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Autosomal Dominant Polycystic Autosomal Dominant Polycystic 
Kidney Disease (ADPKD)Kidney Disease (ADPKD)

•• Hereditary systemic disorderHereditary systemic disorder
•• Bilateral kidney cystsBilateral kidney cysts
•• Progressive loss of function leading to kidney Progressive loss of function leading to kidney 

failure (need for dialysis or transplant) in failure (need for dialysis or transplant) in 
~50% of patients by 50s~50% of patients by 50s--60s60s

•• Effects on other organsEffects on other organs
––CystsCysts
––Connective tissue abnormalitiesConnective tissue abnormalities

Epidemiology of ADPKDEpidemiology of ADPKD

•• Frequency:  1/500 to 1/1000Frequency:  1/500 to 1/1000
•• Affects ~600,000 in USAAffects ~600,000 in USA
•• Most common genetic kidney diseaseMost common genetic kidney disease
•• Accounts for 8 to 10% of patients on Accounts for 8 to 10% of patients on 

dialysisdialysis
•• Direct medical costs exceed $1.5 Direct medical costs exceed $1.5 

billion/yearbillion/year

O.Z. O.Z. DalgaardDalgaard, , ActaActa Med Scand, 1957Med Scand, 1957

•• The disease of polycystic kidneys in The disease of polycystic kidneys in 
adults is adults is homochronoushomochronous, that is, the , that is, the 
malformation first shows signs or malformation first shows signs or 
symptoms after the age of 30symptoms after the age of 30--40, and 40, and 
progresses mercilessly with greater or progresses mercilessly with greater or 
lesser rapidity.  The genetically lesser rapidity.  The genetically 
determined disease process is latent for determined disease process is latent for 
many years, and then becomes manifest in many years, and then becomes manifest in 
a kidney tissue which has apparently a kidney tissue which has apparently 
developed and functioned normally.developed and functioned normally.

The Kidneys in ADPKDThe Kidneys in ADPKD

•• Cysts throughout both kidneysCysts throughout both kidneys
•• Painful, enlarged kidneysPainful, enlarged kidneys
•• Progressive loss of kidney functionProgressive loss of kidney function
•• High blood pressure (increased activity High blood pressure (increased activity 

of kidney hormones of kidney hormones reninrenin--angiotensinangiotensin))
•• Blood in the urine (Blood in the urine (hematuriahematuria))
•• Cyst infection; Cyst infection; pyelonephritispyelonephritis
•• Kidney stonesKidney stones
•• Impaired concentrating abilityImpaired concentrating ability



ADPKD is a Slowly Progressive Kidney ADPKD is a Slowly Progressive Kidney 
DiseaseDisease

•• Filtration (GFR) stable for many years; more Filtration (GFR) stable for many years; more 
rapid decline after 50% of function is lostrapid decline after 50% of function is lost
Males 5 Males 5 -- 6 ml/min/year; Females 4 6 ml/min/year; Females 4 -- 5 ml/min/year5 ml/min/year

•• Polycystic kidneys grow continuouslyPolycystic kidneys grow continuously
•• 50% of patients require dialysis/transplant by 50% of patients require dialysis/transplant by 

age 60 age 60 

Consortium for Consortium for RadiologicRadiologic Imaging Studies of Imaging Studies of 
Polycystic Kidney Disease (CRISP)Polycystic Kidney Disease (CRISP)

•• Observational trial to determine how to assess Observational trial to determine how to assess 
changes in polycystic kidneys over a relatively changes in polycystic kidneys over a relatively 
short period of time (3 years)short period of time (3 years)

•• 232 subjects with 232 subjects with ‘‘normalnormal’’ kidney function kidney function 
(GFR>70) (GFR>70) 

•• Emory; U. of Alabama; Kansas University; Mayo Emory; U. of Alabama; Kansas University; Mayo 
Kidney International, 64: 1035Kidney International, 64: 1035––1045, 20031045, 2003
Kidney International, 64: 2214Kidney International, 64: 2214––2221, 20032221, 2003

CRISP ResultsCRISP Results

•• Total Kidney Volume (TKV)Total Kidney Volume (TKV) increased over the threeincreased over the three--year interval year interval 
+204 ml +204 ml ±± 246 (n= 214, P< .001) and 246 (n= 214, P< .001) and Total Cyst Volume (TCV)Total Cyst Volume (TCV)
increased +218 ml increased +218 ml ±± 263 (n= 210, P < .001). 263 (n= 210, P < .001). 

•• There was a direct correlation (r=0.95, P < .001) between the raThere was a direct correlation (r=0.95, P < .001) between the rate of te of 
change in TKV and the rate of change in TCV. change in TKV and the rate of change in TCV. 

•• the rates of volume increase, determined from the annual the rates of volume increase, determined from the annual 
measurements of measurements of TKVTKV, were not different between left (5.1%/year , were not different between left (5.1%/year ±±
4.5) and right (5.4 %/year 4.5) and right (5.4 %/year ±± 4.4) kidneys.4.4) kidneys.

•• GlomerularGlomerular filtration rate (GFR) declined by filtration rate (GFR) declined by 4.33 4.33 ±± 8.07 ml/min/year8.07 ml/min/year, , 
only in those with the largest kidneys (>1500 milliliters).only in those with the largest kidneys (>1500 milliliters).

New England J. of Medicine 354(20):2122New England J. of Medicine 354(20):2122--3030

Total Kidney Volume Total Cyst Volume

The difference between TKV and TCV (non-cyst volume, NCV), was 540.1 ml ± 179.8.
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This concept of progression of ADPKD has been validated!  We 
now have a research tool to determine the progression of cystic 
kidney disease over a relatively short time period

High Blood Pressure in ADPKDHigh Blood Pressure in ADPKD

•• Associated with activation of the kidney Associated with activation of the kidney 
hormones hormones reninrenin and angiotensinand angiotensin

•• Correlated with the degree of structural Correlated with the degree of structural 
damagedamage

•• 66% of males, 41% of females pre66% of males, 41% of females pre--ESRDESRD
•• Most patients with ESRDMost patients with ESRD
•• Associated with enlargement of the heart Associated with enlargement of the heart 

muscle (left ventricular hypertrophy)muscle (left ventricular hypertrophy)



HematuriaHematuria in ADPKDin ADPKD
•• Bloody urine:  microscopic or gross (visible)Bloody urine:  microscopic or gross (visible)
•• Affects up to 40% of patientsAffects up to 40% of patients
•• SymptomsSymptoms

painlesspainless
pain in abdomen, back or flankpain in abdomen, back or flank

•• CauseCause
kidney stone, infection, cyst wall rupture, tumorkidney stone, infection, cyst wall rupture, tumor

•• TreatmentTreatment
hydration, pain control, diagnosishydration, pain control, diagnosis
blood transfusion; blood transfusion; transcathetertranscatheter embolizatonembolizaton

•• Gross Gross hematuriahematuria before age 30 associated with before age 30 associated with 
increased risk of progressionincreased risk of progression

Kidney Cyst Infection in ADPKDKidney Cyst Infection in ADPKD
•• Associated with fever, pain in kidney (back or Associated with fever, pain in kidney (back or 

abdomen) abdomen) 
•• Distinguish from bladder infectionDistinguish from bladder infection
•• Fat soluble antibiotics such as ciprofloxacin, Fat soluble antibiotics such as ciprofloxacin, 

norfloxacinnorfloxacin, , trimethoprimtrimethoprim, , chloramphenicolchloramphenicol for for 
long course of treatmentlong course of treatment

•• PercutaneousPercutaneous (needle placed through the skin) or (needle placed through the skin) or 
surgical drainage is optional; only for refractory surgical drainage is optional; only for refractory 
infectioninfection

•• Nephrectomy (removing kidney) is a last resort in Nephrectomy (removing kidney) is a last resort in 
lifelife--threatening infectionthreatening infection

Kidney Stones in ADPKDKidney Stones in ADPKD
•• Occur in ~20% of patientsOccur in ~20% of patients
•• Uric acid and/or calcium oxalateUric acid and/or calcium oxalate
•• Diagnosis:  more difficult due to distorted Diagnosis:  more difficult due to distorted 

anatomyanatomy
–– Intravenous Intravenous pyelogrampyelogram (IVP)(IVP)
––CT scan most sensitive for small stonesCT scan most sensitive for small stones

•• Prevention and Treatment: same as Prevention and Treatment: same as nonADPKDnonADPKD
–– Increased hydrationIncreased hydration
––Correction of metabolic factorsCorrection of metabolic factors
––Stone removal or lithotripsyStone removal or lithotripsy
––Retained stone fragments more likelyRetained stone fragments more likely

Diagnosis of ADPKDDiagnosis of ADPKD

•• Family history of cystic renal disease Family history of cystic renal disease 
(found in 60% of patients; up to 90(found in 60% of patients; up to 90--95% 95% 
after ultrasound screening of relatives)after ultrasound screening of relatives)

•• Multiple bilateral renal cysts by Multiple bilateral renal cysts by 
ultrasound, CT, or MRIultrasound, CT, or MRI

•• DNADNA--based diagnosis: direct DNA based diagnosis: direct DNA 
sequencingsequencing

Kidney Ultrasound in ADPKDKidney Ultrasound in ADPKD CT Scan in ADPKDCT Scan in ADPKD



Ultrasound Diagnosis of Ultrasound Diagnosis of 
ADPKDADPKD

•• Multiple bilateral renal cystsMultiple bilateral renal cysts
•• Age and genotype dependentAge and genotype dependent

––11 to 24% of gene carriers of 11 to 24% of gene carriers of 
ADPKD1 do not have detectable ADPKD1 do not have detectable 
cysts until after age 30cysts until after age 30

––Cysts appear even later in ADPKD2Cysts appear even later in ADPKD2

Ultrasound Criteria for Diagnosis of Ultrasound Criteria for Diagnosis of 
ADPKD1 in a PKD FamilyADPKD1 in a PKD Family

•• Age < 30:  Age < 30:  at least 2 cysts (unilateral or at least 2 cysts (unilateral or 
bilateral)bilateral)

•• Age 30Age 30--59: 59: at least 2 cysts/kidneyat least 2 cysts/kidney
•• Age > 60: Age > 60: at least 4 cysts/kidneyat least 4 cysts/kidney

Ravine et al, Lancet 343:824, 1994Ravine et al, Lancet 343:824, 1994

DNA AnalysisDNA Analysis
•• Direct DNA sequencingDirect DNA sequencing
•• Not useful for patients with established Not useful for patients with established 

diagnosis of ADPKD: no impact on treatmentdiagnosis of ADPKD: no impact on treatment
•• Most useful for young (<30) potential transplant Most useful for young (<30) potential transplant 

donor in PKD family where imaging is negativedonor in PKD family where imaging is negative
•• May be falsely negative in those with diseaseMay be falsely negative in those with disease
•• May detect normal variations in DNA not May detect normal variations in DNA not 

associated with disease (false positive)associated with disease (false positive)
•• Research lab test or commercially available Research lab test or commercially available 

from Athena Diagnostics (from Athena Diagnostics (PKDxPKDx) ) 
http://http://www.pkdx.com/site/content/index.aspwww.pkdx.com/site/content/index.asp

Other Affected OrgansOther Affected Organs

Liver and pancreatic cystsLiver and pancreatic cysts
Congenital liver fibrosis (rare)Congenital liver fibrosis (rare)
Colonic Colonic diverticuladiverticula
Cardiac Cardiac valvularvalvular abnormalitiesabnormalities
Intracranial (brain) aneurysms (weakened Intracranial (brain) aneurysms (weakened 

arteries)arteries)
Testicular and seminal vesicle cystsTesticular and seminal vesicle cysts
Cysts of the Cysts of the arachnoidarachnoid membrane (covers brain)membrane (covers brain)
Abnormally stretched/enlarged brain arteriesAbnormally stretched/enlarged brain arteries

Liver Cysts in ADPKDLiver Cysts in ADPKD
•• Occur in ~50% of patients with ADPKD; Occur in ~50% of patients with ADPKD; 

increase with age and severity of renal cystic increase with age and severity of renal cystic 
diseasedisease

•• Liver function is maintainedLiver function is maintained
•• Responsible for morbidity and some mortality Responsible for morbidity and some mortality 

in ADPKD ESRD patientsin ADPKD ESRD patients
•• Gender differences in cystic diseaseGender differences in cystic disease

–– Women have increased # and larger cysts than menWomen have increased # and larger cysts than men
–– Pregnancy and female hormones associated with worse Pregnancy and female hormones associated with worse 

diseasedisease
–– Massive liver enlargement with disabling pain almost Massive liver enlargement with disabling pain almost 

exclusively a disease of womenexclusively a disease of women

CT Scan of Polycystic LiverCT Scan of Polycystic Liver



Complications of Polycystic Complications of Polycystic 
Liver in ADPKDLiver in ADPKD

•• Hemorrhage:Hemorrhage: unusualunusual
•• Rupture:Rupture: rarerare
•• Infection:Infection: 7/229 patients on HD7/229 patients on HD
•• Bile duct blockageBile duct blockage
•• CholangiocarcinomaCholangiocarcinoma: cancer of : cancer of 

bile ducts (rare)bile ducts (rare)

Massive Polycystic Liver Massive Polycystic Liver 
Disease in ADPKDDisease in ADPKD

•• Rare manifestation of PLDRare manifestation of PLD
•• Occurs primarily in womenOccurs primarily in women
•• Severe symptoms related to bulk of Severe symptoms related to bulk of 

massively enlarged livermassively enlarged liver
•• With severe symptoms, treated by surgery With severe symptoms, treated by surgery 

to reduce liver mass, fenestration of cyststo reduce liver mass, fenestration of cysts
•• Benefit of surgery is sustained for at least Benefit of surgery is sustained for at least 

several yearsseveral years

Massive Polycystic Liver DiseaseMassive Polycystic Liver Disease Management of Liver Cyst Management of Liver Cyst 
Complications of ADPKDComplications of ADPKD

•• Single or few cysts:  Single or few cysts:  percutaneouspercutaneous
drainage followed by sclerosis with drainage followed by sclerosis with 
alcohol or alcohol or minocyclineminocycline

•• Multiple cysts:  laparoscopic drainage; Multiple cysts:  laparoscopic drainage; 
surgical fenestrationsurgical fenestration

•• Partial Partial hepatectomyhepatectomy or venous shunt by or venous shunt by 
experienced surgeon in referral centerexperienced surgeon in referral center

•• Liver or liver/kidney transplantLiver or liver/kidney transplant

Treatment of Liver Cyst InfectionTreatment of Liver Cyst Infection
•• Fat soluble antibiotics such as Fat soluble antibiotics such as 

ciprofloxacin, ciprofloxacin, norfloxacinnorfloxacin, , trimethoprimtrimethoprim; ; 
consider antibiotics secreted in the bileconsider antibiotics secreted in the bile

In contrast to kidney cysts:In contrast to kidney cysts:
•• ChloramphenicolChloramphenicol is not thought to is not thought to 

penetrate liver cystspenetrate liver cysts
•• Limited research suggests that Limited research suggests that 

percutaneouspercutaneous (via needle) or surgical (via needle) or surgical 
drainage is essentialdrainage is essential

Effect of Estrogen Therapy in ADPKDEffect of Estrogen Therapy in ADPKD

•• Estrogen therapy (HRT) for 1 year Estrogen therapy (HRT) for 1 year 
increased total liver volume by 7% (N=11) increased total liver volume by 7% (N=11) 
vsvs --2% (N=8) in controls2% (N=8) in controls

•• Symptoms of abdominal pain in 60% and Symptoms of abdominal pain in 60% and 
shortness of breath in 40% unaffected by shortness of breath in 40% unaffected by 
HRTHRT

•• No change in kidney volumeNo change in kidney volume
•• ? use HRT: base on risk of osteoporosis ? use HRT: base on risk of osteoporosis 

and postmenopausal symptomsand postmenopausal symptoms



Colonic Colonic DiverticularDiverticular Disease in ADPKDDisease in ADPKD

•• Early studies suggested high frequency Early studies suggested high frequency 
(83%) of (83%) of diverticulosisdiverticulosis in 12 ESRD in 12 ESRD 
patients with ADPKDpatients with ADPKD

•• Study from Denver group suggests no Study from Denver group suggests no 
increase in ADPKD increase in ADPKD vsvs control (noncontrol (non--
ESRD)ESRD)

•• Complications of Complications of diverticulosisdiverticulosis
overrepresented in ADPKD transplant overrepresented in ADPKD transplant 
populationpopulation

Cardiovascular Disease in ADPKDCardiovascular Disease in ADPKD
•• ValvularValvular disease:  usually trivial or milddisease:  usually trivial or mild

––MitralMitral or tricuspid or tricuspid prolapseprolapse (floppy valve)(floppy valve)
––MitralMitral, tricuspid, or aortic regurgitation (leak), tricuspid, or aortic regurgitation (leak)
––Potential risk of infection of valve (Potential risk of infection of valve (endocarditisendocarditis))

•• Thickened heart muscle (Left Ventricular Thickened heart muscle (Left Ventricular 
Hypertrophy (as high as 46%)Hypertrophy (as high as 46%)

•• Increased risk of atherosclerotic heart disease Increased risk of atherosclerotic heart disease 
(coronary insufficiency, heart attack), as kidney (coronary insufficiency, heart attack), as kidney 
function declinesfunction declines

Intracranial Aneurysm in ADPKDIntracranial Aneurysm in ADPKD

•• ICA:  intracranial (within the skull) ICA:  intracranial (within the skull) 
aneurysm (thinned and weakened portion aneurysm (thinned and weakened portion 
of an artery)of an artery)

•• SAH:  SAH:  subarachnoidsubarachnoid hemorrhage:  hemorrhage:  
bleeding into the space around the brain bleeding into the space around the brain 
normally occupied by the cerebrospinal normally occupied by the cerebrospinal 
fluidfluid

Belz, MM et al 
Kidney International, 
63: 1824–1830, 2003

U. Of Colorado

Intracranial Aneurysm in ADPKDIntracranial Aneurysm in ADPKD

•• Rupture is a dreaded complication with Rupture is a dreaded complication with 
substantial morbidity (paralysis, dementia) substantial morbidity (paralysis, dementia) 
and mortalityand mortality

•• Tend to cluster within familiesTend to cluster within families
•• Screening of asymptomatic individual with Screening of asymptomatic individual with 

magnetic resonance magnetic resonance arteriographyarteriography (MRA): (MRA): 
–– ICA found in 11ICA found in 11--12% overall 12% overall 
––22 22 -- 26% in those with family history26% in those with family history
––5% in those without family history5% in those without family history

Who Should Be Screened for ICA?Who Should Be Screened for ICA?

•• + family history of intracranial aneurysm (ICA) + family history of intracranial aneurysm (ICA) 
or or subarachnoidsubarachnoid hemorrhage (SAH)hemorrhage (SAH)

•• prior SAH or known ICAprior SAH or known ICA
•• younger age (<45), not yet on dialysisyounger age (<45), not yet on dialysis
•• high risk occupationhigh risk occupation
•• prior to major surgical interventionprior to major surgical intervention
•• need for reassurance of negative studyneed for reassurance of negative study



ICA After Negative ScreeningICA After Negative Screening

•• Asymptomatic, high risk individual (+family Asymptomatic, high risk individual (+family 
history, prior SAH) with negative screening history, prior SAH) with negative screening 
MRA at age <30 should be restudied within MRA at age <30 should be restudied within 
55--10 years10 years

•• Asymptomatic, low risk individual (no family Asymptomatic, low risk individual (no family 
history or SAH) with negative screening history or SAH) with negative screening 
MRA after age 30 probably doesnMRA after age 30 probably doesn’’t need t need 
additional studyadditional study

Management of Asymptomatic ICA in Management of Asymptomatic ICA in 
ADPKDADPKD

•• consider size and locationconsider size and location
•• evaluate risk of rupture versus evaluate risk of rupture versus 

risk of surgeryrisk of surgery
•• consider endovascular techniqueconsider endovascular technique
•• symptoms dictate interventionsymptoms dictate intervention

Natural History of Asymptomatic Natural History of Asymptomatic 
ICA in ADPKDICA in ADPKD

•• very limited datavery limited data
•• 15 asymptomatic, small (<7 mm) 15 asymptomatic, small (<7 mm) 

ICA followed for a mean of 33 ICA followed for a mean of 33 
months:  no ruptures, no changes months:  no ruptures, no changes 
in size or appearance, no new ICAin size or appearance, no new ICA

ICA After Positive Screening or RuptureICA After Positive Screening or Rupture

•• No recurrence of ICA at less than 10 yearsNo recurrence of ICA at less than 10 years
•• No predictive factors for recurrent ICA No predictive factors for recurrent ICA 

identifiedidentified

•• Those with ADPKD and ICA are at risk of new Those with ADPKD and ICA are at risk of new 
ICA and increase in size of known ICAICA and increase in size of known ICA

•• RescreenRescreen at 5at 5--10 year interval10 year interval

MM MM BelzBelz Kidney Int. 2003 63:1824Kidney Int. 2003 63:1824--30 30 

Pregnancy and Complications of ADPKDPregnancy and Complications of ADPKD
•• Hypertensive complications increased in Hypertensive complications increased in 

ADPKD pregnancy (poor BP control, edema, ADPKD pregnancy (poor BP control, edema, 
preeclampsiapreeclampsia, , eclampsiaeclampsia, , ““toxemiatoxemia””))

•• Greater likelihood of lower level of kidney Greater likelihood of lower level of kidney 
function in women with 4 or more function in women with 4 or more 
pregnanciespregnancies

•• No extrarenal complications reported in 605 No extrarenal complications reported in 605 
pregnancies of 235 women with ADPKDpregnancies of 235 women with ADPKD

•• 7 7 ectopicectopic pregnancies in ADPKD group pregnancies in ADPKD group 
versus 1 in controlversus 1 in control
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Genetics of ADPKDGenetics of ADPKD

•• Autosomal dominant:  inherit from one affected Autosomal dominant:  inherit from one affected 
parentparent

•• DoesnDoesn’’t skip generationst skip generations
•• 2 different genes; both resulting in similar 2 different genes; both resulting in similar 

phenotype except loss of kidney function seems phenotype except loss of kidney function seems 
to be slower in ADPKD2to be slower in ADPKD2
––85% ADPKD1 (chromosome 16)85% ADPKD1 (chromosome 16)
––10 to 15% ADPKD2 (chromosome 4)10 to 15% ADPKD2 (chromosome 4)

HateboerHateboer N; Lancet 353:103, 1999N; Lancet 353:103, 1999

Age (years)Age (years)

2020 4040 6060 8080

ADPKD PedigreeADPKD Pedigree Treatment of ADPKD Treatment of ADPKD (1)(1)

•• There is no specific therapyThere is no specific therapy
–– Avoid Avoid NSAIDsNSAIDs, IV contrast, Chinese herbs, IV contrast, Chinese herbs

•• PainPain
–– Diagnosis:  bleed, stone, infection, obstruction, tumorDiagnosis:  bleed, stone, infection, obstruction, tumor
–– AnalgesicsAnalgesics
–– PercutaneousPercutaneous drainage; laparoscopic or surgical drainage; laparoscopic or surgical 

unroofingunroofing of individual cystsof individual cysts

•• Infection:  fat soluble antibioticsInfection:  fat soluble antibiotics
•• High blood pressureHigh blood pressure

–– ACE inhibitors thought to be beneficialACE inhibitors thought to be beneficial

Treatment of ADPKD Treatment of ADPKD (2)(2)

•• Progressive renal insufficiencyProgressive renal insufficiency
–– Lack of proven benefit of low protein diets or ACELack of proven benefit of low protein diets or ACE--II
–– Cyst decompression does not alter progressionCyst decompression does not alter progression
–– Renal replacement therapyRenal replacement therapy

•• Extrarenal manifestationsExtrarenal manifestations
–– Intervene as needed for symptomsIntervene as needed for symptoms
–– Screen for cerebral aneurysms; antibiotic prophylaxis for Screen for cerebral aneurysms; antibiotic prophylaxis for 

valvularvalvular regurgitationregurgitation
–– Avoid unnecessary estrogen/progesterone in women; Avoid unnecessary estrogen/progesterone in women; 

consider estrogen patchconsider estrogen patch

Chronic Kidney Disease: A Clinical Action Plan

Stage Description
GFR

(mL/min/1.73 m2) Action

At increased
risk

>=90
(with CKD risk

factors)

Screening,
CKD risk reduction

1 Kidney damage
with normal
or ↑ GFR

>=90 Diagnosis and
treatment,

Treatment of comorbid
conditions,

Slowing progression,
CVD risk reduction

2 Kidney damage
with mild ↓

GFR

60–89 Estimating progression

3 Moderate ↓
GFR

30–59 Evaluating and treating
complications

4 Severe ↓ GFR 15–29 Preparation for kidney
replacement therapy

5 Kidney
failure

<15
(or dialysis)

Replacement (if uremia
present)

J Am Soc Nephrol 2/2002

KK--DOQI DOQI WWW.kidney.orgWWW.kidney.org



Children in ADPKD Children in ADPKD FAmilyFAmily
•• Each child has 50/50 chance of inheriting diseaseEach child has 50/50 chance of inheriting disease
•• PresymptomaticPresymptomatic diagnosis not usually diagnosis not usually 

recommendedrecommended
•• Pediatrician should be aware of family historyPediatrician should be aware of family history
•• Closely follow blood pressureClosely follow blood pressure
•• Abdominal exam looking for kidney enlargementAbdominal exam looking for kidney enlargement

–– Protect enlarged kidneys from traumaProtect enlarged kidneys from trauma
•• Diagnostic evaluation for symptoms: infection, Diagnostic evaluation for symptoms: infection, 

hematuriahematuria, high blood pressure, etc., high blood pressure, etc.

Diet in ADPKDDiet in ADPKD
•• Definitely should doDefinitely should do
Low saltLow salt
Low cholesterol, low fatLow cholesterol, low fat
High fiberHigh fiber
Avoid protein excess (0.8 Avoid protein excess (0.8 –– 1.0 gm/kg body weight)1.0 gm/kg body weight)
Limit intake of caffeineLimit intake of caffeine
Drink lots of waterDrink lots of water

•• Insufficient evidence in human studiesInsufficient evidence in human studies
Replace animal protein with soy proteinReplace animal protein with soy protein

Other Health MeasuresOther Health Measures
•• Stop smokingStop smoking
•• Loose weightLoose weight
•• ExerciseExercise
•• General recommendations for CKDGeneral recommendations for CKD

Estimate GFREstimate GFR
AnemiaAnemia
Bone (calcium and phosphorous)Bone (calcium and phosphorous)
NutritionNutrition
Education and planning as needed for ESRDEducation and planning as needed for ESRD
Living donor transplantationLiving donor transplantation

PresymptomaticPresymptomatic Diagnosis of ADPKDDiagnosis of ADPKD

•• Pretest counselingPretest counseling
•• Selection of transplant donor within an Selection of transplant donor within an 

ADPKD familyADPKD family
•• Prenatal diagnosisPrenatal diagnosis
•• BenefitsBenefits

––Earlier clinical intervention, i.e., for hypertensionEarlier clinical intervention, i.e., for hypertension
•• Potential adverse impact on insurability and Potential adverse impact on insurability and 

employmentemployment
––At this time, there is no specific therapy for At this time, there is no specific therapy for 

ADPKDADPKD

Pain Management in ADPKDPain Management in ADPKD

•• Sequential approach to pain Sequential approach to pain 
management in ADPKD delineated by management in ADPKD delineated by 
BajwaBajwa, Steinman and others , Steinman and others 

•• ““Since chronic pain cannot be Since chronic pain cannot be ‘‘cured,cured,’’
an approach must include techniques an approach must include techniques 
that allow the patient to adapt to that allow the patient to adapt to 
chronic pain so as to limit interference chronic pain so as to limit interference 
with their life style.with their life style.””

Kidney Kidney IntInt, 60:1631, 2001, 60:1631, 2001



Cyst FenestrationCyst Fenestration

•• Open surgical or laparoscopic fenestration Open surgical or laparoscopic fenestration 
(removing caps) of individual cysts (removing caps) of individual cysts 
accessible on surface of kidney (or liver)accessible on surface of kidney (or liver)

•• Pain relief in 50Pain relief in 50--80% of patients that lasts 80% of patients that lasts 
for 1for 1--3 years3 years

•• No effect on kidney functionNo effect on kidney function
•• Kidney Kidney denervationdenervation (limited experience)(limited experience)
•• Laparoscopic removal of kidney also Laparoscopic removal of kidney also 

possiblepossible

HALTHALT--PKDPKD
(Halt Progression of Autosomal Dominant Polycystic (Halt Progression of Autosomal Dominant Polycystic 

Kidney Disease)Kidney Disease)
Objective: Two simultaneous, randomized, doubleObjective: Two simultaneous, randomized, double--
blinded controlled trials to assess the effects of multiblinded controlled trials to assess the effects of multi--
level blockade of the level blockade of the reninrenin--angiotensinangiotensin--aldosteronealdosterone
system (RAAS) and aggressive blood pressure control system (RAAS) and aggressive blood pressure control 
on progression of early (NKF Stage 1on progression of early (NKF Stage 1--2) and late (NKF 2) and late (NKF 
Stage 3) ADPKD over a 5Stage 3) ADPKD over a 5--year periodyear period

Hypotheses:Hypotheses:
1) Blockade of RAAS will significantly reduce renal 1) Blockade of RAAS will significantly reduce renal 
progression as compared to other antihypertensive progression as compared to other antihypertensive 
therapytherapy

2) Lower blood pressure will significantly reduce renal 2) Lower blood pressure will significantly reduce renal 
progression as compared to standard BP targetsprogression as compared to standard BP targets

Risks/Benefits of RAAS Interruption in ADPKDRisks/Benefits of RAAS Interruption in ADPKD

Hypothesized benefits of RAAS Blockade in ADPKDHypothesized benefits of RAAS Blockade in ADPKD
Reduction of blood pressureReduction of blood pressure
Reduce pressure in kidney filters (Reduce pressure in kidney filters (glomerulusglomerulus))
Reduce excretion of protein in the urineReduce excretion of protein in the urine
Reduce production of molecules that cause Reduce production of molecules that cause 

scarring and inflammation of the kidneysscarring and inflammation of the kidneys

Risks of RAAS Blockade in ADPKD
Ischemia – further reduction of blood flow already 
compromised by compression from expanding cysts
Elevated potassium
Acute renal failure:  elevated creatinine

Summary of Interventions and Outcomes Summary of Interventions and Outcomes 
of Study A and Bof Study A and B

 
Baseline 

GFR 
ml/min/1.73 m2 

Primary Outcome Intervention BP Target 
(mm Hg) 

Study 
A >60 

% Change in 
Total Kidney 

Volume by MRI 

1. ACE + ARB 
2. ACE 
3.  ACE + ARB 
4.  ACE 
 

<130/ 80 
<130/ 80 
<110/ 70 
<110/ 70 

Study 
B 30-60 

50% decrease in 
eGFR/ ESRD/ 

Death 

1. ACE + ARB  
2. ACE <130/ 80  

 

 

When to Treat and What to Measure?When to Treat and What to Measure?

Torres Mayo <aupCP1047707-9
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Study A

Study B

Patient FollowPatient Follow--upup

•• Year one:  4 visits; screening, baseline, 4 and Year one:  4 visits; screening, baseline, 4 and 
12 months12 months

•• Year two onwards:  study visits every 6 Year two onwards:  study visits every 6 
monthsmonths

•• Home BP measurement every monthHome BP measurement every month

•• Study A only:  Magnetic Resonance Imaging of Study A only:  Magnetic Resonance Imaging of 
total kidney volume/ Magnetic Resonance total kidney volume/ Magnetic Resonance 
Angiogram of kidneys at baseline, 24, and 48 Angiogram of kidneys at baseline, 24, and 48 
monthsmonths



How Do I Get Into HALT PKD? How Do I Get Into HALT PKD? 
Required Medical RecordsRequired Medical Records

•• Most recent serum creatinine, if availableMost recent serum creatinine, if available
•• Ultrasound report or other diagnostic imaging Ultrasound report or other diagnostic imaging 

report (CT or MRI scan) confirming ADPKDreport (CT or MRI scan) confirming ADPKD--
may need original filmsmay need original films

•• Documentation of highDocumentation of high--normal BP or normal BP or 
hypertension (current use of medications to hypertension (current use of medications to 
control BP or control BP or >>130/80 mm Hg on 3 separate 130/80 mm Hg on 3 separate 
occasions within the past year)occasions within the past year)

What are the benefits of participation?What are the benefits of participation?
•• You will help advance knowledge of PKDYou will help advance knowledge of PKD
•• You will be closely followed by a physician for the You will be closely followed by a physician for the 

length of the studylength of the study
•• Clinic visits, lab tests, and study medications will Clinic visits, lab tests, and study medications will 

be provided at no chargebe provided at no charge
•• A device for taking blood pressure readings at A device for taking blood pressure readings at 

home will be provided at no chargehome will be provided at no charge
•• Partial travel reimbursement will be provided (up Partial travel reimbursement will be provided (up 

to $400 per visit for overnight travel)to $400 per visit for overnight travel)
•• Possibly slower progression of kidney damagePossibly slower progression of kidney damage

Univ. Colorado
(Dr. R. Schrier)

Data Coordinating Center
Washington Univ.
(Dr. P. Miller)

Emory Univ.
Dr. A. Chapman

Tufts-NEMC 
(Dr. R. Perrone)

Mayo Clinic
(Dr. V. Torres)

U. Kansas

Cleveland Cliic

BIDMC

http://www.pkd.wustl.edu/pkdhttp://www.pkd.wustl.edu/pkd--tntn//
Tufts-New England Medical Center – Boston, MA

1-866-846-2735 (toll-free)
Beth Israel Deaconess Medical Center – Boston, MA

1-866-650-1815 (toll-free)
Emory University – Atlanta, Georgia

1-404-686-8280 (new #)
Mayo Clinic – Rochester, Minnesota

1-888-630-2616 (toll-free)
Cleveland Clinic Foundation – Cleveland, Ohio

1-800-223-2273, Ext. 44680 (toll-free)
Kansas University Medical Center – Kansas City, Kansas

1-913-588-7609
University of Colorado Health Sciences Center

Denver, Colorado
1-877-765-9297 (toll-free

The TEMPO StudyThe TEMPO Study

Blockade of the vasopressin Blockade of the vasopressin 
receptor with receptor with TolvaptanTolvaptan

What is Vasopressin?What is Vasopressin?

•• Vasopressin is a hormone made by the Vasopressin is a hormone made by the 
pituitary gland in brainpituitary gland in brain

•• The primary function of vasopressin is to The primary function of vasopressin is to 
regulate how the kidney handles fluidregulate how the kidney handles fluid

•• Lack of vasopressin leads to excessive loss of Lack of vasopressin leads to excessive loss of 
fluidfluid urine output may exceed 10 quarts dailyurine output may exceed 10 quarts daily

•• Too much vasopressin causes water Too much vasopressin causes water 
intoxicationintoxication

•• Vasopressin increases the level of cyclic AMP Vasopressin increases the level of cyclic AMP 
in kidney cellsin kidney cells
cyclic AMP is one of the cyclic AMP is one of the ““bad actorsbad actors”” in ADPKDin ADPKD



Hormone in blood (vasopressin)

Binds to receptor on surface of cell (vasopressin receptor)

Binding of hormone to receptor leads to change in cell chemistry
(increased cyclic AMP)

Change in cell chemistry leads to change in cell function 
(water able to pass through kidney cells into blood)

Change in cell function leads to change in kidney function
(concentrated urine and decreased urine production)

Pkd-/tm1Som mouse, orthologous to human PKD2;
OPC31260 given between 3 and 16 weeks of age

Torres et al, Nature Medicine March, 2004

Side Effects of Side Effects of TolvaptanTolvaptan

•• Increased urine output:  4Increased urine output:  4--5 quarts/day!!5 quarts/day!!
•• Thirst:  must drink fluids to keep up!!Thirst:  must drink fluids to keep up!!

•• Already well studied and found to be safe Already well studied and found to be safe 
and effective in disorders of water and effective in disorders of water 
retention:retention:
–– congestive heart failurecongestive heart failure
–– cirrhosis of the livercirrhosis of the liver

TolvaptanTolvaptan in Human ADPKDin Human ADPKD

•• Phase II studies (safety, dosing, side effects) Phase II studies (safety, dosing, side effects) 
completed)completed)

•• Pharmacokinetic profile similar to healthy Pharmacokinetic profile similar to healthy 
control populationcontrol population

•• Well tolerated with few side effectsWell tolerated with few side effects
•• Effective blockade of the AVP VEffective blockade of the AVP V22 receptor receptor 

defined as defined as UosmUosm <300 <300 mOsmmOsm/kg/kg

–– Personal communication:  Dr. Vicente TorresPersonal communication:  Dr. Vicente Torres

TolvaptanTolvaptan Open Label Phase 2Open Label Phase 2

•• Open label extension Open label extension only only for those for those 
subjects already participating (48 subjects already participating (48 
participants)participants)

•• Objective:  Objective:  
–– longlong--term safetyterm safety
–– maximal tolerated split dosemaximal tolerated split dose
–– pilot efficacypilot efficacy

•• Planned for 3 yearsPlanned for 3 years

TolvaptanTolvaptan Phase 3 Clinical TrialPhase 3 Clinical Trial

•• MulticenterMulticenter trial (phase III) TEMPOtrial (phase III) TEMPO
–– selection of centers in progressselection of centers in progress
–– recruitment to begin 2007recruitment to begin 2007

•• PlaceboPlacebo--controlled (1/3 placebo, 2/3 active controlled (1/3 placebo, 2/3 active 
drug)drug)

•• SplitSplit--dose to maximize tolerabilitydose to maximize tolerability
•• Assessment of change in kidney size over time Assessment of change in kidney size over time 

as assessed by MRIas assessed by MRI
•• Safety and side effects; tolerability; doseSafety and side effects; tolerability; dose
•• 3 years treatment, 5 years total3 years treatment, 5 years total



TolvaptanTolvaptan Phase 3 Clinical TrialPhase 3 Clinical Trial

•• 100 centers, global100 centers, global
•• 12001200--1500 subjects1500 subjects
•• Inclusion criteriaInclusion criteria

–– GFR > 60GFR > 60
–– age 18age 18--5050
–– kidney volume >750 mlkidney volume >750 ml

•• 11--866866--712712--5837 for information (5837 for information (OtsukaOtsuka
Maryland Research Institute)Maryland Research Institute)


