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SUMMARY
Background: About one in 2000 persons in Europe suffers from autosomal 
dominant polycystic kidney disease (ADPKD). The treatment of this disease up 
to the present has been limited to the management of complications. 

Method: This review is based on pertinent publications, mostly of the last three 
years, that were retrieved by a selective search in PubMed. 

Results: Kidney volume is probably the most important predictive factor for the 
loss of renal function. A measurement of kidney size is, therefore, recom-
mended as soon as the diagnosis is made. ADPKD patients under age 30 with a 
combined kidney volume above 1500 mL and an estimated glomerular filtration 
rate (eGFR) below 90 mL/min are at high risk of needing kidney-replacement 
therapy (dialysis or transplantation) within 20 years, even if their renal function 
is normal. Ultrasonographic follow-up can identify affected persons whose risk 
for rapid progression is especially high. Currently available evidence reveals 
that, in patients at risk whose renal function is normal, the maintenance of 
blood pressure at or below a target value of 110/75 mmHg lessens renal 
 enlargement, albuminuria, and left-ventricular hypertrophy. In another study, 
the treatment of selected patients with tolvaptan, a vasopressin-2 receptor 
(V2R) blocker, was found to delay cyst enlargement and the related decline in 
renal function for three years. It is unclear, however, how long the effect of 
 tolvaptan persists, or whether persons whose renal function is already 
 impaired can benefit from it. The main side effects are marked polyuria and, in 
rare cases, liver toxicity. 

Conclusion: In patients with ADPKD, an effort should be made to keep the 
 arterial blood pressure below 120/80 mmHg. In patients at high risk of progres-
sion whose renal function is still intact (eGFR > 60 mL/min), strict blood 
 pressure control (< 110/75 mm Hg) is indicated, and possibly V2R blockade 
with tolvaptan as well. Tolvaptan is an expensive drug, and patients taking it 
must be carefully monitored for hepatotoxicity. 
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A utosomal dominant polycystic kidney disease 
(ADPKD) is one of the most common human 

familial diseases (1, 2). However, its prevalence in 
 Europe appears to be less than 1 in 2000, and it is there-
fore classed as a rare disease by the European Medi-
cines Agency (EMA). In additional to renal cysts, 
 hepatic cysts also often develop (in more than 90% of 
patients aged over 35 years) (1). Clinical presentation 
ranges from asymptomatic cases to severe impairment 
due to enlargement of the kidneys and liver. ADPKD is 
characterized by increasing kidney size and gradually 
decreasing renal function. The majority of patients 
require dialysis by the age of 60. In the past, therapy 
consisted of treatment for complications and arterial 
hypertension, which almost all patients develop. 
 However, it was unclear whether strict blood pressure 
control slowed disease progression. Studies conducted 
in recent years indicate that the decrease in renal func-
tion is correlated with kidney size and show that the 
course of the disease can be influenced in patients at 
high risk of progression. This information sheds new 
light on treatment for hypertension and has resulted in 
tolvaptan being authorized specifically for the treat-
ment of ADPKD in Europe.

Methods
A selective literature search was performed in PubMed, 
using the keyword “ADPKD.” The search focused on 
interventional and cohort studies conducted in the last 
three years. The findings of the Kidney Disease: Im-
proving Global Outcomes (KDIGO) Controversies 
Conference held in February 2014 were also consulted. 
Older literature was included if it was considered 
 relevant to interpretation of the studies.

Genetics
ADPKD is caused by mutations in the polycystic 
 kidney disease 1 (PKD1) or 2 (PKD2) genes; the gene 
products are denoted polycystin-1 and transient recep-
tor potential PKD-like 2 (TRPP2) (3). Polycystin-1 is a 
large, membrane-bound receptor, and TRPP2 an ion 
channel. ADPKD is inherited autosomally and is domi-
nant, i.e. it can usually be detected in one parent. How-
ever, in up to 30% of cases family history provides no 
useful information, as the spontaneous mutation rate is 
high (approximately 6 to 8%) and progression in 
 parents may be subclinical.
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Factors affecting progression
ADPKD is a slow-progressing disease in which the kid-
neys continually increase in size. The US Consortium 
for Radiologic Imaging Studies in Polycystic Kidney 
Disease (CRISP) has shown that kidney enlargement is 
the first manifestation of the disease. It is not uncom-
mon for total kidney volume (TKV) to reach a volume 
of more than one liter (normal size is less than 400 mL) 
before there is any loss of function (4, 5). PKD2 
 mutations cause significantly slower cyst growth: renal 
failure occurs a mean of almost 20 years later than in 
PKD1 mutations (at age 54.3 versus 74.0 years) (1). 
Hypomorphic PKD1 mutations, which ensure partial 
residual function, progress more slowly than mutations 
that greatly shorten the protein (6). Important 
 prognostic factors on presentation are age, sex, renal 
function (assessed using the estimated glomerular fil-
tration rate, or eGFR), and onset of arterial hyperten-
sion. However, these are probably accounted for in 
TKV (Figure 1). TKV, often stated in relation to body 
size (mL/m), can best be ascertained using standardized 
magnetic resonance imaging (MRI) protocols and 
stereological evaluation, but these are only available in 
specialized centers. Ultrasound measurement of kidney 
length seems to be just as useful as TKV. In patients 
with eGFR above 70 mL/min, TKV determined by 
ultrasound of more than 650 mL/m or kidney length 
above 16.5 cm was a predictor of a decrease in eGFR to 
less than 60 mL/min over the following eight years, 
with a sensitivity of 70% and specificity of 71% (7). 
These parameters are more suitable than creatinine or 
albuminuria testing. Attempts to extract algorithms 
from published studies in order to predict individual 
progression are based on limited data, and their appli-
cability is therefore limited (8). Essentially, however, 
individual risk assessment will be relevant to treatment 

decisions in the future. Data is therefore currently being 
collected in a Europe-wide study on spontaneous dis-
ease progression (9). Other risk factors such as albumi-
nuria, left ventricular hypertrophy, smoking, and mac-
rohematuria must also be taken into account when pre-
dicting individual progression.

Pathophysiology
Around 15 years ago, ciliary disorders were identified 
as a cause of cystic kidney diseases (10). Cilia are hair-
like structures located on almost all cells of the body. 
Polycystin-1 and TRPP2 are located in the cilia, so 
ADPKD is also called ciliopathy. It is unclear why cilia 
are necessary during kidney development and how they 
inhibit renal cysts. In a murine model, cilia seem to be 
responsible for well-ordered cell division and cell 
 migration along the axis of the nephron (11, 12) 
 (Figure 2). Indirect evidence suggests that in ADPKD 
the mammalian target of the rapamycin complex 1 
(mTORC1) signal cascade is more active and that cy -
clic adenosine monophosphate (cAMP) accumulates 
(13, 14). More than 25 years ago, increased cAMP pro-
duction was already associated with increased ion and 
fluid secretion in the lumen of the cyst, and therefore 
with cyst growth (15). This change is the basis of 
 tolvaptan therapy: the vasopressin 2 receptor blocker 
(V2RB) inhibits antidiuretic hormone-dependent pro-
duction of cAMP and therefore hinders cyst growth 
(Figure 3).

Interventional studies
Inhibition of mTORC1 activity (16–19) and of cAMP 
accumulation has been investigated in multiple clinical 
studies (Table). In one randomized, placebo-controlled 
trial, although the mTORC1 inhibitor everolimus 
slowed the increase in kidney volume (TKV) it did not 

FIGURE 1 Progression of autosomal dominant 
 polycystic kidney disease and loss of 
renal function according to age and 
kidney volume  
Calculated progressions of eGFR for a 
30-year-old man according to kidney size 
and function. For example, with a total 
 kidney volume of 2000 mL and initial GFR of 
60 mL/min, it should be assumed that dialy-
sis will be required (approx. eGFR <10 mL/
min) within approximately 10 years. Calcu-
lation is based on cohort data (8) and has 
not been validated for clinical practice. More 
accurate risk estimates may be possible in 
the future, based on improved algorithms.
GFR: Glomerular filtration rate; eGFR: Esti-
mated glomerular filtration rate
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improve renal function (18). ADPKD that had already 
reached an advanced stage, with irreversible changes, is 
considered to be a possible reason for this. There is also 
experimental evidence that preservation of function in 
advanced stages of ADPKD is mTORC1-dependent 
(20).

After it was proved that V2RBs significantly delayed 
cyst growth in animal models (21–23), the TEMPO 3/4 
study investigated the effect of the V2RB tolvaptan in 
more than 1500 patients over three years (eGFR = 
82 mL/min/1.73 m²) (24). Tolvaptan reduced the in-
crease in TKV from 5.5% in the placebo group to 2.8%; 
it reduced the decrease in eGFR from –3.70 to 
–2.72 mL/min/1.73 m². This minimal difference is 
 projected to lengthen dialysis-free time by 4 to 
6.5 years. These analyses assume that the positive ef-
fect of tolvaptan does not decrease over time (25, 26). 
The main side effects of tolvaptan are polyuria and 
 nocturia, which are caused by inhibition of the effect of 
ADH. In individual cases, liver toxicity with increased 
transaminases has been observed, but this was revers-
ible after tolvaptan treatment was halted. The American 
Food and Drug Administration (FDA) estimates the 
risk of liver damage at 1 in 3000, which is comparable 
to that of isoniazid. The potential liver damage and un-
certainty over how long the effect of tolvaptan lasts are 
said to be the reasons it has not been authorized in the 
USA. Tolvaptan is authorized for the treatment of 
ADPKD in Canada and Japan, as well as in Europe. A 
second international multicenter study (NCT02160145) 
is currently being conducted to investigate the efficacy 
profile in ADPKD patients with limited renal function 

(eGFR 25 to 65 mL/min). In Germany, tolvaptan 
 therapy costs approximately €30 000 per year, which is 
comparable to the annual cost for renal replacement 
therapy in Europe (27).

A further possibility for inhibiting cAMP production 
is the stimulation of Gαi by somatostatin analogs. In the 
ALADIN study, the increase in TKV in 38 ADPKD pa-
tients treated with octreotide long-acting repeatable 
(LAR) after 12 months was lower than in the control 
group (46 mL versus 143 mL), but after three years the 
effect was no longer significantly different, probably as 
a result of unequal distribution of kidney size and renal 
function between the groups (28). Of the 38 patients, 
four suffered cholelithiasis or acute cholecystitis, so 
this approach must be tested in further studies. In 
 adolescent ADPKD patients with early-stage ADPKD 
(mean age: 16 years, creatinine clearance: 135 mL/
min), pravastatin delayed kidney enlargement by 2.7% 
per year in a single-center study (29) (Table). It is there-
fore of interest to conduct multicenter studies of statins. 

Arterial hypertension
The HALT-PKD study investigated whether ADPKD 
progression can be delayed by blockade of the renin 
 angiotensin aldosterone system (RAAS) using a combi-
nation of an angiotensin-converting enzyme (ACE) in-
hibitor and an angiotensin II receptor subtype 1 (AT1) 
blocker, together with maintaining particularly low 
blood pressure, 110/75 mmHg or less, in patients with 
eGFR above 60 mL/min. HALT-PKD was a multi-
center US trial conducted in more than 1000 ADPKD 
patients for 5.5 years (30, 31). The group of patients 
with low target blood pressure (95/60 to 110/75 mmHg) 
showed a delayed increase in TKV and a decrease in 
left ventricular hypertrophy and proteinuria, but renal 
function did not improve according to the pre-
 established criteria. However, these criteria were differ-
ent from those used in the TEMPO 3/4 study (24), as 
there was no repeat measurement of renal function 
when drug treatment was halted at the end of the study 
(30). This is relevant, as the low blood pressure in the 
intervention group of HALT-PKD led to a decrease in 
GFR caused by hemodynamic factors, as seen with tol-
vaptan. The decrease in GFR following the titration 
phase in the group with low blood pressure was slower 
than that in the control group, and the difference was al-
most significant (p = 0.05). The role played by geno-
type remains unclear, as the percentage of patients with 
a PKD2 mutation was higher in the group with low 
blood pressure than in the control group (20% versus 
13%). Genotype distribution in the TEMPO 3/4 study is 
unknown. This study highlights the fact that a blood 
pressure of 110/75 mmHg or lower is tolerated with no 
significant cardiovascular comorbidities by young 
ADPKD patients (mean age: 37 years) (30). Double 
RAAS blockade with target blood pressure 
120/80 mmHg or less produced no benefit, but neither 
did it lead to an increase in complications among older 
ADPKD patients (mean age: 49 years) with a GFR of 
30 mL/min or more (31). 

Defective cell di-
vision and migra-
tion as causes of 
cyst formation 
Targeted cell divi -
sion along the axis 
of the nephron and 
the continuous for-
mation and dissolu-
tion of cell rosettes 
(five to seven cells 
that meet at one 
point) cause the 
nephron to become 
elongated. Disrup -
tions to this process 
lead to renal cysts. 
The precise role of 
cilia currently re-
mains unclear. 

Rosette formation  
and resolution

Oriented 
cell division

Elongation of nephron

FIGURE 2

886 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2015; 112: 884–90



M E D I C I N E

Postulated effects of vasopressin  
2 receptor blockade on renal cysts  
Cyst cells display increased cyclic adeno -
sine monophosphate (cAMP) levels, which 
can contribute to cyst growth by stimulating 
ion and fluid secretion, and to cell prolifera-
tion by activating protein kinase A (PKA). An-
tidiuretic hormone (ADH) promotes cAMP 
production by stimulating vasopressin 2 re-
ceptors and activating membrane-bound 
adenylate cyclases. Vasopressin 2 receptor 
blockers (V2RBs) can block ADH-dependent 
cAMP production.

Renal cysts

Adenylate 
 cyclase

Vasopressin  
2 receptor ADH

V2RB

Ion and fluid secretion

Lumen of cyst

cAMP 

cAMP 

PKA

cAMP 

TABLE

Changes in kidney volume and renal function in five clinical studies involving 100 patients or more

Significantly lower TKV (*) led to a significant delay in loss of renal function (*) in the TEMPO 3/4 study only. The difference between the intervention and placebo groups was 1.0 mL/
min/1.73 m² per year. The relative stage was ascertained by multiplying kidney volume (TKV in dL) by age and dividing by renal function; it illustrates the various stages of ADPKD at which the 
studies were conducted (1 = early stage, 17 = advanced stage). This difference should be taken into account when comparing different ADPKD studies. 
ADPKD: Autosomal dominant polycystic kidney disease; TKV: Total kidney volume; eGFR: Estimated glomerular filtration rate; 
HALT-PKD: Halt Progression of Polycystic Kidney Disease;  TEMPO 3/4: Tolvaptan Efficacy and Safety in Management of ADPKD and Its Outcomes 3/4
(*): Denotes significance
*1Creatinine clearance
*2Relative stage = TKV (dL) × age (years)/eGFR (mL/min/1.73 m²)

Study

Pravastatin (29)

Sirolimus (17)

HALT-PKD (30)

TEMPO 3/4 (24)

Everolimus (18)

No. of treated 
patients

 56

 50

274

961

213

Age 
 (years)

16

31

37

39

45

Baseline TKV 
(mL)

  571

  907

1 185

1 705

2 028

Baseline eGFR  
(mL/min/1.73 m²)

135*1

 92

 91

 81

 53

Δ TKV vs. placebo 
(% per year)

–2.7(*)

0.2

–1.0(*)

–2.7(*)

–2.2(*)

Δ eGFR vs. placebo  
(mL/min/1.73 m2 per year)

 0.0 

 2.5 

 0.4 

  1.0(*)

–2.0 

Relative 
 stage*2

 1

 3

 5

 8

17

FIGURE 3

Management of ADPKD
Until a few months ago, the supportive treatment 
measures recommended at the February 2014 KDIGO 
Controversies Conference, particularly blood pressure 
control, were the focal point of treatment for ADPKD 
(6). Study findings from the last three years provide 
grounds to make the management of ADPKD for 
 patients more specific (Figure 4).

Diagnosis and genetic counselling
Because until now early diagnosis was primarily 
 associated with disadvantages, screening in children 

was limited to measurement of blood pressure, in order 
to provide prompt identification of the most important 
factor in progression that could be influenced (6). The 
availability of specific therapies means it is likely that 
there will be a paradigm shift, as high-risk patients can 
be identified in childhood and adolescence (32) and 
may particularly benefit from early treatment (29). 
Ultrasound can be used to diagnose ADPKD in young 
patients aged between 15 and 29 years, with more than 
96% accuracy; it is not possible to rule out the disease, 
however (6). Currently still of minor significance, 
 genetic diagnosis will become more important if better 
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progression is correlated with kidney size. Accordingly, 
at the KDIGO Conference in 2014 a baseline examin-
ation to determine kidney size was recommended (6). 
MRI with a standardized protocol in specialized centers 
can be used for this. A modified ellipsoid formula based 
on the parameters height, width, and depth can be used 
to estimate kidney size by ultrasound. However, such 
formulae cannot be used for asymmetrical kidneys and 
overestimate kidney size by approximately 25%. A re-
cent publication shows that kidney length above 
16.5 cm is a predictor of a decrease in renal function 
(7).

Blood pressure control
Unlike for chronic renal failure, for which a relatively 
high target blood pressure of 140/90 mmHg or less is 
currently recommended (34)—not uncontrover-
sially—the HALT-PKD study supports strict blood 
pressure control with significantly lower target levels 
(30, 31). On the basis of studies conducted to date, in 
young patients at high risk of progression (enlarged 

correlations between genotype and phenotype can be 
identified in the future, and if there are consequences 
for treatment before ADPKD becomes manifest. Costs 
have fallen significantly as a result of high throughput, 
and unambiguous diagnosis is possible in 90% of cases 
(33). The question of genetic counseling for those who 
wish to undergo preimplantation diagnostics remains 
difficult. Technically possible, but associated with 
complications and errors, in Germany this decision is 
made by ethics committees established specially for 
this purpose and is currently reserved for serious hered-
itary diseases.

Prognosis
For many patients, the prospect of terminal renal insuf-
ficiency and the beginning of renal replacement therapy 
is crucial. Many personal decisions such as family and 
career planning depend on the prognosis for progres-
sion. Although stratification of risk based on age, renal 
function, and TKV has not yet been clinically 
 validated, on average it can be assumed that the risk of 

FIGURE 4

Flow diagram to confirm and treat ADPKD
Bilateral renal cysts with enlarged kidneys and limited renal function in the context of extrarenal manifestations such as hepatic cysts and arterial hypertension lead 
to a diagnosis of ADPKD if family history is positive. If family history is negative (approx. 30% of cases), and if screening of relatives is negative (approx. 10%), diag-
nosis is largely certain if manifestation is typical, and it should be assumed that this is an initial manifestation. If manifestation is atypical, further genetic diagnostic 
testing is recommended. The best method of estimating the risk of progression is currently kidney volume in combination with age, sex, and renal function (eGFR). 
ACE: Angiotensin-converting enzyme; ADPKD: Autosomal dominant polycystic kidney disease; GFR: Glomerular filtration rate; eGFR: Estimated glomerular filtration rate

Renal cysts

Suspected ADPKD

– Enlarged kidneys 
– Limited renal function 
– Arterial hypertension 
– Extrarenal manifestations (e.g. hepatic cysts)

Positive family history Negative family history  
Typical presentation

Negative family history  
Atypical presentation

Genetics

ADPKD

Risk of progression

High risk Low risk

Standard treatment

– Blood pressure ≤120/80 mmHg, ACE inhibitor or 
 angiotensin receptor blocker if GFR >30 mL/min

– Lifestyle (avoid salt, smoking, dehydration)
– Screening for cerebral aneurysms if family history 

 positive

– Age/sex 
– eGFR 
– Total kidney volume or kidney length

In addition: 
Specific therapy
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kidneys, family history regarding age at time of kidney 
failure, proteinuria, macrohematuria) and eGFR above 
60 mL/min, target blood pressure should be less than 
110/70 mmHg. In patients with eGFR 30 to 60 mL/min, 
target blood pressure is less than 120/80 mmHg. It is 
important that blood pressure measurement is validated 
using self-readings or 24-hour blood pressure profiles. 
In patients with stage 4 renal insufficiency (eGFR 
below 30 mL/min) or cardiovascular disease, this type 
of strict blood pressure control cannot be used, as there 
may be hemodynamically negative effects on renal 
function.

Specific therapies
Tolvaptan has been authorized in Germany and can be 
prescribed for patients at high risk of progression. It is 
subject to a risk minimization program due to the 
danger of liver damage. Physicians who prescribe tol-
vaptan must be registered and must check patients’ 
liver enzyme levels every month for 1½ years. In the 
TEMPO 3/4 study 38% of patients suffered polyuria 
(17% in the placebo group), and 29% suffered nocturia 
(13% in the placebo group) (24). With urine volume 
above 7 L per day (35), polyuria and nocturia signifi-
cantly influence everyday life which is certainly not 
 acceptable for all patients and which led to a study 
dropout rate of 23%. It is therefore particularly 
 important to identify the patients who will benefit the 
most. Patients aged 30 years or younger with enlarged 
kidneys (TKV 1500 mL or more) and eGFR below 
90 mL/min are at high risk of progression. These 
 patients are very likely to require renal replacement 
therapy within 20 years. In order to decide on a specific 
treatment and monitor patients sufficiently, a specific 
treatment in reference centers is useful. Statin therapy 
should be discussed in individual cases; statins may 
slow kidney growth in adolescents. No general recom-
mendation can currently be given on this based on the 
strength of studies conducted to date.

General measures
Increased fluid intake and restricted coffee consump-
tion are recommended, but there is no solid basis for 
these recommendations (36, 37). Smoking has been 
shown to be damaging. Moderately increased fluid in-
take, 2 to 3 L, appears to be beneficial. A diet rich in 
salt and protein should be avoided.

The outlook for ADPKD treatment
The US National Institutes of Health (NIH) website for 
clinical trials (www.clinicaltrials.gov) currently lists 
more than 70 studies concerning ADPKD. In addition 
to observational studies, triptolides, spironolactone, so-
matostatin analogs, and niacinamide are being investi-
gated in pilot studies. In animal models, multiple signal 
cascades have been identified that inhibit the growth of 
kidney cysts. However, paradoxically, accelerated cyst 
growth is also occasionally observed. These findings 
indicate a phenomenon observed in oncology: when a 
signal cascade is inhibited, bypass signal cascades are 

activated, and these promote tumor or cyst growth 
more strongly than the original growth signals. It is 
therefore probable that effective ADPKD therapy, like 
tumor therapy, must be administered as sequential or 
combination therapy. A recent Cochrane review that in-
cluded 30 studies with a total of 2039 ADPKD patients 
therefore, unsurprisingly, comes to the conclusion that 
current therapies are only marginally effective, and that 
further randomized trials are needed in order to im-
prove individual prognosis for patients (38).
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