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IMPORTANCE Autosomal dominant polycystic kidney disease (ADPKD) is characterized by
progressive development of kidney cysts and is the most common inherited kidney disorder
worldwide. ADPKD accounts for 5% to 10% of kidney failure in the US and Europe, and its
prevalence in the US is 9.3 per 10 000 individuals.

OBSERVATIONS ADPKD is typically diagnosed in individuals aged 27 to 42 years and is
primarily caused by pathogenic variants in the PKD1 (78%) or PKD2 (15%) genes. Most
persons with ADPKD have an affected parent, but de novo disease is suggested in 10% to
25% of families. More than 90% of patients older than 35 years have hepatic cysts, which
may cause abdominal discomfort and occasionally require medical or surgical intervention.
Hypertension affects 70% to 80% of patients with ADPKD, and approximately 9% to 14%
develop intracranial aneurysms, which have a rupture rate of 0.57 per 1000 patient-years.
Approximately 50% of individuals with ADPKD require kidney replacement therapy by 62
years of age. The severity of kidney disease can be quantified using the Mayo Imaging
Classification (MIC), which stratifies patients based on total kidney volume adjusted for
height and age and ranges from 1A to 1E. Patients with MIC 1C to MIC 1E have larger kidneys
because of more rapid growth (6%-10% per year) compared with those with MIC 1A and 1B
(1%-5% per year) and have earlier progression to kidney replacement therapy, which occurs
at a mean age of 58.4 years for MIC1C, 52.5 years for MIC 1D, and 43.4 years for MIC 1E.
Optimal management of ADPKD includes systolic blood pressure lower than 120 mm Hg for
most patients, but lower than 110/75 mm Hg for patients with MIC 1C to 1E who have an
estimated glomerular filtration rate (eGFR) greater than 60 mL/min/1.73 m? and are younger
than 50 years, dietary sodium restriction (<2000 mg/d), weight management, and adequate
hydration (>2.5 L daily). The vasopressin type 2 receptor antagonist tolvaptan reduces the
annual rate of eGFR decline by 0.98 to 1.27 mL/min/1.73 m? and is indicated for patients with
MIC 1C to 1E or an eGFR decline greater than 3 mL/min/1.73 m? per year to slow disease
progression and delay the onset of kidney failure.

CONCLUSION ADPKD is the most common genetic kidney disease worldwide and is
characterized by progressive development of kidney cysts. Patients typically have
hypertension and liver cysts, and 9% to 14% develop intracranial aneurysms. First-line
treatment includes blood pressure control, dietary and weight management, and adequate
hydration. Tolvaptan reduces the rate of eGFR decline for those at high risk of rapid
progression to kidney failure.
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utosomal dominant polycystic kidney disease (ADPKD) is

the most prevalent monogenic kidney disease and the

fourth leading cause of kidney failure worldwide. The
mean age at diagnosis is typically between 27 and 42 years."?
Across predominantly US sequencing databases (123136 whole
exome and 78 280 whole genome sequences), the prevalence of
gene variants causing ADPKD is 9.3 in 10 000.3 However, the esti-
mated number of persons with clinically recognized ADPKD in the
US is 140 000 to 240 000, which is lower than predicted from the
genetic variant prevalence.*> Approximately 50% of individuals
with ADPKD develop kidney failure requiring kidney replacement
therapy by 62 years of age.® Patients with ADPKD may also have
liver and pancreatic cysts’; intracranial® and other vascular aneu-
rysms; aortic root dilatation, pericardial effusion, or cardiac valvular
abnormalities®; abdominal hernias; diverticulosis; and male infertil-
ity. This review focuses on the pathophysiology, clinical presenta-
tion, diagnosis, treatment, and prognosis of ADPKD diagnosed in
adulthood (Box).

Methods

A PubMed review was performed for articles about ADPKD pub-
lished between October 1,1994, and January 20, 2025. In addition,
we reviewed the Kidney Disease Improving Global Outcomes
(KDIGO) clinical practice guideline for the evaluation, manage-
ment, and treatment of ADPKD that was published online on Janu-
ary 20, 2025.'° Of the 193 retrieved articles, 105 were included in
this review, comprising 11 randomized clinical trials, 14 prospective
and 37 retrospective cohort studies, 6 practice guidelines, 16 nar-
rative reviews, 2 cross-sectional studies, 5 meta-analyses, and 14 ge-
netic or physiology studies.

Genetics and Pathophysiology

ADPKD is caused by a single pathogenic genetic variant in PKD1
(78% of screened families), PKD2 (15%)," or one of several minor
genes including IFT140,'> GANAB,"> DNAJBI11,'* ALG9,”” ALG8,'®
ALG5," and NEK8,'® which affect polycystin maturation or function
of primary (nonmobile) cilia. Primary cilia, present on most cells in
the body, sense changes in fluid flow or pressure leading to signal
transduction.’® Impaired primary cilia function in renal tubular epi-
thelium, hepatic bile ducts, and vascular endothelial and smooth
muscle cells likely lead to the characteristic features of ADPKD: kid-
ney and liver cysts and intracranial aneurysms. The proteins
polycystin-1and polycystin-2 encoded by PKD1 and PKD2 genes,
respectively, localize to the primary cilium. Loss of polycystin func-
tion leads to reduced intracellular calcium, increased cyclic adeno-
sine monophosphate (cAMP) signaling, and activation of protein
kinase A, which increases proliferation of cyst cells and cyst fluid
secretion and can cause interstitial inflammation and fibrosis that
lead to cyst formation, destruction of noncystic kidney paren-
chyma, and kidney failure (Figure 1).2°?' Enlarging cysts in the kid-
ney compress the renal vasculature, causing ischemia and chronic
activation of the renin-angiotensin-aldosterone system?? resulting
in hypertension, an independent risk factor for loss of kidney
function.?® Polycystin-1 also affects mitochondrial function,?* shift-
ing energy production from oxidative phosphorylation to
glycolysis.2>2°
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Box. 3 Commonly Asked Questions About Autosomal Dominant
Polycystic Kidney Disease (ADPKD)

What is the role of genetic testing in diagnosing or treating ADPKD?
The diagnosis of ADPKD can be made in patients with bilaterally
enlarged kidneys (length >13 cm) and symmetric cyst distribution
on kidney imaging (ultrasonography, computed tomographic
imaging, or magnetic resonance imaging). However, genetic
testing is helpful to diagnose ADPKD in patients with an atypical
imaging finding or unusual clinical presentation and in those
without a family history of ADPKD. Genetic testing can also help
inform prognosis because the risk of progression to kidney failure
is associated with the specific gene variant causing ADPKD.

What are appropriate first steps after an initial diagnosis of ADPKD?
Patients diagnosed with ADPKD should undergo blood pressure
assessment, blood testing to assess kidney function (serum
creatinine), and urinalysis to evaluate for hematuria and/or
proteinuria and should be referred to a nephrologist. Family
history of kidney failure, hemorrhagic stroke, and intracranial
aneurysm rupture should be obtained. If the diagnosis of ADPKD
was made using kidney ultrasonography, abdominal magnetic
resonance imaging without contrast or a contrast-enhanced
abdominal computed tomographic scan may be helpful to provide
amore accurate measurement of total kidney volume and evaluate
for liver cysts.

What patients are at high risk of early loss of kidney function?

In patients with ADPKD, total kidney volume and genotyping can
help inform the predicted rate of progression to kidney failure.
Patients with the largest height- and age-adjusted total kidney
volume measurements are at highest risk of early kidney failure.
Patients with PKD1 gene variants develop kidney failure at an
earlier age than those with PKD2 gene variants or other pathogenic
gene variants associated with ADPKD.

Kidney Cysts

ADPKD is characterized by numerous bilateral kidney cysts (>10 per
kidney) and kidney enlargement (kidney length >13 cm; reference
range, 10-12 cm in adults) and is distinct from acquired cystic kid-
ney disease, which typically occurs after onset of kidney failure and
is associated with small or atrophic kidneys (<10 cm).?’ Astudy of a
cohort of 1948 potential living kidney donors?® found that the pres-
ence of bilateral kidney cysts in healthy individuals without kidney
disease increased with age, from 2.3% (age 18-49 years) to 11% (age
50-75 years). However, abdominal imaging with incidental find-
ings of multiple bilateral kidney cysts should raise suspicion for
ADPKD (Figure 2).

Liver Cysts

Approximately 90% of patients with ADPKD older than 35 years have
liver cysts. Polycystic liver disease, defined as 10 or more hepatic
fluid-filled cysts,? is typically associated with preserved liver syn-
thetic function and leads to moderate liver enlargement, with height-
adjusted total liver volume of 1000 to 1800 mL/m (reference,
900 mL/m) in 50% of cases and severe enlargement (exceeding
1800 mL/m) in 5.3% of 558 patients.3° In a study of 558 patients
with ADPKD, more than 80% of patients with severe PLD were
female3°; women 16 years and older were more likely than men to
have more than 15 liver cysts.?! Postmenopausal hormone replace-
ment may be associated with increased liver cyst growth in per-
sons with ADPKD. In a study of 19 women with ADPKD, 1year of
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Figure 1. Cellular Pathways in Autosomal Dominant Polycystic Kidney Disease (ADPKD) Pathogenesis
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This figure illustrates the molecular mechanisms implicated in ADPKD that
contribute to various cellular phenomena. Key processes include cell
proliferation, facilitated through various signaling pathways including
mitogen-activated protein kinase (MAPK) activation and fluid secretion via
chloride (CI") channels. Additional mechanisms include mitochondrial

dysfunction and interstitial inflammation. A possible central pathway involves
the augmented production of cyclic adenosine monophosphate (CAMP),
primarily due to increased vasopressin activity that stimulates vasopressin 2
receptors, subsequently activating protein kinase A (PKA). Nrf2, nuclear factor
erythroid 2-related factor 2; TNF, tumor necrosis factor.

estrogen treatment was associated with amean (SD) increase of 7%
(12%) in liver volume, compared with a mean (SD) decrease of 2%
(8%) among 8 women not treated with estrogen (P < .03).32

Intracranial Aneurysms

The prevalence of intracranial aneurysms is 9% to 14%> in indi-
viduals with ADPKD, with higher prevalence rates (21% to 27%) in
those with a family history of intracranial aneurysm or subarach-
noid hemmorhage,* compared with 3.2%8 in an age-matched gen-
eral population. In ADPKD, most intracranial aneurysms are small
(<5 mm) and predominantly located in the anterior circulation, with
15% to 25% of affected individuals having multiple aneurysms.>*
A study that performed systematic screening brain magnetic reso-
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nance angiography (MRA) for 83 patients with ADPKD revealed the
prevalence of intracranial aneurysms was 16.9%, and 6% of pa-
tients required neurosurgical intervention.>® In a cross-sectional
study of a multicenter cohort of 2449 patients in Europe, 44 were
identified as having aneurysms prior to enroliment and an addi-
tional 66 were identified after enrollment through screening those
with a family history of aneurysms, those with at-risk occupations,
or those requesting screening after comprehensive information;
risk factors for an aneurysm were female sex (1.47 fold higher in
females vs males; P = .01), older age (cumulative probability at
age 40 years vs 70 years, 1.3% [95% Cl, Cl, 0.9%-1.7%] vs 8.1%
[95% Cl, 6.5-9.7]).3* and a family history of intracranial aneurysm
or subarachnoid hemorrhage. The risk of intracranial aneurysms
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Figure 2. Diagnostic Algorithm for Evaluating Individuals With Numerous Bilateral Renal Cysts to Guide the Differentiation of ADPKD
From Other Cystic Kidney Diseases
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The thresholds for the minimum number of kidney cysts (each =5 mm in
diameter) necessary for considering a possible autosomal dominant polycystic
kidney disease (ADPKD) diagnosis are based on surpassing the 97.5th percentile
for each age and sex demographic. For males: 2 cysts (ages 18-29 y), 3 cysts
(30-39Yy), 4 cysts (40-49'y), 6 cysts (50-59 y), and 11 cysts (=60 y with at least
5in each kidney). For females: 2 cysts (ages 18-29 y), 3 cysts (30-49y), 4 cysts
(50-59Y), 5 cysts (60-69), and 10 cysts (=70 y with at least 5 in each kidney).

These criteria, derived from contrast-enhanced abdominal computed
tomographic scans of healthy potential kidney donors, are helpful for
identifying possible ADPKD. ADPLD indicates autosomal dominant polycystic
liver disease; ADTKD, autosomal dominant tubulointerstitial kidney disease;
GFR, glomerular filtration rate; OFD1 syndrome, orofaciodigital syndrome
typel.

also increases with higher total kidney volume (TKV; =1000 mL;
odds ratio [OR], 2.81) or Mayo Imaging Class (MIC) 1C, 1D, or 1E (OR,
2.52) and advanced chronic kidney disease (CKD) (CKD stages G3-
G5; OR, 2.31), as described in a series with 94 intracranial aneu-
rysms diagnosed in 519 patients with ADPKD.36

Epidemiology and Clinical Presentation
ADPKD is an autosomal-dominant disease, so children of a parent
with ADPKD have a 50% risk of ADPKD. Although most patients have
aparent with ADPKD, 10% to 25% of families have possible de novo
disease.®” In a cohort of 1044 patients, mean age at diagnosis of
ADPKD was 27 to 33 years and the diagnosis was established in
39.8% of patients during screening of asymptomatic individuals with
a known family history, 14.8% during evaluation for abdominal or
flank pain, 13% were incidentally detected on imaging, 12.7% were
identified during work-up of hypertension, and 7.1% during evalu-
ation of hematuria or urinary tract infection." Inan international pro-
spective cohort study>® of 3400 patients aged 2 to 70 years with
ADPKD of unknown genotype, mean (SD) ages were 34.2 (10.8) years
for patients with estimated glomerular filtration rate (eGFR) greater
than 90 mL/min/1.73 m?, 45.6 (10.7) years for eGFR of 60 to 90 mL/
min/1.73 m?, and 55.3 (9.7) years for eGFR less than 30 mL/min/
1.73 m?. By the mean age of 45 years, 67% had hypertension, 23%
had proteinuria, and 29% had hematuria. Other associated condi-
tions included nephrolithiasis (17.7%).3° urinary tract infection
(27.5%), and abdominal wall hernias (12%).3®

Inastudy of 230 patients with ADPKD, hepatic cysts were pre-
sent on abdominal MR imaging (MRI) in 57% to 60% of patients at
age 15 to 24 years and 93% to 95% at age 35 to 46 years.*° Al-
though many patients with ADPKD do not experience symptoms re-
lated to liver cysts, 38 of 49 patients (77.6%) with polycystic liver
disease had abdominal distention, fullness and discomfort, early
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satiety, back pain, or dyspnea.*' Patients with ADPKD and polycys-
tic liver disease typically have more symptoms associated with in-
creasing liver volume due to cyst growth.*2 In a study of 137 pa-
tients, complications of polycystic liver disease included liver cyst
hemorrhage (14%), cyst infection (6%), cyst rupture (4%), ascites
(4%), portal hypertension (5%), inferior vena cava compression (3%),
and esophageal varices (1.5%).2°

Additional extrarenal manifestations of ADPKD include pancre-
atic cysts (19%),*? bronchiectasis (up to 37%),** seminal vesicle cysts
(up to 40%),” and abdominal wall hernias (10%).” Less commonly,
ADPKD is associated with aortic root or thoracic aortic aneurysms
(0.92%),*” coronary artery dissection (rare),*® mitral valve pro-
lapse (0%-26%).° mitral regurgitation (7.45%),%” primary cardio-
myopathy (8.3%),*® and pericardial effusion (35%).4°

Assessment and Diagnosis

The diagnosis of ADPKD is usually made by evaluation of kidney
imaging, often in consultation with a nephrologist (Figure 2). Bilat-
erally enlarged kidneys (>13 cm or 97.5th percentile for age and sex)
with more than 10 cysts per kidney are diagnostic of likely ADPKD,>°
even in patients without a family history. Age-stratified cyst num-
ber criteria in those with a family history of ADPKD allow a clinical
diagnosis without genotyping (Figure 2). For example, an ultraso-
nography-based total kidney cyst count of more than 3ina 31-year-
old individual with a family history of ADPKD has a positive predic-
tive value of 94.7% for the diagnosis of ADPKD, compared with the
criterion standard of genotyping. For patients 30 years or younger
with a family history of ADPKD who are being evaluated for ADPKD,
MRI is preferred over ultrasonography due to its superior resolu-
tion for detecting smaller cysts. In patients with family history of
ADPKD aged 16 to 40 years, detection of a total of 10 kidney cysts
ormore on MRI has a sensitivity and specificity of 100% to diagnose

jama.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.0310

A Review of Autosomal Dominant Polycystic Kidney Disease

ADPKD, compared with a confirmed genetic diagnosis. Conversely,
presence of 5 or fewer cysts on MRIin patients aged 16 to 40 years
with a family history of ADPKD effectively rules out the disease.”
Genetic testing of the familial disease-causing variant in a young
(<40y) at-risk individual can also provide a definitive diagnosis.>?

Individuals with incidentally detected multiple kidney cysts who
have atypical imaging findings, such as unilateral, asymmetric, seg-
mental, lopsided cysts or bilateral cysts with unilateral or bilateral
kidney atrophy®? or other features inconsistent with ADPKD, such
as liver fibrosis, benefit from genetic testing to obtain a definitive
diagnosis (Figure 2).>* Although genetic testing is not necessary to
diagnose ADPKD, particularly in a patient with a family history and
classicimaging findings, it is now more commonly offered because
genetic testing has become more affordable and reliable. A tar-
geted polycystic kidney disease or kidney gene panel or analysis of
these genes in whole exome or whole genome sequencing are com-
mon testing approaches.>*

Risk of Decline in Kidney Function
From 30 to 40 years of age, the annual decline in eGFR among pa-
tients with ADPKD ranges from 0.63 to 4.65 mL/min/1.73 m2.>> Kid-
ney growth in ADPKD also varies widely, with annual TKV growth
rates ranging from 1.5% to more than 20%.* Kidney enlargement
due to cyst development and growth starts at birth. However, kid-
ney function typically remains stable until the TKV is greater than
1500 mL,>® at which point kidney function declines. TKV contin-
ues to increase until kidney replacement therapy is required.>” For
individuals with ADPKD younger than 45 years and a creatinine clear-
ance greater than 70 mL/min/1.73 m?, kidney length on ultrasonog-
raphy of 16.5 cm or greater predicts the development of stage 3 CKD
within 8 years.>®

Overweight and obesity are also associated with increased TKV
growth and eGFR decline. In a phase 3 study of patients with ADPKD,
670 with a BMI of 18.5 to 24.9 (healthy weight), 429 with a BMI of
25t029.9 (overweight), and 213 with a BMI of 30 or greater (obese),
overweight and obesity were associated with 1.52- and 2.91-fold
greater TKV growth over 3 years, respectively.> A cohort study of
441 patients with early ADPKD reported each 5-unit increase in BMI
was associated with an eGFR decline of 1.71mL/min/1.73 m? over 60
months (P =.03).%°

Preferred imaging for TKV includes abdominal MRI with or with-
out intravenous gadolinium or contrast-enhanced abdominal com-
puted tomographic imaging. Ultrasonography measurements un-
derestimate TKV by 9% to 11% compared with MRI measurements.®’
MIC stratifies patients with ADPKD who have symmetric, bilater-
ally enlarged kidneys with uniform distribution of cystsinto 5 imaging
classes based on age- and height-adjusted TKV. Each class is de-
fined by a theoretical growth rate from a baseline height-adjusted
volume of 150 mL/m: 1A (<1.5% growth/y), 1B (1.5%-3%), 1C (3%-
4.5%), 1D (4.5%-6%), and 1E (>6%). Transitions between adjacent
MICs were observed in 11.5% to 15.6% of 538 patients over a 7-year
follow-up period.>® Asingleimaging scanis typically sufficient to es-
tablish the MIC class, unless the patient's height-adjusted TKV is be-
tween MIC 1B and 1C, which is the threshold for specific medical
therapies such as tolvaptan (see below).

Approximately 50% of patients with ADPKD require kidney re-
placement therapy by 62 years of age.® Persons with MIC1C, 1D, and
1E are at high risk of early kidney failure, with mean (SD) ages of kid-
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ney replacement therapy of 58.4 (7.9) years, 52.5 (8.6) years, and
434 (7.0) years, respectively.®? Presence of the PKDT gene is asso-
ciated with more severe kidney disease than PKD2 (mean age re-
quiring kidney replacement therapy, 58.0 vs 74.8 years).® The Prog-
nosis of Polycystic Kidney Disease (PROPKD) score incorporates
APKD genotype, sex, and 2 clinical risk factors (hypertension and a
urologic complication, such as gross hematuria, flank pain, or kid-
ney cystinfection, before 35 years of age). The median age of kidney
failure onset for those with a PROPKD score of more than 6 is 49
years and those with a score of more than 6 have a 91% probability
of kidney failure by 60 years of age.®®

Approximately 30% to 36% of patients with ADPKD are clas-
sified at low risk of progression,>® including those with MIC1A or 1B,>3
those with atypical features (focal cystic disease, MIC 2A),** and
those with a PROPKD score less than 4.6 The median age of devel-
opment of kidney failure in patients with MIC 1B is 71.2 years.® Pa-
tients predicted to have slow progression based on MIC or PROPKD
score who develop rapid or early loss of kidney function should be
evaluated for other causes of kidney disease.?

Treatment

All patients with ADPKD benefit from dietary modifications,®® ad-
equate hydration, and weight and blood pressure control to pre-
serve kidney function (Table 1). Patients should follow a low-salt diet
(2.0 g or 90 mEq of sodium daily).® In an observational cohort of
589 patients with baseline mean saltintake of 9.1g per day, each 1-g
of salt intake increase correlated with an annual eGFR decrease of
0.11 mL/min/m2.”! Because ADPKD is associated with uric acid and
calcium oxalate kidney stones, daily water intake of 2.5 L is
recommended.’® A randomized clinical trial of 184 patients with
ADPKD did not demonstrate additional benefit in slowing TKV
growthinthose randomized to receive increased oral fluid intake to
maintain a urine osmolarity of 270 mL/kg vs ad libitum water intake.”

Hypertension Treatment

Angiotensin-converting enzyme inhibitors or angiotensin receptor
antagonists were recommended as first-line treatment for hyper-
tension in ADPKD by KDIGO guidelines in 2025.'° The recommen-
dation for asystolic BP less than 120 mm Hg for patients with ADPKD
older than 50 years or with an eGFR less than 60 mL/min/1.73 m?
was based on CKD management guidelines.®® The recommenda-
tion of a BP goal of less than or equal to 110/75 mm Hg for patients
with ADPKD younger than 50 years with eGFR greater than 60 mL/
min was based on the HALT-PKD study, which included 558 pa-
tients with early-stage ADPKD (mean age, 36 years; mean baseline
BP, 125/79 mm Hg; mean eGFR, 90-93 mL/min/1.73 m?).”® Patients
randomized to alower BP target (95/60 to 110/75 mm Hg) vs a higher
BPtarget (120/70 to 130/80 mm Hg) with either lisinopril and telmis-
artan or lisinopril and placebo had smaller increases in TKV (5.6%
vs 6.6%; P = .006) and significant decreases in urinary albumin
(3.77% Vs 2.43%; P < .001).”® However, symptoms of dizziness and
lightheadedness were more common in the low BP group (80.7%
vs 69.4%; P = .002).”

Tolvaptan

Patients at high risk for rapid eGFR decline (MIC 1C, 1D, or 1E
or PROPKD score >6) may benefit from tolvaptan, a vasopressin
(V2)-receptor antagonist that reduces cAMP-mediated cyst
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Table 1. Current Clinical Practice Recommendations and Available Therapies for Kidney-Related Manifestations in ADPKD

Treatment

Indication, benefits, and risks

Recommended practice guidance

Adverse effects

Disease-modifying treatment

Tolvaptan®®

Adults with ADPKD at risk of rapid
progression (MIC 1C, 1D, or, 1E or eGFR
decline 23 mL/min/y)

Benefits: reduces GFR decline by 30%
and may delay kidney failure onset
Risks: aquaresis, potential liver injury
(requires LFT monitoring)

Age 18-55y: GFR 225 mL/min/1.73 m?,
with MIC 1C-1E

Age 56-65 y°7: CKD G3 or G4, eGFR decline
23 mL/min/y, and MIC 1C-1E

Starting dose: 45 mg in the morning, 15 mg
in the afternoon, titrate to tolerability

Monitor liver function monthly
(first 18 mo), then quarterly

Long-term treatment until kidney failure®®

Thirst: 4%-55%
Polyuria: 5%-38%
Nocturia: 5%-29%
Polydipsia: 2%-10%
Hypernatremia: 1%-4%

Increased liver enzymes (alanine
transaminase >2.5-fold ULN): 1%-6%;
reversible after stopping tolvaptan

Optimized basic management

Blood pressure control®

Weight management®®

Lifestyle, dietary changes,
and other CKD
management®°-6°

Severe flank pain”°®

Urinary stone disease>°

All patients with BP >130/85 mm Hg

Benefits: decrease cardiovascular
complications, prevent worsening kidney
function

Risks: dizziness, adverse effects related
to antihypertensives, increased pill
burden

Patients with BMI >25

Patients with overweight or obesity have
faster TKV growth and eGFR decline

Benefit: weight loss associated with
slower TKV rate of growth

Risks/safety: requires medical
supervision and dietitian consultation

All patients with ADPKD

Benefit: reducing osmolar intake and
increased hydration can suppress
vasopressin, which plays a central role
in ADPKD pathophysiology

Evaluate pain in all patients: assess
eligibility for interventions; refer to
centers of expertise

Benefits of interventions: pain control

Risks: failure to reduce pain;
intervention-specific risks

Evaluate risk factors and complications,
particularly if acute pain or recurrent
stones

Target BP <110/75 mm Hg for patients
18-49 y with CKD G1-G2

SBP target of <120 mm Hg if 250 y

First-line treatment option: ACEls or ARBs;
second-line options: a and B dual blocker,
B-blockers, diuretics (if not on tolvaptan),
dihydropyridine calcium channel blockers
Reduce dietary sodium (<2.0 g/d)

Target or maintain BMI <25

Restrict caloric intake by 30% or
intermittent fasting and time-restricted
eating (long-term efficacy and safety

to be determined)

Sodium restriction <2.0 g/d (<5 g salt/d)
Hydration: target morning urine osmolality
<280 mOsm/kg by drinking >2.5 L of
water/d

Physical activity: >150 min per wk
Lifestyle: avoid tobacco, limit alcohol to
<1 drink/d for women and <2/d for men
Phosphate restriction: moderate

(800 mg/d)

Bicarbonate levels: target >22 mEq/L
Protein intake: 0.8-1.0 g/kg of ideal body
weight, not exceeding 1.3 g/kg/d

Assess for other kidney processes if acute
drop in GFR

Cyst aspiration with sclerosing agent,
surgical fenestration, spinal cord
stimulation, celiac plexus block, renal
denervation, nephrectomy

Hydration: fluid intake >2.5 L/d unless
contraindicated

Medications: potassium citrate if
hypocitraturia or uric acid stones

Lifestyle: control weight, diabetes, and
metabolic syndrome

Urology referral

ACEI: hyperkalemia (1.8%); angioedema
(<1%), cough (up to 11%)

ARB: hyperkalemia (4%)

Dihydropyridine calcium channel blockers:
limb edema (10%)

Dual a/B blockers: bradycardia,
bronchospasm, diarrhea (2%-12%), fatigue
(24%), hyperglycemia (5%-12%)

Caloric restriction: no major concerns;
monitor for anemia, bone loss

Intermittent fasting: fatigue, cold
intolerance, irritability, insomnia

Ketogenic diet: hypercholesteremia (17%),
increased risk of uric acid stones

Cyst aspiration with sodium tetradecyl
sulfate sclerotherapy: hematoma (<1%),
hematuria (1%), pain (6%), infection (3%)

Nephrectomy complications: hemorrhage,
infection, pneumonia, wound infection,
bowel perforation

Hydration: risk of hyponatremia if excessive

Potassium citrate: gastrointestinal upset,
hyperkalemia, particularly if combined
with amiloride

E6

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ADPKD,
autosomal dominant polycystic kidney disease; ARB, angiotensin Il receptor
blocker; BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); CKD, chronic kidney disease; eGFR, estimated

glomerular filtration rate; LFT, liver function test; LDL, low-density lipoprotein;
MIC, Mayo Imaging Classification; SBP, systolic blood pressure; ULN, upper limit
of normal.

fluid secretion and cell proliferation (Figure 3).”* A study of 1445
patients with ADPKD aged 18 to 50 years with a TKV greater
than 750 mL and an estimated creatinine clearance greater than
60 mL/min reported that, compared with placebo, those random-
ized to receive tolvaptan at the highest tolerable dose (45 mg/15 mg,
60 mg/30 mg, or 90 mg/30 mg) for 3 years had lower TKV yearly
growth (2.8% vs 5.5% in the placebo group; P < .001) and a slower
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declinein kidney function (difference of 0.98 ml/min/1.73 m? per year
compared with placebo; P < .001).”> Another trial of 1370 pa-
tients with ADPKD aged 18 to 55 years with an eGFR of 25 to
65 mL/min/1.73 m? or aged 56 to 65 years with an eGFR of 25 to
44 mL/min/1.73 m? reported that those treated with tolvaptan for 1
year had a1.27 mL/min/1.73 m? slower decrease of eGFR compared
with placebo (P < .001).7¢
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Figure 3. Risk Stratification for Patients With Autosomal Dominant Polycystic Kidney Disease (ADPKD)

[ Confirmed autosomal dominant polycystic kidney disease diagnosis by imaging or genotyping }

v

Risk stratification based on abdominal imaging and clinical parameters
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* Control blood pressure to <120 mm Hg
+Engage in regular physical activity

* Restrict salt intake to <2000 mg/d

+ Maintain serum bicarbonate = 22 mEq/L
* Avoid smoking cigarettes

Basic optimized management for all patients with ADPKD

- Increase hydration to >2.5 L/d

*Implement dietary restrictions

* Control cholesterol

+Maintain healthy BMI of 18.5-24.9

+ Other CKD care (eg, electrolytes, anemia, and

CKD mineral and bone disorder management)

Review Clinical Review & Education

2The Mayo Imaging Classification
(MIC), which adjusts total kidney
volume based on age and height.

5The PROPKD score, a scoring system
that incorporates the PKD genotype,
sex, and clinical complications—
assigning 1 point for males, 2 points
for hypertension onset before age 35
years, 2 points for cyst bleeding or
infection before age 35 years, 2
points if a nontruncating pathogenic
variant of PKD1is present, and 4
points for a truncating pathogenic
variant of PKD1. Additional risk
stratification approaches include
analysis based on the PKD genotype
alone or the annual rate of glomerular
filtration rate (GFR) decline. BMI

indicates body mass index.

Pooled analyses of 8 clinical trials of tolvaptan and 5 cohort stud-
ies in which patients did not receive tolvaptan showed a sustained
benefit of tolvaptan over 5.5 years of treatment,”” with an extrapo-
lated cumulative delay in the onset of end-stage kidney disease of
1.5 to 7 years,®® depending on kidney function at treatment initia-
tion. Tolvaptan may benefit patients aged 56 to 65 years with CKD
stage G3 or G4 and eGFR decline greater than 3 mL/min/1.73 m? per
year.®” Benefit continues for patients with an eGFR of 15t0 29 tomL/
min/1.73 m2.58 Excessive thirst (55%), polyuria (38%), nocturia
(29%), and increased urinary frequency (23%) are common ad-
verse effects of tolvaptan,” leading to a discontinuation rate of 15.4%
vs 5.0% in the placebo group. Because approximately 5% of pa-
tients treated with tolvaptan develop abnormalities on liver func-
tion test results,”” a Risk Evaluation and Mitigation Strategy is man-
dated in the US, consisting of routine monitoring of liver function
tests prior to initiation of tolvaptan, at 2 and 4 weeks, monthly for
18 months, and then every 3 months while taking tolvaptan. This
monitoring has resulted inalow risk (0.9%) of severe liver injury with
tolvaptan.”® Chronic use of a diuretic was not permitted in the
tolvaptan trials,”>7® thus diuretics should be avoided in patients tak-
ing tolvaptan. The role of hydrochlorothiazide in decreasing treat-
ment-associated polyuria in patients with ADPKD taking tolvaptan
is currently being investigated.”®

Dialysis, Nephrectomy, and Kidney Transplant

Patients with ADPKD who have stage 45 CKD (eGFR of 15-20 mL/
min/1.73 m?) should be referred for dialysis and/or kidney trans-
plant evaluation, with transplant prior to dialysis initiation pre-
ferredif feasible, consistent with guidelines for CKD.%° A study from
2000-2018 thatincluded 41485 patientsin the US with ADPKD re-
ported that at the time of the first need for kidney replacement
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therapy, 63% to 80% of patients started hemodialysis, 15% to 18%
started peritoneal dialysis, and 5% to 19% underwent transplant.&°
ADPKD does not recur in transplanted kidneys. In a retrospective
study from alarge single transplant center in the UK, among 126 pa-
tients with ADPKD, median dialysis-free survival was 18.2 years and
the rate of transplant failure or death was 2.5% per year.®' After kid-
ney transplant, ongoing surveillance of patients with ADPKD for in-
tracranial aneurysm, symptomatic liver enlargement and cardiac
complications is necessary. Unilateral or bilateral nephrectomy may
be performed for patients with ADPKD and kidney failure who have
recurrent kidney infections, bleeding from ruptured cysts, intrac-
table abdominal pain, or massively enlarged kidneys that do not al-
low space for placement of a donor kidney.52

Hepatic Cyst Aspiration, Sclerotherapy, Somatostatins, and
Liver Transplant

Treatment options for symptomatic ADPKD-associated hepato-
megaly include cyst aspiration and sclerotherapy (17%-19% reduc-
tionin liver volume),® partial liver resection®* (Figure 4), and treat-
ment with somatostatin analogs®>-8” (Table 2). Somatostatin
analogs, such as long-acting octreotide, inhibit secretin-induced
cAMP-mediated fluid secretion in cholangiocytes®® and lower insulin-
like growth factor levels.°© A meta-analysis of 7 randomized clini-
cal trials including 652 patients with polycystic kidney and liver dis-
ease reported that long-acting octreotide or lanreotide decreased
the TLV growth rate by 6.37% compared with control (mean differ-
ence, -3.66% [95% Cl, -5.35% to -1.97%]; P < .001), without re-
ducing eGFR decline.®” Liver transplant for patients with ADPKD and
polycystic liver disease is reserved for those with severe portal hy-
pertension, hepatic decompensation, malnutrition, or severe
sarcopenia,”' and accounted for 1.4% (51/3560) of liver transplants
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Figure 4. Radiological Images of ADPKD With Severe Polycystic Kidney
and Liver Disease

This figure displays radiological images from a 49-year-old female diagnosed
with autosomal dominant polycystic kidney disease (ADPKD) and severe
polycystic liver disease, attributed to a PKDI-truncating pathogenic variant.
The patient's estimated glomerular filtration rate (eGFR) is 19 mL/min/1.73 m2.
Magnetic resonance imaging (A, B, C) demonstrate a total kidney

volume of 3220 mL and a Mayo Imaging Classification of 1D. The total liver
volume measures 5581 mL. Gross images of the excised cystic liver (D)

and kidney (E) show a kidney length of 30 cm. Images courtesy of

Fouad Chebib, MD (Mayo Clinic).

at 2 large transplant centers in Canada.®2 Although there are cur-
rently no published randomized clinical trials of hormonal treat-
ments on liver cyst growth, astudy of antiestrogen therapy and liver
cyst growth is ongoing.®3 Use of hormone-containing birth control
or hormone replacement therapy should be avoided in women at
high risk of developing symptomatic hepatomegaly due to rapid liver
cyst growth®* or established hepatomegaly (height-adjusted TLV
>1000 mL/m).3°

Treatment of Intracranial Aneurysms

Management options for identified intracranial aneurysms include
observation, endovascular coiling, microsurgical clipping, stent-
supported coiling, and flow-diverter therapy. Treatment decisions
should be individualized based on aneurysm size, location, and like-
lihood of rupture® (Table 2). The complication rate for endovascu-
lar repair of intracranial aneurysms is low (4%-6%); however, this
rate may exceed the likelihood of rupture of an untreated aneu-
rysm, particularly for small asymptomatic intracranial aneurysms that
tend to have slow or no growth. 88
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Symptom Management
Some patients with ADPKD have substantial abdominal or flank
pain and discomfort from enlarging kidney or liver cysts. In a
2-round Delphi survey involving 1014 participants (60% were
patients or caregivers), kidney cyst-related pain was identified as
the most important patient-reported outcome, with almost all
patients considering it critically important or important.®®
Consensus-based KDIGO recommendations for conservative pain
management include nonpharmacologic approaches, such as heat,
light exercise, ice massage, and medications including acetamino-
phen (no increased risk of toxicity with liver cysts), tricyclic antide-
pressants, and gabapentin, and avoidance of NSAIDs.'° In select
patients with severe pain, celiac plexus nerve block or renal dener-
vation may be considered.”®

For some patients with ADPKD and large cysts, aspiration
coupled with injection of a foaming and sclerosing agent, such as so-
dium tetradecyl sulfate,®” or surgical cyst fenestration may provide
pain relief. Ina prospective cohort study of 66 patients with ADPKD,
foam sclerotherapy was associated with reduced pain in 70% of pa-
tients and a decrease in TKV of 21.8% (median [IQR] TKV, 1138 [801-
1582] mL before sclerotherapy vs 891[548-1450] mL after sclero-
therapy; P < .001) in the treated kidney vs a 3.4% increase the
untreated kidney at 13 months of follow-up.®” Cyst fenestration,
which involves combined surgical deroofing and aspiration, pro-
vided symptom relief in 92% (286/311) of patients, but was associ-
ated with adverse effects including ascites, pleural effusion, bleed-
ing, bile leak (23%), and mortality (2%).54

Screening for Intracranial Aneurysms

The American Heart Association/American Stroke Association rec-
ommends screening with brain MRA or computed tomography an-
giography for adults with ADPKD, particularly those with a family his-
tory of intracranial aneurysms. However, negative screening by
computed tomography angiography or MRA does not exclude de-
velopment and rupture of a subsequent de novo aneurysm. KDIGO
suggests tailoring screening recommendations to individual pa-
tients with ADPKD, considering factors such as family history, tim-
ing relative to major surgery such as a kidney transplant, patient oc-
cupation, and personal preferences.'®

Prognosis
A study using US Renal Data System data from 2014 to 2016 re-
ported that all-cause mortality among 1936 patients with ADPKD and
non-ESRD CKD was approximately 18.4 deaths per 1000 patient-
years, compared with 37.4 deaths per 1000 patient-years among
37 461 patients with ADPKD and ESRD.°® However, ADPKD-
related ESRD mortality in patients 65 years and older (99.8 per 1000
patient-years) was lower than the general ESRD mortality in the US
(216 per 1000 patient-years).®

In a retrospective analysis of 812 participants, among 75 (9%)
with ADPKD with an intracranial aneurysm detected on presymp-
tomatic screening over a median follow-up of 9 years, intracranial
aneurysms remained stable in 83% (62/75), increased in size with-
out rupturing in 10.6% (8/75), and new aneurysms formed in 6.7%
(5/75) or ruptured after prior negative imagingin 0.27% (2/737).°°
Intracranial aneurysm rupture in patients with ADPKD occurs at a
median age of 41 years, which is 11 years younger than in the gen-
eral population.3*
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Table 2. Current Clinical Practice Recommendations and Available Therapies for Extrarenal Manifestations in ADPKD

Indication, benefits, and risks Adverse effects

Management of extrarenal manifestations

Recommended practice guidance

Intracranial aneurysm
(lA)33

Inform patients about IA prevalence
and the risks/benefits of screening

Screening: every 5y for high-risk
patients (family history of
subarachnoid hemorrhage, IA,

or sudden death)

If 1A detected, refer to multidisciplinary team

Immediate emergency department visit if
thunderclap headache

Strict BP control (<100/75 mm Hg), smoking
cessation, limit alcohol, avoid stimulant

Surgical vs endovascular treatment (no
prior subarachnoid hemorrhage):
morbidity and mortality: 10.1% vs 7.1%58

medications
Mild-moderate polycystic  Evaluate liver cysts and symptoms Asymptomatic PLD: usually no treatment is Cyst aspiration and sclerotherapy: pain
liver disease (PLD)>° PLD defined as >10 liver cysts needed with procedure, cyst regrowth, variable
Symptomatic PLD: treatment to improve quality ~ SYMPtom improvement
of life

Aspiration sclerotherapy: reduce liver volume by
17%-19%23; 41% of patients achieve partial/full

regression and 36% experience recurrence®*

Severe PLD Defined as height-adjusted total liver
volume >1800 mL/m with severe

symptoms

Somatostatin analogue (eg, long-acting
octreotide): reduce liver growth and symptoms®®

Partial hepatectomy with cyst fenestration
Liver or combined liver-kidney transplant

Somatostatin analogue: hyperglycemia
(pasireotide), abdominal cramping,
diarrhea, bradycardia, cholelithiasis

Hepatic resection: ascites, pleural
effusion, bile leak, hemorrhage®*

Transarterial embolization

Liver transplant: 30 d mortality, 3%; 1-y
survival, 93%; 5-y survival, 92%%*

Screening of Family Members

Asymptomatic at-risk family members, such as children of an af-
fected parent, can delay screening for ADPKD until early adult-
hood evenif affected relatives have high-risk features such as early-
onset kidney failure. However, individuals at risk of ADPKD, including
those younger than 18 years, should have regular blood pressure
screening because hypertension occurs in 20%'°° to 31%'°" of af-
fected children and adolescents. Although a new diagnosis of a ge-
netic condition does not currently affect medical insurance eligibil-
ity in the US, it may affect future employment, life insurance, and
disability insurance coverage'?; therefore, screening is some-
times deferred. Screening may also be performed in a young asymp-
tomatic family member who is considering donating a kidney to an
affected relative. Screening for ADPKD may be performed by ab-
dominal ultrasonography for those older than 40 years. Abdomi-
nal MRI or genetic testing may be used in younger individuals.>?

Pregnancy

Pregnant individuals with ADPKD have similar live birth rates as the
general population,’® but higher rates of new-onset hypertension
(16% vs 6%), worsening of preexisting hypertension (7% vs 1%), in-
creased peripheral edema (25% vs 15%), and higher rates of pre-
eclampsia (11% vs 4%) during pregnancy compared with individu-
als without ADPKD.'°* Individuals with ADPKD can undergo
preimplant genetic testing performed after in vitro fertilization to
select embryos for implantation that do not carry the ADPKD ge-
netic variant.'°>
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Practical Considerations and Application of Evidence

All patients with ADPKD should be treated by a kidney specialist and
engage in shared decision-making about genetic testing, disease-
modifying treatments, frequency of eGFR measurements and
imaging, and intracranial aneurysm screening. Persons with ADPKD
should be informed that ruptured intracranial aneurysms may pre-
sent with thunderclap headaches, characterized by sudden, se-
vere onset that reach maximum intensity within seconds to a min-
ute and require emergency medical attention.'®

Limitations

This review has limitations. First, the quality of the literature in-
cluded was not formally evaluated. Second, some relevant studies
may have been missed. Third, due to the limited number of random-
ized clinical studies on ADPKD, data were often derived from pooled
results of clinical practice instead of clinical trials.

. |
Conclusions

ADPKD is the most common genetic kidney disease worldwide and
is characterized by progressive development of kidney cysts. Pa-
tients typically have hypertension and liver cysts, and 9% to 14% de-
velop intracranial aneurysms. First-line treatment includes blood
pressure control, dietary and weight management, and adequate
hydration. Tolvaptan reduces the rate of eGFR decline for those at
high risk of rapid progression to kidney failure.
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