso-
lated LT;*%4! therefore, simultaneous transplantation may
offer the advantage of avoiding renal failure in patients
with preexisting cystic kidney disease and may prevent
the need for bridging dialysis after LT.

On the other hand, in favor of a sequential transplant
strategy—performing LT first—the main argument is
that perioperative hemodynamic management differs
between patients undergoing LT and those receiving kid-
ney transplantation; therefore, the intraoperative hemo-
dynamic conditions during LT may have a potentially
deleterious effect on the kidney graft.#24% A liver-first
approach allows hemodynamic stabilization following
LT, thereby minimizing stress on a future kidney graft.
Furthermore, the previously described immunological
benefit of simultaneous liver—kidney transplantation may
be achieved using machine perfusion and delayed implan-
tation of a kidney from the same donor, which offers sev-
eral advantages, including stabilization of the patient’s
hemodynamic condition.**

Surgical Considerations: Because of the massive organ
enlargement, patients undergoing LT or CLKT for PLD
may experience a complex postoperative course. Marked
distortion of vascular anatomy is common, making access
to the suprahepatic IVC and hepatic veins technically
challenging and increasing the risk of intraoperative
hemorrhage.

In general, early control of the infrahepatic IVC during
the initial dissection phase is discouraged. Instead, dis-
section of the hepatic hilum is performed first to achieve
inflow control. After division of the hepatic artery, addi-
tional strategies may include portal venous flow diversion
through the creation of a portocaval shunt or the use of
full veno-venous bypass.'*

Surgeons should avoid excessive downward and leftward
traction of the liver to prevent tearing of fragile hepatic
veins. The liver is progressively mobilized from inferior to
superior or from left to right, avoiding leftward rotation,
until safe control of the suprahepatic IVC is achieved.

A case series of 32 patients in whom the conventional
technique was modified to include routine IVC veno-
venous bypass demonstrated high survival rates, consis-
tent with previous reports. Postoperative complications
were comparable to those observed in patients under-
going transplantation for other indications, with 5-year

survival rates exceeding 80% and significant improve-
ment in quality of life following transplantation.¢-45-48

An additional intraoperative consideration is whether
to perform native nephrectomy during combined liver—
kidney transplantation. Native nephrectomy should be
reserved for selected cases in which the potential benefits
outweigh the risks. Indications include severe symptoms
due to massively enlarged kidneys, recurrent or severe
renal infection or bleeding, complicated nephrolithiasis,
intractable pain, suspicion of renal cell carcinoma, insuf-
ficient space for the renal graft, and severe ventral hernia.!

Screening for Intracranial Aneurysms: Patients with
ADPKD have an increased risk of intracranial aneurysms
and, consequently, subarachnoid hemorrhage compared
with the general population, with a reported prevalence of
up to 12%.4°

Female sex, hypertension, a family history of intracranial
hemorrhage, and advanced chronic kidney disease signifi-
cantly increase the likelihood of aneurysm detection. In
this population, aneurysms tend to present at a younger
age and carry a higher risk of rupture.

Therefore, in high-risk settings such as pretransplant
evaluation, screening should be considered. The preferred
imaging modality is magnetic resonance angiography
without gadolinium enhancement, whereas high-resolu-
tion CT angiography may be used as an alternative when
appropriate.’

CONCLUSION

PLKD represents a complex therapeutic challenge that
requires a multidisciplinary and individualized approach.
LT is the only curative option for severe symptomatic
PLD, with indications including recurrent cyst infections,
significant deterioration in quality of life, and severe mal-
nutrition. Outcomes of LT in this population are excellent,
with 5-year survival rates exceeding 80%.

Despite these excellent clinical outcomes, significant
variability persists in selection criteria and access to
transplantation among different centers and countries,
highlighting the need to establish unified, evidence-
based criteria to ensure equitable access to these poten-
tially curative therapies.

Data Availability Statement: The data that support the findings of
this study are available on request from the corresponding author.
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