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Abstract
Purpose: The purpose of this article is to update the previously published consensus recommendations from March 2017 
discussing the optimal management of adult patients with autosomal dominant polycystic kidney disease (ADPKD). This 
document focuses on recent developments in genetic testing, renal imaging, assessment of risk regarding disease progression, 
and pharmacological treatment options for ADPKD.
Sources of information: Published literature was searched in PubMed, the Cochrane Library, and Google Scholar to 
identify the latest evidence related to the treatment and management of ADPKD.
Methods: All pertinent articles were reviewed by the authors to determine if a new recommendation was required, or if 
the previous recommendation needed updating. The consensus recommendations were developed by the authors based on 
discussion and review of the evidence.
Key findings: The genetics of ADPKD are becoming more complex with the identification of new and rarer genetic 
variants such as GANAB. Magnetic resonance imaging (MRI) and computed tomography (CT) continue to be the main imaging 
modalities used to evaluate ADPKD. Total kidney volume (TKV) continues to be the most validated and most used measure 
to assess disease progression. Since the publication of the previous consensus recommendations, the use of the Mayo Clinic 
Classification for prognostication purposes has been validated in patients with class 1 ADPKD. Recent evidence supports 
the benefits of a low-osmolar diet and dietary sodium restriction in patients with ADPKD. Evidence from the Replicating 
Evidence of Preserved Renal Function: an Investigation of Tolvaptan Safety and Efficacy in ADPKD (REPRISE) trial supports 
the use of ADH (antidiuretic hormone) receptor antagonism in patients with ADPKD 18 to 55 years of age with eGFR 
(estimated glomerular filtration rate) of 25 to 65 mL/min/1.73 m2 or 56 to 65 years of age with eGFR of 25 to 44 mL/min/1.73 
m2 with historical evidence of a decline in eGFR >2.0 mL/min/1.73 m2/year.
Limitations: Available literature was limited to English language publications and to publications indexed in PubMed, the 
Cochrane Library, and Google Scholar.
Implications: Advances in the assessment of the risk of disease progression include the validation of the Mayo Clinic 
Classification for patients with class 1 ADPKD. Advances in the pharmacological management of ADPKD include the 
expansion of the use of ADH receptor antagonism in patients 18 to 55 years of age with eGFR of 25 to 65 mL/min/1.73 
m2 or 56 to 65 years of age with eGFR of 25 to 44 mL/min/1.73 m2 with historical evidence of a decline in eGFR >2.0 mL/
min/1.73 m2/year, as per the results of the REPRISE study.

Abrégé 
Motif: L’objet de cet article est de faire une mise à jour des recommandations consensuelles publiées en mars 2017 traitant 
de la prise en charge des patients adultes atteints de la maladie polykystique autosomique dominante (MPAD). Ce document 
s’intéresse aux développements récents en matière de dépistage génétique, d’imagerie rénale, d’évaluation des risques de 
progression de la maladie et des options de traitement pharmacologique de la MPAD.
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Sources: Les plus récents développements liés à la prise en charge et au traitement de la MPAD ont été colligés à partir des 
articles publiés sur le sujet dans PubMed, la bibliothèque Cochrane et Google Scholar.
Méthodologie: Les auteurs ont relu tous les articles pertinents pour déterminer si de nouvelles recommandations étaient 
requises ou si les recommandations ultérieures nécessitaient une mise à jour. Les recommandations consensuelles ont été 
élaborées par les auteurs à partir de la discussion et de la révision des données probantes.
Principaux résultats: Les caractéristiques génétiques de la MPAD deviennent de plus en plus complexes avec l’identification 
de nouvelles et de plus rares variantes telles que GANAB. L’IRM et la tomodensitométrie demeurent les principales modalités 
d’imagerie utilisées pour le diagnostic et l’évaluation de la MPAD. Le volume rénal total (VRT) continue d’être la mesure 
la mieux validée et la plus employée pour évaluer la progression de la maladie. Depuis la publication des précédentes 
recommandations consensuelles, le recours à la classification de la Clinique Mayo a été validé à des fins pronostiques chez les 
patients atteints de MPAD de type 1. Des données récentes soutiennent les bienfaits d’une diète à faible osmolarité et des 
restrictions alimentaires pour le sodium chez les patients atteints de la MPAD. Les résultats de l’essai REPRISE (Replicating 
Evidence of Preserved Renal Function: an Investigation of Tolvaptan Safety and Efficacy in ADPKD) viennent appuyer le recours à 
des antagonistes des récepteurs de l’ADH chez les patients atteints de la MPAD âgés de 18 à 55 ans et dont le DFGe se situe 
entre 25 et 65 mL/min/1,73 m2 ou chez ceux qui sont âgés de 56 à 65 ans et dont le DFGe se situe entre 25 et 44 mL/min/1,73 
m2 et dont les antécédents montrent un déclin du DFGe supérieur à 2,0 mL/min/1,73 m2 par année.
Limites: La recherche s’est limitée aux publications en anglais et indexées sur PubMed, Google Scholar et dans la bibliothèque 
Cochrane.
Implications: Les avancées dans l’évaluation du risque de progression de la maladie incluent la validation de la classification de 
la clinique Mayo pour les patients atteints de MPAD de type 1. Les développements dans la prise en charge pharmacologique 
de la MPAD incluent les résultats obtenus lors de l’essai REPRISE; soit l’élargissement de l’utilisation des antagonistes des 
récepteurs de l’ADH aux patients âgés de 18 à 25 ans dont le DFGe se situe entre 25 et 65 mL/min/1,73 m2 ou à ceux âgés 
de 56 à 65 ans dont le DFGe se situe entre 25 et 44 mL/min/1,73 m2 et dont les antécédents montrent un déclin du DFGe 
supérieur à 2,0 mL/min/1,73 m2 par année.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is 
characterized by bilateral renal cysts that destroy normal tis-
sue as they grow, leading to renal fibrosis, renal architectural 
derangement, and ultimately renal failure.1,2 There are cur-
rently no validated estimates of the prevalence of ADPKD in 
Canada. In a recent meta-analysis of European literature, the 

prevalence of ADPKD in Europe was reported to be 2.7 per 
10 000.3 This prevalence is likely similar to that in the 
Canadian population despite no formal data. Recent popula-
tion-based minimum point ADPKD estimates of 2.9 and 3.3 
per 10 000 have been calculated, accounting for 7% to 11% 
of patients on renal replacement therapy in Europe and 
approximately 5% of patients requiring dialysis in the United 
States.2,4,5 Approximately 45% to 70% of patients with 
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ADPKD progress to end-stage renal disease (ESRD) by 65 
years of age.6 Targeted pharmacological therapies that have 
been tested in the treatment of ADPKD include mammalian 
target of rapamycin (mTOR) inhibitors, somatostatin ana-
logues, tyrosine kinase inhibitors, and a vasopressin V2 
receptor antagonist.4,7

The goal of this update is to provide nephrologists and 
other health care practitioners with updated recommenda-
tions on assessing the risk of disease progression and phar-
macological management of patients with ADPKD based on 
evidence published since the development of the first con-
sensus recommendation. In April 2016, a panel of nephrolo-
gists from across Canada met to develop evidence-informed 
recommendations for the optimal management of adult 
patients with ADPKD, with a focus on the role of genetic 
testing, renal imaging, risk-prediction of disease progres-
sion, and pharmacological treatment options. The recom-
mendations were published in the March 2017 issue of the 
Canadian Journal of Kidney Health and Disease.8 The 
updated recommendations published herein serve to update 
these same topics.

Methods

The present updated consensus recommendations are based 
on the experience and opinions of the authors, and on a lit-
erature search conducted in PubMed, the Cochrane Library, 
and Google Scholar using the search terms “ADPKD” or 
“polycystic kidney” in combination with the following 
terms: “CKD” or “chronic kidney disease” or “diagnosis” 
or “end-stage renal disease” or “ESRD” or “gene” or “imag-
ing” or “management” or “mTOR inhibitor” or “risk” or 
“pharmacological” or “screening” or “somatostatin” or 
“surgery” or “TKV” or “total kidney volume” or “height 
adjusted TKV” or “tolvaptan” or “transplantation” or 
“treatment.” We selected publications that were published 
from January 2016 to January 2018 to identify the latest 
evidence published since the April 2016 meeting. All iden-
tified papers were reviewed by the authors and consensus 
was reached on which papers did not have sufficient infor-
mation relevant or within scope for this update. The papers 
had to provide validation for previous recommendations or 
new information that would change a previous recommen-
dation or result in a new recommendation. A total of 43 
publications were identified, of which 21 contained infor-
mation relevant to this update. The authors reached a con-
sensus on the updated recommendations published herein. 
Consensus was achieved by discussion of the evidence and 
focusing on the scope of the recommendations. No disputes 
had to be settled by vote or other means. The following 
aspects of the disease, addressed in the previous recom-
mendations, were updated: genetic testing, renal imaging, 
predicting disease progression, and pharmacological treat-
ment options.

Identifying Patients With ADPKD

Since the previous consensus recommendations for the opti-
mal management of adult patients with ADPKD were drawn 
up, other groups have published guidelines and a consensus 
report designed to address clinical challenges and offer 
guidance in the management of patients with ADPKD.8,9 
Offering treatment early to these patients slows cyst growth, 
thereby delaying both loss of kidney function and the need 
for renal replacement therapy, as well as improving patients’ 
quality of life.

Updated Recommendation:

We suggest that all patients with a diagnosis of ADPKD 
or suspected ADPKD be referred to a nephrologist for ini-
tial assessment. Initial assessment should include kidney 
imaging and, in some cases, genetic testing to determine 
the patient’s risk of rapid progression and to determine 
what treatment should be initiated.

Genetic Testing in ADPKD

The majority of mutations in ADPKD occur in the PKD1 and 
PKD2 genes which encode two proteins, polycystin-1 and 
polycystin-2, that constitute the transient receptor potential 
polycystin subfamily of transient receptor potential chan-
nels.10-12 Rarer variants such as GANAB, which encodes the 
glucosidase IIα subunit, have recently been discovered and 
research into these novel mutations is ongoing.13-15 
Approximately 10% of patients have no identifiable muta-
tion; these patients usually have a minor ADPKD pheno-
type.13 With more than 2000 mutations having been identified 
to date, the genetics of ADPKD are becoming more and more 
complex (Autosomal Dominant Polycystic Kidney Disease 
Mutation Database [PKDB], http://pkdb.mayo.edu/).

Genetic testing for ADPKD can be carried out using 
deoxyribonucleic acid (DNA) linkage analysis,16 gene-based 
mutation screening (also referred to as Sanger sequencing),17 
or next-generation sequencing (NGS).18 Genetic testing is 
not indicated for all patients with ADPKD. For example, it is 
not needed when a firm positive or negative diagnosis can be 
made by imaging alone, when a diagnosis can be made based 
on the imaging results of the patient’s parents, or when a 
diagnosis can be made based on the presence of extrarenal 
manifestations. Genetic testing, however, may be considered 
to confirm the absence of any mutations for ADPKD in liv-
ing relatives who are potential donors, to identify mutations 
in patients without a family history of ADPKD, to exclude 
other cystic kidney diseases in families with atypical radio-
graphic patterns of kidney cysts, to identify mutations in 
families affected by early-onset polycystic disease, and to 
offer prenatal or preimplantation diagnosis.16,19 There is wide 
variability in access to genetic testing in Canada at this time. 

http://pkdb.mayo.edu/
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If genetic testing is to be done, it should be coordinated 
through a center with the appropriate expertise and inter-
preted by those familiar with ADPKD genetics.

Previous Recommendations:

1. Based on existing data, genetic testing is not neces-
sary for selecting treatment options for patients with 
a confirmed diagnosis of ADPKD.

2. If genetic testing is to be done, it should be performed 
by a Clinical Laboratory Improvement Amendments 
(CLIA)–certified center and interpreted by those 
familiar with ADPKD genetics.

Updated Recommendation:

1. Based on existing data, genetic testing is not neces-
sary for selecting treatment options for patients with 
a confirmed diagnosis of ADPKD.

Renal Imaging

Imaging modalities used to diagnose and evaluate ADPKD 
include abdominal ultrasound (US), computed tomography 
(CT), and magnetic resonance imaging (MRI). MRI is the 
preferred modality for kidney size determination due to its 
greater accuracy and precision compared with US.20 CT per-
forms well; however, it exposes patients to radiation.21 
Compared with MRI or CT, US is more practical and more 
cost-effective.22 However, it is difficult to obtain accurate 
and reproducible results with US, as it is more dependent on 
the proficiency of the technician than MRI or CT.

In ADPKD, total kidney volume (TKV) continues to be 
the most validated and most used measure to assess disease 
progression. Not only are changes in overall TKV less vari-
able than changes in kidney cystic and noncystic compo-
nents, height-adjusted TKV (htTKV) is easier to obtain than 
other measures.23-26 TKV may be determined by stereology 
or other formulae, such as the ellipsoid equation, that esti-
mate volume using a limited set of measurements.23,24 TKV 

may also be determined using automated methods that clas-
sify patients based on htTKV and age.25,26

Previous Recommendations for Renal Imaging (Both 
Diagnosis, and Prognosis and Disease Progression):

1. We recommend that before quantifying the size of the 
kidneys, patients should be classified according to 
the Mayo Clinic classification for typical versus 
atypical morphology with renal imaging.

2.1 We recommend that a baseline assessment of renal 
size be undertaken in patients with ADPKD. The 
objective of these measurements is to determine 
which patients are suitable candidates to be consid-
ered for therapeutic intervention based on their risk 
of progression.

2.2 Although the gold standard for measuring TKV is 
MRI stereology, we recommend the use of ellipsoid 
TKV or US to determine TKV in routine clinical 
practice. We suggest that MRI or CT htTKV is cur-
rently the most accurate method of assessing renal 
size in patients with ADPKD.

2.3 In the absence of MRI, imaging by CT may be used 
to determine TKV. In situations where an MRI or CT 
is not easily obtainable, we suggest US-measured 
kidney length (KL) as a suitable surrogate. US can be 
used to determine TKV; however, TKV obtained 
using US may introduce error and does not provide 
an advantage over KL.

3. We recommend that routine assessment of TKV or 
KL should not exceed a frequency of once yearly.

Imaging in ADPKD can be classified into 2 categories: 
renal imaging for diagnosis, and renal imaging for prognosis 
and disease progression. The preferred method for confirm-
ing the presence of ADPKD in patients with a family history 
is US imaging and the use of the Unified Criteria (Table 1).27 
In the absence of family history, there are no validated crite-
ria to diagnose ADPKD based on US imaging. In select cir-
cumstances (eg, lack of family history, younger age), the 

Table 1. Unified Criteria for Ultrasound Diagnosis of ADPKD.27

Age, years PKD1 PKD2 Unknown ADPKD gene type

15-29 ⩾3 cystsa

PPV: 100%
SEN: 94.3%

PPV: 100%
SEN: 69.5%

PPV: 100%
SEN: 81.7%

30-39 ⩾3 cystsa

PPV: 100%
SEN: 96.6%

PPV: 100%
SEN: 94.9%

PPV: 100%
SEN: 95.5%

40-59 ⩾2 cysts in each kidney
PPV: 100%
SEN: 92.6%

PPV: 100%
SEN: 88.8%

PPV: 100%
SEN: 90.0%

Note. All values presented are mean estimates. ADPKD = autosomal dominant polycystic kidney disease; PPV = positive predictive value; SEN = 
sensitivity.
aUnilateral or bilateral.
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diagnosis of ADPKD may require higher sensitivity imag-
ing, including assessing extrarenal manifestations, and 
genetic testing. Renal imaging can be used to characterize 
ADPKD as typical or atypical presentation using the Mayo 

Clinic classification (Table 2 and Figure 1).24 According to 
this system, patients with typical symmetric, bilateral, dif-
fuse cyst distribution are categorized as class 1 (approxi-
mately 90% of patients), and patients with atypical, 

Table 2. Classification of ADPKD Based on Imaging Characteristics According to the Mayo Clinic Classification.24

Class, subclass, and term Description

1: Typical ADPKD Bilateral and diffuse distribution, with mild, moderate, or severe replacement of 
kidney tissue by cysts, where all cysts contribute similarly to TKV

2: Atypical ADPKD
 Unilateral Diffuse cystic involvement of one kidney causing marked renal enlargement with 

a normal contralateral kidney, defined by a normal kidney volume (<275 mL in 
men; <244 mL in women) and having 0-2 cysts

 Segmental Cystic disease involving only one pole of one or both kidneys and sparing the 
remaining renal tissue

 Asymmetric Diffuse cystic involvement of one kidney causing marked renal enlargement with 
mild segmental or minimal diffuse involvement of the contralateral kidney, 
defined by a small number of cysts (>2 but <10) and volume accounting for 
<30% of TKV

 Lopsided Bilateral distribution of renal cysts with mild replacement of kidney tissue with 
atypical cysts where ⩽5 cysts account for ⩾50% TKV (the largest cyst diameter 
is used to estimate individual cyst volume)

 Bilateral presentation with 
acquired unilateral atrophy

Diffuse cystic involvement of one kidney causing moderate to severe renal 
enlargement with contralateral acquired atrophy

 Bilateral presentation with bilateral 
kidney atrophy

Impaired renal function (serum creatinine ⩾1.5 mg/dL or 133 µmol/L) without 
significant enlargement of the kidneys, defined by an average length <14.5 cm, 
and replacement of kidney tissue by cysts with atrophy of the parenchyma

Source. Republished from Irazabal et al24 with permission of the American Society of Nephrology; permission conveyed through Copyright Clearance 
Center, Inc.
Note. ADPKD = autosomal dominant polycystic kidney disease; TKV = total kidney volume.

Figure 1. Mayo Clinic classification of autosomal dominant polycystic kidney disease.24

Source. Republished from Irazabal et al24 with permission of the American Society of Nephrology; permission conveyed through Copyright Clearance 
Center, Inc.
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asymmetric, or segmental cyst distribution are categorized as 
class 2. In addition to the Mayo Classification, well-estab-
lished Unified Criteria for using US to diagnose ADPKD 
have been in use for several years (Table 1).27,28

Updated Recommendations for Renal Imaging for 
Diagnosis:

1. The preferred method for confirming the presence of 
ADPKD in patients with a family history is US imag-
ing and the use of the Unified Criteria to establish 
diagnosis and determine if typical or atypical.

2. In select circumstances, such as in patients without a 
family history of ADPKD, other imaging modalities, 
including CT or MRI, may be considered for diag-
nosing ADPKD, particularly to detect cysts in 
younger patients.

When imaging for prognosis in ADPKD, several consid-
erations must be taken into account. Although MRI stereol-
ogy is the gold standard for measuring TKV, we suggest that 
ellipsoid TKV or US be used to determine TKV in routine 
clinical practice. We believe that MRI or CT htTKV are cur-
rently the most accurate methods for the assessment of renal 
size in patients with ADPKD. When MRI imaging is not 
available, we believe CT imaging may be used to measure 
TKV. If both MRI and CT imaging are not available, we 
believe using US-measured KL to be a suitable surrogate. US 
can be used to determine TKV; however, TKV obtained 
using US may introduce error and does not provide an advan-
tage over KL. We also believe general abdominal imaging 
using MRI is useful in obtaining baseline images of the liver, 
spleen, and pancreas to monitor changes in hepatic cysts, 
pancreatic enlargement and/or cysts, and splenic enlarge-
ment and/or cysts. Finally, in younger patients (<40 years of 
age) with a normal US, MRI imaging may be required to 
confirm the presence of disease.

Renal imaging, along with the Mayo Clinic Classification, 
may also be used for prognostication purposes.24 By integrat-
ing htTKV with age, this system divides class 1 patients into 
subclasses A through E, where classes 1C, 1D, and 1E show 
the highest propensity for developing early-onset renal dis-
ease (Figure 2a). Class 2 patients are generally not at risk of 
rapid disease progression. Once patients are classified 
according to the Mayo Clinic criteria, their disease progres-
sion over time may be predicted (Figure 2b). The Mayo 
Clinic Classification tool is available at http://www.mayo.
edu/research/documents/pkd-center-adpkd-classification/
doc-20094754.

When the first consensus recommendations were pub-
lished, the Mayo Clinic Classification had not been validated 
in the clinical setting. Although it was believed to be a useful 
clinical tool, it had been developed as a way to identify 
patients eligible to participate in clinical trials. Therefore, its 
utility in a broader patient population was unknown. Since 
then, Girardat-Rotar et al validated the use of the Mayo 

Clinic Classification in patients with class 1 ADPKD in the 
clinical setting using data collected from 2006 to 2016 from 
the ongoing Swiss ADPKD study.29

Finally, renal imaging may be used to monitor a patient’s 
disease progression. There continue to be limited data on the 
role of repeated imaging in the management of patients with 
ADPKD.20,30 Studies have shown that serial measurements 
can detect an increase of >5% per year in TKV, which cor-
responds to the threshold for class 1D and appears to corre-
late well with predicting rapid disease progression.24 
Recommendations published by the European Renal 
Association – European Dialysis and Transplant Association 
(ERA-EDTA) and the Japanese regulatory authorities state 
that patients showing an annual increase of >5% in TKV 
should be categorized at higher risk for disease progression.8,31 
Recently, results published from the extension of the 
Consortium for Radiologic Imaging Studies of Polycystic 
Kidney Disease study (CRISP III) support the use of serial 
TKV measurements to monitor disease progression in 
ADPKD.32 This study showed that the rate of change in 
htTKV was negatively correlated with change in glomerular 
filtration rate (GFR), thereby demonstrating the prognostic 
value of serial TKV measurements over time.

Updated Recommendations for Renal Imaging for 
Prognosis and Disease Progression:

1. We recommend that a baseline assessment of renal 
size be undertaken in patients with ADPKD. The 
objective of these measurements is to determine 
which patients are at risk of rapid progression and 
may be suitable candidates to be considered for thera-
peutic intervention based on their risk of progression.

2. In patients with typical morphology, we recommend 
using US to measure KL, or MRI or CT to measure 
TKV (and to calculate htTKV where appropriate) if a 
more precise measurement is required for therapeutic 
decisions. In cases where historical images are avail-
able, those images should be consulted before 
requesting new imaging.

3. After a baseline assessment of renal size, not all 
patients require routine reassessment of renal size. If 
renal size reassessment is performed, we recommend 
it should not exceed a frequency of once yearly.

Assessing Risk of Rapid Disease 
Progression

In ADPKD, disease progression can be monitored by mea-
suring TKV, creatinine clearance, or estimated glomerular 
filtration rate (eGFR) using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation.24,33 In the 
early stages of ADPKD, hyperfiltration serves to maintain 
renal function such that changes in renal function are diffi-
cult to observe. In contrast, changes in TKV are readily 
observable, making it a more sensitive marker in this stage of 

http://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754
http://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754
http://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754
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the disease process.23 Prognostic factors for disease progres-
sion in ADPKD are summarized in Table 3. Risk for disease 
progression can be predicted using predicting renal outcomes 
in ADPKD (PROPKD) scoring, genetic scoring, or Mayo 
Clinic Classification.24,34

Risk Prediction Using PROPKD Score

The PROPKD scoring system predicts renal outcomes in 
patients with ADPKD on the basis of genetic and clinical 
data from 1341 patients from the Genkyst study cohort.34 
This scoring system assigns points as shown in Table 4, 

with total scores ranging from 0 to 9 points. The scoring 
system assigns patients to 1 of 3 risk categories, with cor-
responding predicted median age of onset for ESRD and 
predicted disease progression (Table 5). It should be noted 
that the PROPKD scoring system cannot be applied to 
patients with no history of urological events or hyperten-
sion. Since the publication of the first consensus recom-
mendations, the prognostic value of the PROPKD scoring 
system has been confirmed in a post hoc analysis of the 
Tolvaptan Efficacy and Safety in Management of Autosomal 
Dominant Polycystic Kidney Disease and Its Outcomes 
(TEMPO) 3:4 trial.45

Figure 2. (a) Subclassification of patients with class 1 autosomal dominant polycystic kidney disease at baseline based on htTKV and age 
at baseline; (b) predicted change in eGFR over time in class 1 patients (slopes shown are those for men).24

Source. Republished from Irazabal et al24 with permission of the American Society of Nephrology; permission conveyed through Copyright Clearance 
Center, Inc.
Note. htTKV = height-adjusted total kidney volume; eGFR = estimated glomerular filtration rate.
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Risk Prediction Using Genetic Scoring

The PROPKD scoring system has lower accuracy in some 
patients, such as those younger than 35 years and those miss-
ing clinical data.34 In these cases, genetic scoring may be car-
ried out based on gender and genetic data. With this scoring 
system, patients fall into 1 of 4 prognostic groups:

•• patients with PKD2 mutations (1 point)
•• patients with nontruncating PKD1 mutations  

(2 points)
•• women with truncating PKD1 mutations (3 points)
•• men with truncating PKD1 mutations (4 points)

Patients with a genetic score ⩾2 points have a predicted 
onset of ESRD before age 65 years. Although genetic scor-
ing is less accurate than the PROPKD score, it offers good 
prediction of ESRD.

Risk Prediction Using Mayo Clinic Classification

As discussed in the previous section, the Mayo Clinic 
Classification defines groups of patients with different risks 
for eGFR decline based on htTKV and age at baseline (Figure 
2a), which, in turn, predicts decline in eGFR (Figure 2b).24 
Although this classification system has been externally vali-
dated,29 its application to clinical practice has not yet been 
delineated.

Previous Recommendations:

1. We recommend that in current clinical practice, 
patients with a TKV measurement be categorized in 
terms of their risk of progression as per the Mayo 
Clinic Classification or other validated clinical tools. 
We highlight that the application of the Mayo Clinic 
Classification to clinical practice has not yet been 
delineated; however, it appears to be the most robust 
clinical prediction tool as it pertains to the important 
marker of htTKV.

Table 3. Prognostic Factors Related to Disease Progression in ADPKD.

Imaging-based prognostic factors
•• TKV shows a strong inverse association with the slope of GFR23,33

•• HtTKV shows a good correlation with GFR at baseline (r = 0.22), and an even stronger correlation after 3 years and 8 years (r = 
0.44 and r = 0.65, respectively)35

Genetic prognostic factors
•• PKD1 mutations are associated with an earlier onset of ESRD compared with PKD2 mutations36

•• Truncating PKD1 mutations are associated with an average onset of ESRD at 55 years of age, while nontruncating PKD1 mutations and 
PKD2 mutations are associated with an average onset of ESRD at 67 and 79 years of age, respectively37

•• Hypomorphic alleles are associated with milder disease as polycystin activity is not completely abrogated; if these alleles are coupled 
with another mutation, a more severe disease progression may develop38

•• If genetic testing is not available, a family history of ESRD at age <55 years is strongly predictive of a truncated PKD1 mutation (100% 
PPV), and a family history of ESRD at age >70 years is strongly predictive of a PKD2 mutation (100% PPV)39

Urinary biomarkers
•• Higher albuminuria at baseline was associated with greater eGFR loss in a post hoc analysis of the TEMPO 3:4 trial40

•• Urinary NGAL and IL-18 levels increase over time in ADPKD patientsa,41

Other prognostic factors
•• Clinical factors such as male sex and early age of onset of hypertension and urologic complications, which are also components of the 

predicting renal outcomes in ADPKD (PROPKD) score, individually are significant factors for worse renal prognoses34,35

•• Higher levels of vasopressin activity (measured using 24-hour urine osmolality as a surrogate marker) were associated with greater 
declines in GFR from year 1 to 6 in the CRISP study42

•• Increased vasopressin activity (measured using copeptin levels as a surrogate marker) were associated with higher morning urine 
osmolality, higher BP, increased TKV, and decreased GFR in the CRISP study43

•• Elevated serum uric acid levels are associated with disease progression; a 5.8% increase in TKV and a 4.1% increase in TKV/body 
surface area for every 1 mg/dL (59.5 μmol/L) increase in uric acid have been demonstrated44

Note. ADPKD = autosomal dominant polycystic kidney disease; TKV = total kidney volume; GFR = glomerular filtration rate; HtTKV = height-adjusted 
total kidney volume; ESRD = end-stage renal disease; PPV = positive predictive value; eGFR = estimated glomerular filtration rate; TEMPO = Tolvaptan 
Efficacy and Safety in Management of Autosomal Dominant Polycystic Kidney Disease and Its Outcomes; NGAL = neutrophil gelatinase-associated 
lipocalin; IL = interleukin; CRISP = Consortium of Renal Imaging Studies in Polycystic Kidney Disease; BP = blood pressure.
aAlthough testing for NGAL and IL-18 is carried out in the research setting, these tests are not readily available, and therefore not measured, in routine 
clinical practice.

Table 4. The predicting renal outcomes in ADPKD (PROPKD) 
Scoring System.34

Factor Points

Male 1
Hypertension before age 35 2
First urological event before age 35 2
PKD2 mutation 0
Nontruncating PKD1 mutation 2
Truncating PKD1 mutation 4

Source. Republished from Cornec-le Gall et al34 with permission of the 
American Society of Nephrology; permission conveyed through Copyright 
Clearance Center, Inc.
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2. Currently available TKV-based prognostication tools 
should not be applied to class 2 (atypical morphol-
ogy) patients, as we suggest that these patients are 
unlikely to be rapid progressors. Certain patients may 
require further clinical evaluation.

3. We suggest that patients who are classified as Mayo 
class 1C, D, or E be considered to be at risk of rapid 
progression of their ADPKD renal disease.

4. We recommend that patients who demonstrate a 
sequential increase of >5% annually in TKV on 
imaging should be considered at risk of rapid pro-
gression of their ADPKD-related renal disease.

5. We recommend that patients with an US KL of >16.5 
cm bilaterally should be considered at high risk of pro-
gression of their ADPKD-related renal disease. A KL 
>16.5 cm has been shown to correlate with a TKV of 
750 mL; however, direct measurement of TKV would 
be required if more accurate assessment is needed.

6. We suggest that baseline TKV or KL are important 
determinants of renal progression of ADPKD; how-
ever, serial TKV or KL measurements have not been 
established as markers to monitor response to therapy.

Updated Recommendations:

1. We recommend that in current clinical practice, 
patients with an htTKV measurement be categorized 
in terms of their risk of progression as per the Mayo 
Clinic Classification or other validated clinical tools.

2. Currently available TKV-based prognostication tools 
should be applied only to class 1 (typical morphol-
ogy) patients, as we suggest these patients are likely 
to be rapid progressors. Certain patients may require 
further clinical evaluation.

3. We suggest that patients be considered at risk of rapid 
progression of ADPKD renal disease if they meet either 
of the following criteria: (1) classified as Mayo class 
1C, D, or E, or (2) have an US KL of >16.5 cm 
bilaterally.

4. We suggest the following be used as markers of rapid 
progression: (1) a sequential increase of >5% annually 

in htTKV on imaging, or (2) documented disease pro-
gression (eg, rapid decline in eGFR; defined as decline 
in eGFR >2.5 mL/min/1.73 m2 annually; patients in 
the placebo group of the TEMPO 3:4 study showed an 
annual decline in eGFR of 3.5 mL/min/1.73 m2 over 
the three years of observation).

Nontargeted Treatment Options

Nontargeted treatment options for ADPKD discussed in the 
previous consensus recommendations included protein 
restriction, increased fluid intake, and blood pressure (BP) 
control. To date, no compelling evidence supports the use 
of protein restriction and increased fluid intake as nontar-
geted treatment options.34,46 Rigorous BP control, however, 
significantly reduces urinary albumin excretion and pro-
duces a significantly lower annual rate of increase in 
TKV.34,47

Recently, several studies have evaluated the effects of 
low-osmolar diet, coffee consumption, and dietary sodium 
restriction on disease progression in ADPKD.48-50 Combining 
a low-osmolar diet with adjusted water intake to achieve a 
urine osmolality of ⩽280 mOsm/kg water has shown to pro-
duce significantly reduced vasopressin secretion in patients 
with ADPKD compared with no intervention.48 After 2 
weeks, mean (standard deviation [SD]) plasma copeptin lev-
els decreased significantly from 6.2 ± 3.05 pmol/L to 5.3 ± 
2.5 pmol/L (P = .02) in patients that combined a low-osmo-
lar diet with adjusted water intake, while levels did not 
change (from 4.7 ± 3.6 to 5.07 ± 4 pmol/L; P = .2) in a 
control group of patients with no intervention. The change in 
copeptin levels between the 2 groups was significant (–0.86 
± 1.3 pmol/L vs +0.39 ± 1.2 pmol/L, respectively, P = 
.009). Mean (SD) urine osmolality decreased from 426 ± 
193 mOsm/kg water to 258 ± 117 mOsm/kg water (P = .01) 
in the intervention group, and did not change (from 329 ± 
159 mOsm/kg water to 349 ± 139 mOsm/kg water; P = .3) 
in the control group. The change in urine osmolality was sig-
nificant between the 2 groups (–167 ± 264 mOsm/kg water 
vs +20 ± 80 mOsm/kg water, respectively, P = .007). The 
dietary intervention led to a significant reduction in 

Table 5. Predicted Median Age of Onset of ESRD and Predicted Disease Progression by predicting renal outcomes in ADPKD 
(PROPKD) Risk Category.34.

PROPKD risk category for progression to ESRD

 
Low risk

(0-3 points)
Intermediate risk

(4-6 points)
High risk

(7-9 points)

Predicted median age of 
onset for ESRD (years)

70.6 56.9 49.0

Predicted disease 
progression

Excludes progression to ESRD 
before 60 years of age

(negative predictive value of 81.4%)

Prognosis is unclear Rapid progression to ESRD before 60 
years of age

(positive predictive value of 90.9%)

Source. Republished from Cornec-le Gall et al34 with permission of the American Society of Nephrology; permission conveyed through Copyright 
Clearance Center, Inc.
Note. ESRD = end-stage renal disease.
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vasopressin secretion and a reduction in the amount of water 
required to reduce vasopressin secretion.

A prospective study designed to assess the association 
between coffee consumption and disease progression in 
patients with ADPKD showed that coffee drinkers did not 
have a statistically significant difference in kidney size (dif-
ference of −33.03 cm3 htTKV, P = .10), and did not have a 
statistically significant difference in eGFR (2.03 mL/
min/1.73 m2, P = .089), compared with noncoffee drinkers 
after multivariate adjustment for age, smoking, hyperten-
sion, sex, body mass index, and an interaction term (Coffee 
× Visit).49 This study is the first to demonstrate that coffee 
drinking does not adversely affect kidney size or function in 
patients with ADPKD.

A post hoc analysis of the Polycystic Kidney Disease 
Treatment Network (HALT-PKD) trials (study A and study B) 
showed that dietary sodium restriction was beneficial in the 
management of patients with ADPKD.50 Briefly, study A ran-
domized hypertensive patients with ADPKD (15-49 years of 
age, with eGFR >60 mL/min/1.73 m2) to either a standard BP 
target of 120/70 to 130/80 mm Hg or a low BP target of 95/60 
to 110/75 mm Hg, and to either treatment with the angioten-
sin-converting enzyme inhibitor lisinopril plus the angioten-
sin-receptor blocker telmisartan or treatment with lisinopril 
plus placebo.51 Study B randomized patients with ADPKD 
(18-64 years of age, with eGFR 25-60 mL/min/1.73 m2) to 
either treatment with lisinopril plus telmisartan or lisinopril 
plus placebo, with dose adjustments to achieve a BP between 
110/70 and 130/80 mm Hg.52 All patients were instructed to 
follow a sodium-restricted diet of ⩽2.4 g/day (⩽100 mmol/
day).50 In study A, mean urinary sodium excretion decreased 
significantly by 0.25 mmol/24 h per month and by 0.41 
mmol/24 h per month in study B. In study A, averaged urinary 
sodium excretion and time varying urinary sodium excretion 
were significantly associated with kidney growth at 0.43%/
year and 0.09%/year, respectively, for each 18 mmol urinary 
sodium excretion. In study B, averaged urinary sodium excre-
tion was significantly associated with increased risk for the 
composite endpoint of time to death, ESRD, or a 50% reduc-
tion from the baseline eGFR (hazard ratio = 1.08 for each 18 
mmol/24 h increase in urinary sodium excretion, P = .010) 
and significantly associated with faster annual eGFR decline 
(–0.086 mL/min/year for each 18 mmol/24 h increase in uri-
nary sodium excretion). Current guidelines published by 
Hypertension Canada suggest reducing sodium intake toward 
5 g of salt or 87 mmol of sodium per day.53

Previous Recommendation:

1. We recommend that patients with ADPKD who are 
<50 years old with eGFR >60 mL/min/1.73 m2 and 
without significant cardiovascular comorbidities 
should have a target BP of ⩽110/75 mm Hg, realiz-
ing that in some patients an individual target may be 
needed.

Updated Recommendation:

1. No change.
2. We recommend salt restriction be followed as per 

current guidelines published by Hypertension 
Canada.

ADPKD-Specific Treatment Options

The Replicating Evidence of Preserved Renal Function: 
an Investigation of Tolvaptan Safety and Efficacy in 
ADPKD (REPRISE) trial was a phase 3 study designed to 
assess the efficacy and safety of tolvaptan in patients with 
advanced ADPKD using more frequent monitoring for 
liver toxicity.54 The trial included patients 18 to 55 years 
of age with eGFR 25 to 65 mL/min/1.73 m2 or 56 to 65 
years of age with eGFR of 25 to 44 mL/min/1.73 m2. The 
trial comprised a 1- to 2-week screening phase, a 1-week 
placebo run-in phase, a 2-week tolvaptan titration phase, 
and a 3-week tolvaptan run-in phase before patients were 
randomized to treatment with tolvaptan or placebo for 12 
months. Follow-up was carried out 2 weeks after the end 
of the 12-month period. The primary endpoint of the study 
was change in eGFR from baseline to follow-up, with 
adjustment for the duration each patient was in the trial, 
interpolated to 1 year. The decline in eGFR from baseline 
to follow-up was significantly slower in the tolvaptan 
group (–2.34 mL/min/1.73 m2) compared with the placebo 
group (–3.61 mL/min/1.73 m2; P < .001), demonstrating 
the efficacy of tolvaptan in this patient population. 
Elevated alanine aminotransferase (ALT) levels >3 times 
the upper limit of normal (ULN) were observed in 5.6% of 
patients treated with tolvaptan compared with 1.2% of 
patients in the placebo group. Levels returned to normal 
following discontinuation of tolvaptan.

Following the results of these two phase 3 trials, that is 
TEMPO 3:4 and REPRISE, the Food and Drug 
Administration (FDA) recently approved tolvaptan to 
slow disease progression of ADPKD in adults. Similar to 
the Canadian approbation, tolvaptan is available in the 
United States through a restricted distribution program 
because of the risk of serious liver injury including, unfor-
tunately, the need for a liver transplant in a treated patient 
from Japan.

The results of a phase 2 study comparing the tyrosine kinase 
inhibitor bosutinib to placebo in patients with ADPKD showed 
that bosutinib administered at 200 mg/day reduced kidney 
growth7; however, no change in eGFR was observed. The over-
all gastrointestinal and liver toxicity profile was consistent with 
the profile in prior studies of bosutinib, with no new toxicities 
identified.

A post hoc analysis of the HALT-PKD study did not 
show differences in outcomes (percentage change in TKV 
for study A; composite of time to ESRD, death, or 50% 
reduction in eGFR for study B; and change in eGFR for 
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both studies) between patients who never used statins and 
patients who used statins for at least 3 years.55 Although 
this study did not demonstrate a benefit of statin therapy, 
it may be considered in cases where there are other indica-
tions for chronic kidney disease (CKD). Further studies 
are required to evaluate the benefits of statin therapy in 
patients with ADPKD.56

An interim analysis of the Developing Interventions to 
Halt Progression of ADPKD 1 (DIPAK-1) study showed 
an increased risk of hepatic cyst infection with lanreotide 
treatment compared with standard care in female patients 
with ADPKD.57 Based on these results, comanagement of 
large hepatic cysts with a hepatologist in female patients 
with ADPKD should be considered. This study is ongoing 
and final data regarding the risk-benefit ratio of lanreotide 
are pending. For guidance on the management of renal 
complications including cyst infection, nephrolithiasis, 
hematuria, and chronic pain, we refer the reader to treat-
ment paradigms published by Lanktree and Chapman.9

Previous Recommendations:

1. We suggest that all patients be referred to a nephrolo-
gist for initial assessment to determine what treat-
ment should be initiated, in particular to initiate 
tolvaptan as soon as possible in patients determined 
to be appropriate candidates who would benefit from 
this therapy.

2. We recommend treatment with tolvaptan for 
patients who fulfill the enrollment criteria of the 
TEMPO 3:4 study: 18 to 50 years of age, Cockcroft-
Gault GFR >60 mL/min, and TKV >750 mL. In 
the absence of Cockcroft-Gault GFR, CKD-EPI 
>45 mL/min may be used, and in the absence of 
TKV, US KL >16.5 cm may be used.

3. We suggest treatment with tolvaptan for patients 
who, according to the Mayo Clinic Classification, 
are classified as 1D or 1E with eGFR in CKD stage 
3 or higher. Treatment with tolvaptan should be 
considered for patients who are classified as 1C 
and are <50 years old or have other risk factors for 
rapid progression. We do not recommend tolvaptan 
for patients classified as 1A or 1B.

4. We suggest that treatment with tolvaptan be stopped 
when the patient develops ESRD. In the predialysis 
setting, there are no data to guide when treatment 
with tolvaptan should be stopped.

Updated Recommendations:

1. We recommend considering treatment with tolvap-
tan for patients who fulfill the enrollment criteria of 
the TEMPO 3:4 study: 18 to 50 years of age with 
TKV >750 mL and eGFR >45 mL/min/1.73 m2.

2. We recommend treatment with tolvaptan for patients 
who fulfill the enrollment criteria of the REPRISE 
study:
•• 18 to 55 years of age with eGFR of 25 to 65 mL/

min/1.73 m2

OR
•• 56 to 65 years of age with eGFR of 25 to 44 mL/

min/1.73 m2 with historical evidence of a decline 
in eGFR >2.0 mL/min/1.73 m2/year.

We believe that, although there were no inclusion cri-
teria for kidney size, based on the abundance of evi-
dence that increased size of kidneys is relevant, these 
REPRISE criteria relate to those patients with ADPKD 
who have enlarged kidneys. In those patients with 
advanced or rapidly progressive CKD without enlarged 
kidneys, an alternate diagnosis for CKD should be 
investigated.

3. We suggest treatment with tolvaptan for patients who, 
according to the Mayo Clinic Classification, are clas-
sified as 1D or 1E with eGFR in CKD stages 1-4 
(eGFR >25 mL/min). Treatment with tolvaptan may 
be considered for patients who are classified as 1C 
and are <50 years old or have other risk factors for 
rapid progression, such as an annual decrease in eGFR 
of >2.5 mL/min/1.73 m2 and/or increase in TKV of 
>5% per year.

4. We suggest that treatment with tolvaptan be stopped 
when the patient develops ESRD. In the predialysis 
setting with eGFR <25 mL/min/1.73 m2, there are no 
data to guide when treatment with tolvaptan should 
be stopped.

Additional Considerations When Giving 
Tolvaptan

Several studies were identified that provided additional 
information to consider when giving tolvaptan to patients 
with ADPKD. A post hoc analysis of the TEMPO 3:4 
study showed that lower fasting morning urine osmolality, 
and therefore better eGFR, at baseline resulted in greater 
reduction in urine osmolality over 36 months of treatment 
with tolvaptan.58 Patients with greater reduction in urine 
osmolality experienced significant reduction in decline in 
renal function.

A second post hoc analysis of the TEMPO 3:4 trial 
evaluated aquaretic adverse events (AAEs) attributable to 
excess free water clearance in patients with ADPKD 
treated with tolvaptan.59 The study showed that AAEs 
were common but well tolerated, and that patients in ear-
lier stages of disease progression were more sensitive to 
AAEs. After 3 years of treatment, 75% of patients in the 
tolvaptan arm reported that that they would be able to tol-
erate their current dose of tolvaptan for the remainder of 
their lives compared with 85% of patients in the placebo 
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group. These results may be used to inform decisions 
regarding the dose and titration of tolvaptan in patients in 
earlier stages of disease progression so as to minimize 
AAEs and treatment discontinuation.

The open-label, 2-year extension trial TEMPO 4:4 was 
designed to assess the long-term efficacy and safety of tolvap-
tan in patients completing the TEMPO 3:4 study, and to com-
pare slopes of TKV growth in early-treatment (former tolvaptan 
arm of TEMPO 3:4 study) versus delayed-treatment (former 
placebo arm of TEMPO 3:4 study) groups.60 The change in 
TKV from baseline in TEMPO 3:4 to study end in TEMPO 4:4 
was 29.9% for early-treatment patients and 31.6% in delayed-
treatment patients. This difference was not significant, although 
the slope of TKV growth during TEMPO 4:4 was significantly 
higher in early-treatment patients (6.16%/year) compared with 
delayed-treatment patients (4.96%/year, P = .05). In addition, 
there was no difference in eGFR decline between early-treat-
ment patients and late-treatment patients. Treatment with 
tolvaptan maintained the slowing of eGFR decline for an addi-
tional 2 years in TEMPO 4:4 (3.15 mL/min/1.73 m2, P < .001). 
The adverse event profile was similar between TEMPO 3:4 
and TEMPO 4:4. The results of this study identified several 
key considerations when giving tolvaptan: (1) tolvaptan offers 
long-term benefit with a tolerable safety profile out to 5 years; 
(2) tolvaptan offers benefit to patients not only when initiated 
early but also when initiated later in the disease process; and (3) 

once patients are initiated on tolvaptan, slope of TKV growth 
and eGFR may be used to follow disease progression.

The TEMPO 3:4 extension Japan trial evaluated the 
long-term safety profile of tolvaptan up to an additional 3 
years in patients with ADPKD.61 The results of the study 
showed that extended use of tolvaptan did not increase the 
risk of hepatic or other adverse events, thus supporting the 
findings of the TEMPO 4:4 study. In this study, liver-
related AEs were monitored monthly; therefore, this study 
validates the current paradigm that monthly monitoring 
for hepatic AEs is sufficient to identify early hepatocel-
lular injury and to prevent those patients from reaching 
drug-induced liver injury (defined as 3 times the ULN in 
serum ALT or aspartate aminotransferase [AST] levels 
and 2 times the ULN in serum total bilirubin).

Updated Recommendations:

1. We recommend that patients with ADPKD on treat-
ment with tolvaptan follow a sodium-restricted diet 
of ⩽2.4 g/day (⩽100 mmol/day).

2. We suggest titrating tolvaptan to the maximal tol-
erated dose or to achieve a uOSM <250 mOsm/kg 
water. Consideration should be given to consulta-
tion with a dietician to minimize sodium and 
osmolal intake to help manage severe AAEs.

Appendix

Summary of Updated Recommendations.

Identifying patients with ADPKD

1.  We suggest that all patients with a diagnosis of ADPKD or suspected ADPKD be referred to a nephrologist for initial assessment. Initial assessment 
should include kidney imaging and, in some cases, genetic testing to determine the patient’s risk of rapid progression and to determine what treatment 
should be initiated.

Genetic testing

1.  Based on existing data, genetic testing is not necessary for selecting treatment options for patients with a confirmed diagnosis of ADPKD.
Renal imaging for diagnosis

1.  The preferred method for confirming the presence of ADPKD in patients with a family history is US imaging and the use of the Unified Criteria to 
establish diagnosis and determine if typical or atypical.

2.  In select circumstances, such as in patients without a family history of ADPKD, other imaging modalities, including CT or MRI, may be considered to 
diagnose ADPKD, particularly to detect cysts in younger patients.

Renal imaging for prognosis and disease progression

1.  We recommend that a baseline assessment of renal size be undertaken in patients with ADPKD. The objective of these measurements is to determine 
which patients are at risk of rapid progression and may be suitable candidates to be considered for therapeutic intervention based on their risk of 
progression.

2.  In patients with typical morphology, we recommend using US to measure KL, and MRI or CT to measure TKV (and to calculate htTKV where 
appropriate) or if a more precise measurement is required for therapeutic decisions. In cases where historical images are available, those images 
should be consulted before requesting new imaging.

3.  After a baseline assessment of renal size, not all patients require routine reassessment of renal size. If renal size reassessment is performed, we 
recommend it should not exceed a frequency of once yearly.

Assessing disease progression

1.  We recommend that in current clinical practice, patients with an htTKV measurement be categorized in terms of their risk of progression as per the 
Mayo Clinic Classification or other validated clinical tools.

2.  Currently available TKV-based prognostication tools should be applied only to class 1 (typical morphology) patients, as we suggest that these patients 
are likely to be rapid progressors. Certain patients may require further clinical evaluation.

(continued)
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3.  We suggest that patients be considered at risk of rapid progression of ADPKD renal disease if they meet either of the following criteria: (1) classified 
as Mayo class 1C, D, or E, or (2) have an US KL of >16.5 cm bilaterally.

4.  We suggest the following be used as markers of rapid progression: (1) a sequential increase of >5% annually in htTKV on imaging, or (2) documented 
disease progression (eg, rapid decline in eGFR, defined as decline in eGFR >2.5 mL/min/1.73 m2; patients in the placebo group of the TEMPO 3:4 study 
showed a decline in eGFR of 3.5 mL/min/1.73 m2).

Nontargeted treatment options

1.  We recommend that patients with ADPKD who are <50 years old with eGFR >60 mL/min/1.73 m2 and without significant cardiovascular morbidities 
should have a target BP of ⩽110/75 mm Hg, realizing that in some patients an individual target may be needed.

2.  We recommend salt restriction be followed as per current guidelines published by Hypertension Canada.
ADPKD-specific treatment options

1.  We recommend treatment with tolvaptan for patients who fulfill the enrollment criteria of the TEMPO 3:4 study: 18 to 50 years of age with TKV 
>750 mL and eGFR >45 mL/min/1.73 m2.

2.  We recommend treatment with tolvaptan for patients who fulfill the enrollment criteria of the REPRISE study:
•• 18 to 55 years of age with eGFR 25 to 65 mL/min/1.73 m2

OR
•• 56 to 65 years of age with eGFR of 25 to 44 mL/min/1.73 m2 with historical evidence of a decline in eGFR >2.0 mL/min/1.73 m2/year

We believe that, although there were no inclusion criteria for kidney size, based on the abundance of evidence that increased size of kidneys is relevant, 
these REPRISE criteria relate to those patients with ADPKD who have enlarged kidneys. In those patients who do not, an alternate diagnosis for CKD 
should be investigated.
1.  We suggest treatment with tolvaptan for patients who, according to the Mayo Clinic Classification, are classified as 1D or 1E with eGFR in CKD stages 

1-4 (eGFR >25 mL/min). Treatment with tolvaptan may be considered for patients who are classified as 1C and are <50 years old or have other risk 
factors for rapid progression, such as an annual decrease in eGFR of >2.5 mL/min/1.73 m2 and/or increase in TKV of >5% per year.

2.  We suggest that treatment with tolvaptan be stopped when the patient develops ESRD. In the predialysis setting with eGFR <25 mL/min/1.73 m2, 
there are no data to guide when treatment with tolvaptan should be stopped.

Additional considerations when giving tolvaptan

1.  We recommend that patients with ADPKD on treatment with tolvaptan follow a sodium-restricted diet of ⩽2.4 g/day (⩽100 mmol/day).
2.  We suggest titrating tolvaptan to the maximal tolerated dose or to achieve a uOSM <250 mOsm/kg water. Consideration should be given to 

consultation with a dietician to minimize sodium and osmolal intake to help manage severe AAEs.

Note. ADPKD = autosomal dominant polycystic kidney disease; US = ultrasound; CT = computed tomography; MRI = magnetic resonance imaging; KL = kidney length; TKV 
= total kidney volume; htTKV = height-adjusted total kidney volume; eGFR = estimated glomerular filtration rate; TEMPO = Tolvaptan Efficacy and Safety in Management 
of Autosomal Dominant Polycystic Kidney Disease and Its Outcomes; BP = blood pressure; REPRISE = Replicating Evidence of Preserved Renal Function: an Investigation of 
Tolvaptan Safety and Efficacy in ADPKD; ESRD = end-stage renal disease; AAEs = aquaretic adverse events.

Appendix. (continued)



14 Canadian Journal of Kidney Health and Disease

 2. Torres VE, Harris PC. Autosomal dominant polycystic kidney 
disease: the last 3 years. Kidney Int. 2009;76(2):149-168.

 3. Solazzo A, Testa F, Giovanella S, et al. The prevalence of auto-
somal dominant polycystic kidney disease (ADPKD): a meta-
analysis of European literature and prevalence evaluation in the 
Italian province of Modena suggest that ADPKD is a rare and 
underdiagnosed condition. PLoS One. 2018;13(1):e0190430.

 4. Akoh JA. Current management of autosomal dominant poly-
cystic kidney disease. World J Nephrol. 2015;4(4):468-479.

 5. Willey CJ, Blais JD, Hall AK, Krasa HB, Makin AJ, Czerwiec 
FS. Prevalence of autosomal dominant polycystic kidney 
disease in the European Union. Nephrol Dial Transplant. 
2017;32(8):1356-1363.

 6. Lentine KL, Xiao H, Machnicki G, Gheorghian A, Schnitzler 
MA. Renal function and healthcare costs in patients with poly-
cystic kidney disease. Clin J Am Soc Nephrol. 2010;5(8):1471-
1479.

 7. Tesar V, Ciechanowski K, Pei Y, et al. Bosutinib versus pla-
cebo for autosomal dominant polycystic kidney disease. J Am 
Soc Nephrol. 2017;28(11):3404-3413.

 8. Gansevoort RT, Arici M, Benzing T, et al. Recommendations for 
the use of tolvaptan in autosomal dominant polycystic kidney dis-
ease: a position statement on behalf of the ERA-EDTA Working 
Groups on Inherited Kidney Disorders and European Renal Best 
Practice. Nephrol Dial Transplant. 2016;31(3):337-348.

 9. Lanktree MB, Chapman AB. New treatment paradigms 
for ADPKD: moving towards precision medicine. Nat Rev 
Nephrol. 2017;13(12):750-768.

 10. Cornec-Le Gall E, Audrezet MP, Le MY, et al. Genetics and 
pathogenesis of autosomal dominant polycystic kidney dis-
ease: 20 years on. Hum Mutat. 2014;35(12):1393-1406.

 11. Igarashi P, Somlo S. Genetics and pathogenesis of polycystic 
kidney disease. J Am Soc Nephrol. 2002;13(9):2384-2398.

 12. Mochizuki T, Wu G, Hayashi T, et al. PKD2, a gene for poly-
cystic kidney disease that encodes an integral membrane pro-
tein. Science. 1996;272(5266):1339-1342.

 13. Iliuta IA, Kalatharan V, Wang K, et al. Polycystic kidney dis-
ease without an apparent family history. J Am Soc Nephrol. 
2017;28(9):2768-2776.

 14. Porath B, Gainullin VG, Cornec-Le GE, et al. Mutations in 
GANAB, encoding the glucosidase II alpha subunit, cause 
autosomal-dominant polycystic kidney and liver disease. Am J 
Hum Genet. 2016;98(6):1193-1207.

 15. Reddy BV, Chapman AB. A patient with a novel gene mutation 
leading to autosomal dominant polycystic kidney disease. Clin 
J Am Soc Nephrol. 2017;12(10):1695-1698.

 16. Torra Balcells R, Ars Criach E. Molecular diagnosis of 
autosomal dominant polycystic kidney disease. Nefrologia. 
2011;31(1):35-43.

 17. Pei Y. Diagnostic approach in autosomal dominant polycystic 
kidney disease. Clin J Am Soc Nephrol. 2006;1(5):1108-1114.

 18. Behjati S, Tarpey PS. What is next generation sequencing? 
Arch Dis Child Educ Pract Ed. 2013;98(6):236-238.

 19. Harris PC, Rossetti S. Molecular diagnostics for autoso-
mal dominant polycystic kidney disease. Nat Rev Nephrol. 
2010;6(4):197-206.

 20. Bae KT, Grantham JJ. Imaging for the prognosis of autoso-
mal dominant polycystic kidney disease. Nat Rev Nephrol. 
2010;6(2):96-106.

 21. Sise C, Kusaka M, Wetzel LH, et al. Volumetric determination 
of progression in autosomal dominant polycystic kidney dis-
ease by computed tomography. Kidney Int. 2000;58(6):2492-
2501.

 22. O’Neill WC, Robbin ML, Bae KT, et al. Sonographic assess-
ment of the severity and progression of autosomal dominant 
polycystic kidney disease: the Consortium of Renal Imaging 
Studies in Polycystic Kidney Disease (CRISP). Am J Kidney 
Dis. 2005;46(6):1058-1064.

 23. Grantham JJ, Torres VE, Chapman AB, et al. Volume 
progression in polycystic kidney disease. N Engl J Med. 
2006;354(20):2122-2130.

 24. Irazabal MV, Rangel LJ, Bergstralh EJ, et al. Imaging clas-
sification of autosomal dominant polycystic kidney disease: a 
simple model for selecting patients for clinical trials. J Am Soc 
Nephrol. 2015;26(1):160-172.

 25. Kim Y, Ge Y, Tao C, et al. Automated segmentation of 
kidneys from MR images in patients with autosomal domi-
nant polycystic kidney disease. Clin J Am Soc Nephrol. 
2016;11(4):576-584.

 26. Kline TL, Korfiatis P, Edwards ME, et al. Automatic total kid-
ney volume measurement on follow-up magnetic resonance 
images to facilitate monitoring of autosomal dominant poly-
cystic kidney disease progression. Nephrol Dial Transplant. 
2016;31(2):241-248.

 27. Pei Y, Obaji J, Dupuis A, et al. Unified criteria for ultra-
sonographic diagnosis of ADPKD. J Am Soc Nephrol. 
2009;20(1):205-212.

 28. Barua M, Pei Y. Diagnosis of autosomal-dominant polycys-
tic kidney disease: an integrated approach. Semin Nephrol. 
2010;30(4):356-365.

 29. Girardat-Rotar L, Braun J, Puhan MA, et al. Temporal and 
geographical external validation study and extension of the 
Mayo Clinic prediction model to predict eGFR in the younger 
population of Swiss ADPKD patients. BMC Nephrol. 
2017;18(1):241.

 30. Spithoven EM, van Gastel MD, Messchendorp AL, et al. 
Estimation of total kidney volume in autosomal dominant 
polycystic kidney disease. Am J Kidney Dis. 2015;66(5):792-
801.

 31. Horie S, Mochizuki T, Muto S, et al. Evidence-based clinical 
practice guidelines for polycystic kidney disease 2014. Clin 
Exp Nephrol. 2016;20(4):493-509.

 32. Yu ASL, Shen C, Landsittel DP, et al. Baseline total kidney 
volume and the rate of kidney growth are associated with 
chronic kidney disease progression in Autosomal Dominant 
Polycystic Kidney Disease. Kidney Int. 2018;93(3):691-699.

 33. Chapman AB, Guay-Woodford LM, Grantham JJ, et al. Renal 
structure in early autosomal-dominant polycystic kidney 
disease (ADPKD): the Consortium for Radiologic Imaging 
Studies of Polycystic Kidney Disease (CRISP) cohort. Kidney 
Int. 2003;64(3):1035-1045.

 34. Cornec-Le Gall E, Audrezet MP, Rousseau A, et al. The 
PROPKD score: a New algorithm to predict renal survival 
in autosomal dominant polycystic kidney disease. J Am Soc 
Nephrol. 2016;27(3):942-951.

 35. Chapman AB, Bost JE, Torres VE, et al. Kidney volume and 
functional outcomes in autosomal dominant polycystic kidney 
disease. Clin J Am Soc Nephrol. 2012;7(3):479-486.



Soroka et al 15

 36. Hateboer N, Dijk MA, Bogdanova N, et al. Comparison of phe-
notypes of polycystic kidney disease types 1 and 2. European 
PKD1-PKD2 Study Group. Lancet. 1999;353(9147):103-107.

 37. Cornec-Le Gall E, Audrezet MP, Chen JM, et al. Type of 
PKD1 mutation influences renal outcome in ADPKD. J Am 
Soc Nephrol. 2013;24(6):1006-1013.

 38. Rossetti S, Kubly VJ, Consugar MB, et al. Incompletely 
penetrant PKD1 alleles suggest a role for gene dosage in 
cyst initiation in polycystic kidney disease. Kidney Int. 
2009;75(8):848-855.

 39. Barua M, Cil O, Paterson AD, et al. Family history of renal 
disease severity predicts the mutated gene in ADPKD. J Am 
Soc Nephrol. 2009;20(8):1833-1838.

 40. Gansevoort RT, Meijer E, Chapman AB, et al. Albuminuria 
and tolvaptan in autosomal-dominant polycystic kidney dis-
ease: results of the TEMPO 3:4 Trial. Nephrol Dial Transplant. 
2016;31(11):1887-1894.

 41. Parikh CR, Dahl NK, Chapman AB, et al. Evaluation of urine 
biomarkers of kidney injury in polycystic kidney disease. 
Kidney Int. 2012;81(8):784-790.

 42. Torres VE, Grantham JJ, Chapman AB, et al. Potentially 
modifiable factors affecting the progression of autosomal 
dominant polycystic kidney disease. Clin J Am Soc Nephrol. 
2011;6(3):640-647.

 43. Boertien WE, Meijer E, Li J, et al. Relationship of copeptin, 
a surrogate marker for arginine vasopressin, with change in 
total kidney volume and GFR decline in autosomal dominant 
polycystic kidney disease: results from the CRISP cohort. Am J 
Kidney Dis. 2013;61(3):420-429.

 44. Helal I, McFann K, Reed B, Yan XD, Schrier RW, Fick-
Brosnahan GM. Serum uric acid, kidney volume and progres-
sion in autosomal-dominant polycystic kidney disease. Nephrol 
Dial Transplant. 2013;28(2):380-385.

 45. Cornec-Le Gall E, Blais JD, Irazabal MV, et al. Can we further 
enrich autosomal dominant polycystic kidney disease clini-
cal trials for rapidly progressive patients? Application of the 
PROPKD score in the TEMPO trial. Nephrol Dial Transplant. 
2017;33(4):645-652.

 46. Levey AS, Greene T, Beck GJ, et al. Dietary protein restric-
tion and the progression of chronic renal disease: what have 
all of the results of the MDRD study shown? Modification 
of Diet in Renal Disease Study group. J Am Soc Nephrol. 
1999;10(11):2426-2439.

 47. Lawson CR, Doulton TW, MacGregor GA. Autosomal domi-
nant polycystic kidney disease: role of the renin-angiotensin 
system in raised blood pressure in progression of renal and 
cardiovascular disease. J Renin Angiotensin Aldosterone Syst. 
2006;7(3):139-145.

 48. Amro OW, Paulus JK, Noubary F, Perrone RD. Low-osmolar 
diet and adjusted water intake for vasopressin reduction in 
autosomal dominant polycystic kidney disease: a pilot random-
ized controlled trial. Am J Kidney Dis. 2016;68(6):882-891.

 49. Girardat-Rotar L, Puhan MA, Braun J, et al. Long-term 
effect of coffee consumption on autosomal dominant poly-
cystic kidneys disease progression: results from the Suisse 
ADPKD, a Prospective Longitudinal Cohort Study. J Nephrol. 
2018;31(1):87-94.

 50. Torres VE, Abebe KZ, Schrier RW, et al. Dietary salt restric-
tion is beneficial to the management of autosomal dominant 
polycystic kidney disease. Kidney Int. 2017;91(2):493-500.

 51. Schrier RW, Abebe KZ, Perrone RD, et al. Blood pressure in 
early autosomal dominant polycystic kidney disease. N Engl J 
Med. 2014;371(24):2255-2266.

 52. Torres VE, Abebe KZ, Chapman AB, et al. Angiotensin block-
ade in late autosomal dominant polycystic kidney disease. N 
Engl J Med. 2014;371(24):2267-2276.

 53. Nerenberg KA, Zarnke KB, Leung AA, et al. Hypertension 
Canada’s 2018 guidelines for diagnosis, risk assessment, pre-
vention, and treatment of hypertension in adults and children. 
Can J Cardiol. 2018;34(5):506-525.

 54. Torres VE, Chapman AB, Devuyst O, et al. Tolvaptan in later-
stage autosomal dominant polycystic kidney disease. N Engl J 
Med. 2017;377(20):1930-1942.

 55. Brosnahan GM, Abebe KZ, Rahbari-Oskoui FF, et al. Effect of 
statin therapy on the progression of autosomal dominant poly-
cystic kidney disease. A secondary analysis of the HALT PKD 
trials. Curr Hypertens Rev. 2017;13(2):109-120.

 56. Cadnapaphornchai MA, George DM, McFann K, et al. Effect 
of pravastatin on total kidney volume, left ventricular mass 
index, and microalbuminuria in pediatric autosomal domi-
nant polycystic kidney disease. Clin J Am Soc Nephrol. 
2014;9(5):889-896.

 57. Lantinga MA, D’Agnolo HM, Casteleijn NF, et al. Hepatic 
cyst infection during use of the somatostatin analog lanreotide 
in autosomal dominant polycystic kidney disease: an interim 
analysis of the randomized open-label multicenter DIPAK-1 
study. Drug Saf. 2017;40(2):153-167.

 58. Devuyst O, Chapman AB, Gansevoort RT, et al. Urine osmo-
lality, response to tolvaptan, and outcome in autosomal domi-
nant polycystic kidney disease: results from the TEMPO 3:4 
Trial. J Am Soc Nephrol. 2017;28(5):1592-1602.

 59. Devuyst O, Chapman AB, Shoaf SE, et al. Tolerability of 
aquaretic-related symptoms following tolvaptan for autosomal 
dominant polycystic kidney disease: results from TEMPO 3:4. 
Kidney Int Rep. 2017;2(6):1132-1140.

 60. Torres VE, Chapman AB, Devuyst O, et al. Multicenter, open-
label, extension trial to evaluate the long-term efficacy and 
safety of early versus delayed treatment with tolvaptan in auto-
somal dominant polycystic kidney disease: the TEMPO 4:4 
Trial. Nephrol Dial Transplant. 2018;33(3):477-489.

 61. Muto S, Okada T, Yasuda M, et al. Long-term safety profile 
of tolvaptan in autosomal dominant polycystic kidney disease 
patients: TEMPO Extension Japan Trial. Drug Healthc Patient 
Saf. 2017;9:93-104.


