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ABSTRACT 

Background. Genomic and ultrasound tests can provide diagnostic and prognostic information on autosomal-dominant 
polycystic kidney disease ( ADPKD) , and can screen first-degree relatives in whom early diagnosis can be advantageous. 
We conducted a systematic mapping review on test accuracy and characteristics over time. 
Methods. Medline, Embase, and Cochrane were searched ( August 2023) for studies in first - degree relatives/individuals 
clinically diagnosed with ADPKD receiving genomic or ultrasound tests. Acceptable reference standards for 
sensitivity/detection rate and specificity were definitive imaging or genomic confirmation. Genomic studies were 
categorized by technology and read length. Relationships between sensitivity, specificity, genomic technology, diagnostic 
criteria/reference standard, and genes tested were compared. 
Results. From 1029 non-duplicate titles retrieved, 51 genomic and 7 ultrasound studies were included. There were no 
genomic studies in first-degree relatives. Among studies in patients with clinical diagnoses, genomic sequencing 
methodologies were highly heterogeneous [next generation ( short read ( n = 20) , long read ( n = 1) ) , targeted Sanger 
( n = 19) , whole exome ( n = 1) with additional multi-ligation probe analysis ( n = 13) ]. Median sensitivity was 78% 

( Interquartile range 65% to 88%) . Ultrasound sensitivity and specificity generally improved with age and were worse in 

PKD2 patients compared to PKD1 ( lowest reported 31% and 88%, respectively, in polycystic kidney disease ( PKD) 2 patients 
aged 5–14; highest 100% and 100%, respectively, in multiple gene/age categories) . 
Conclusions. Despite technological advances, sensitivity of genomic tests appeared static between 2000 and 2023. 
Possible explanations include clinical diagnostic criteria ( and hence populations recruited) widening from PKD1 to 
include PKD2 and atypical phenotypes, and small incremental gains of testing genes other than PKD1 and PKD2. For 
people at risk of ADPKD in genetically unresolved families, the accuracy of ultrasound is uncertain. Unified genomic test 
taxonomies would facilitate future reviews. 
Registration: PROSPERO CRD42023456727. 
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GRAPHICAL ABSTRACT 
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Conclusion: Despite technological advances, sensitivity of genomic tests 
appeared static over time. Ultrasound sensitivity has only been evaluated in 
populations at risk of inheriting PKD1 and PKD2. 

The diagnostic accuracy of ultrasound and genomic tests for the 
diagnosis of autosomal-dominant polycystic kidney disease:
a systematic mapping review

Diagnostic and prognostic information on autosomal dominant polycystic kidney disease (ADPKD) can be
obtained using genomic testing, and alongside ultrasound can screen first-degree relatives.

Methods Results

Systematic mapping review 
of studies 2000–2023

Databases:
•OVID Medline
•OVID Embase
•Cochrane Library

Populations:

Affected

or

At risk

51 studies:
none in people at risk

Genomic

Technology advances in:
techniques and number of
causative genetic variants

Sensitivity: 
Median 78% (Q1 65%, Q3 88%)
in individuals diagnosed with US
reference standards

Ultrasound

7 studies:
in people at risk

Populations covered:
people at risk of inheritance
(PKD1 and PKD2)

Sensitivity:
Range 31%–100% and 88%–100%
Improved with age and
better in PKD1 than PKD2

Keywords: ADPKD, detection rate, diagnosis, genomic tests, ultrasonography 
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KEY LEARNING POINTS 

What was known : 

• People at risk of inheriting ADPKD can be screened for the
• Genomic testing technologies have evolved rapidly over th
• With the cost of genomic testing falling, some clinicians n

genomic variant in the affected individual is known.

This study adds: 

• We found no genomic studies conducted in patients at risk
• Overall, despite improvements in genomic methods, the 

pear to have improved over time; this may be due to the w
detection rate provided by testing genes other than PKD1 

• We found no studies evaluating ultrasound in patients w
accuracy therefore remains unclear in these growing popu

Potential impact: 

• Clinicians screening populations at risk of ADPKD shoul
relatives of those with ADPKD not caused by PKD1 and PK

• Decision-makers considering investing in genomic techno
of broader genomic panels when individuals affected by t

NTRODUCTION 

utosomal-dominant polycystic kidney disease ( ADPKD) is the 
ost common hereditary kidney disease, affecting an esti- 
ated 12 million individuals worldwide [1 ]. Being dominantly 
ase using ultrasound or genomic testing.
st 20 years.
ve the choice between the two screening methods when the 

DPKD, only in those already diagnosed using other methods.
itivity of genomic tests reported in the studies does not ap- 
ing population being tested and small incremental gains in 
KD2.
enetic variants other than PKD1 and PKD2. Ultrasound test 
ns.

reciate that the sensitivity and specificity of ultrasound in 
 unknown.
s should be aware of the relatively small incremental value 
variants are few.

nherited, first-degree relatives have a 50% risk of developing 
he condition [2 ]. It is characterized by cystic expansion of the 
idneys, progressing to bilateral kidney enlargement and sub- 
equent chronic kidney disease ( CKD) [3 ]. Symptoms typically 
egin around age 30 [4 ], and 50% of people with ADPKD require
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idney replacement therapy by age 60 [5 ]. Although ADPKD is
rimarily caused by variants in PKD1 and PKD2 genes, ongoing
iscoveries of other causative genes have revealed greater 
enomic heterogeneity than previously understood [3 , 6 ].
ven within PKD1 and PKD2 genes, there is significant allelic
eterogeneity with > 1200 and almost 190 pathogenic/likely 
athogenic variants identified for PKD1 and PKD2 , respectively 
7 ]. Most identified families have unique variants, with fewer
han 2% of unrelated ADPKD-affected families sharing the same 
ariant [8 ]. 

ADPKD diagnosis is mostly based on imaging and family 
istory, and it can be difficult to differentiate from other cystic
idney diseases when imaging results are atypical or in young
ndividuals with a negative family history [6 ]. By age 40, a diag-
osis of ADPKD can be ruled out in people who have no more
han one kidney cyst [9 ]. Genomic testing can provide a definitive
iagnosis for patients, relatives at risk of inheriting the disease,
nd for individuals who are seeking genomic consultation 
rior to pre-implantation genomic diagnosis for reproduction 
r living kidney donor transplantation [6 ]. If possible, genomic
esting of a family member who has a clinical diagnosis of
DPKD using a full diagnostic genomic test, usually including 
KD1 and PKD2 genes as a minimum, is the recommended first
tep when genomic testing individuals at risk of inheriting 
DPKD is being performed. If a pathogenic variant is identified
n this family member, then predictive testing in their relatives
an be offered by targeted analysis of the familial pathogenic
ariant. 

Historically, guidelines have hesitated to recommend ge- 
omic screening due to costs and limited accessibility [10 ]. The
idney Disease Improving Global Outcomes ( KDIGO) clinical 
ractice guidelines state that an ultrasound diagnosis can be 
sed even when the family is genetically resolved [11 ]. These
uidelines have been designed to be applicable to healthcare 
ystems worldwide and as costs associated with genomic tests 
rop, gene panels broaden, and technology advances, a review 

f contemporary evidence to inform clinical practice guide- 
ines is required. Earlier diagnosis has the potential to enable
arlier management and improve outcomes for people with 
DPKD. This can occur through earlier access to lifestyle and
edication interventions, family planning, and living donation 

nformation [12 , 13 ]. This systematic mapping review aims to 
escribe and characterize the available diagnostic accuracy 
iterature relating to ultrasound and genomic tests for people 
t risk of ADPKD. We aim to look at the changes in technology
nd chart the sensitivity of genomic tests over time and the
iagnostic accuracy of ultrasound tests, to provide an overview 

f this fast-paced and complex topic. 

ATERIALS AND METHODS 

his systematic mapping review is reported in line with rec-
mmendations made by PRISMA for scoping reviews [14 ], since
here is no guidance for mapping reviews. We also considered
elevant items from the PRISMA guidance for reporting diag- 
ostic test accuracy reviews [15 ]. There is no standard definition
f a mapping review [16 ], but they are generally descriptive in
ature, do not include statistical synthesis, but rather use graph-
cal, tabular, and narrative methodologies to characterize the 
iterature. 

The protocol was registered on the PROSPERO database 
 record number CRD42023456727) , but some changes were 
ade to the protocol as detailed in Online Supplement 1
earch strategy 

otentially relevant articles were identified by searching Ovid
edline, Ovid Embase, and the Cochrane Library from inception

o August 2023. Relevant subject headings and free-text terms
o represent ‘Autosomal Dominant Polycystic Kidney Disease’ 
ND ‘ultrasound’ OR ‘genetic screening’ were used. A validated
earch filter to identify diagnostic studies was applied [17 ], but
he studies were not limited by year or language. Reference lists
f relevant studies and reviews, and relevant articles in the Sim-
lar Articles feature in PubMed, and the Cited Reference Search
n ISI Web of Science were also screened. The following relevant
onferences were searched for the past 3 years: American Soci-
ty of Nephrology Kidney Week, World Congress of Nephrology,
nd European Renal Association Congress. Full details of the
earch dates and strategies are available in Online Supplement 2

tudy selection 

he selection criteria for the review are reported in Table 1 .
tudies of ultrasound were included if they recruited first-
egree relatives of people with ADPKD ( i.e. people with 50%
isk of having ADPKD) and the reference standard was imaging
fter age 40 years according to published criteria ( e.g. Pei et al.
18 ], Pei et al. [19 ], Torres et al. [20 ]) , or genomic confirmation
y any genomic method ( e.g. gene linkage analysis, Sanger
equencing) . Studies using high-resolution ultrasound were ex- 
luded because standard ultrasound remains the predominant 
ethod in clinical use. 
Studies of genomic tests or diagnostic strategies including

enomic tests were included if they recruited either first-degree
elatives of people with an ADPKD diagnosis, or people with
r without a family history with a clinical ADPKD diagnosis
ccording to published diagnostic criteria ( e.g. Pei et al. [18 ],
ei et al. [19 ], Torres et al. [20 ]) , because these are the groups
he tests would be used in. The reference standard could be a
iagnosis using published criteria, or a genomic diagnosis. This
as a change from the published protocol because no studies
et the original criterion ( see Online Supplement 1) . 
In both reviews, prenatal populations were excluded since

hort follow-up meant it was not clear if all the foetuses grew
p to have the disease, and the pathogenic variant may have
esulted in prenatal death such that testing in a child would
ever have been necessary. 
We did not restrict inclusion to studies using the Ameri-

an College of Medical Genetics and Genomics guidance for
he interpretation of sequence variants [21 ], but attempted
o standardize definitions where possible ( see the section on
Sensitivity’) . 

Two reviewers ( S.H. and M.G.) separately used Covidence 
ith AI-assisted study prioritization to screen studies according
o the inclusion criteria, considering first the title and abstract,
hen examining the full texts of the remaining articles. Any dis-
greements were resolved through discussion and involvement 
f a third reviewer ( J.F.) . 

ata extraction and quality assessment 

 data extraction form was created in Google Sheets, piloted
n two articles and improved where necessary. Data extraction
elds and methods are provided in Online Supplement 2 but 
riefly comprised data extraction, data coding, and data double-
hecking by a second reviewer with resolution of disagreements
hrough discussion. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
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Table 1: The selection criteria for the review. 

Genomic test or strategy utilizing genomic test( s) Grey-scale ultrasound 

Population 1st degree relatives of patients 
with an ADPKD diagnosis 
( clinical or genomic) 

People with a clinical ADPKD 

diagnosis according to Pei et al., 2009 
[18 ] or Ravine et al. 1994 [28 ].a With or 
without a family history, related or 
unrelated ( preferred) .c 

1st degree relatives of patients 
with an ADPKD diagnosis ( clinical 
or genomic) 
Studies in foetuses were excluded 

Index test Genomic test or diagnostic strategy utilizing genomic tests Grey-scale ultrasound 

Reference standard Imaging according to Pei et al. 2009 [18 ] or Ravine et al. 1994 [28 ].a 

or genomic confirmation b 
Imaging according to Pei et al. 2009 
[18 ] or Ravine et al. 1994 [28 ],a after 
age 40 or genomic confirmation b 

Target condition ADPKD 

Outcome ● Sensitivity and specificity; TP, FP, TN, FN. If not available, diagnostic rate ( sensitivity) d . 
● Rates of pathogenic variants, variants of unknown significance, no pathogenic variants etc. 

Study design Diagnostic test accuracy studies. If none available, studies reporting sensitivity only were eligible. 

Abbreviations: CT, computed tomography; FN, false negative; FP, false positive; MRI, magnetic resonance imaging; TN, true negative; TP, true positive. 
a Studies that used alternative criteria, e.g. Torres et al. 2012 [20 ], for atypical presentations were also included; Studies that considered negative scans in patients before 
40 years of age as definitive were excluded; studies that applied Pei et al. 2015 [19 ] criteria for CT and MRI imaging or Pei et al. 2009 [18 ] or Ravine et al. 1994 [28 ] criteria 

for ultrasound were included. In cases of doubt about recruitment criteria, clinical experts were consulted. 
b No limits were placed on the type of genomic confirmation. For genomic studies, only extracted data using a genomic reference standard if no data using an imaging 
reference standard were available from that study. 
c Where there was a choice, data for unrelated probands were extracted in preference to data for a mix of related and unrelated participants. 
d Diagnostic rate was only acceptable where studies recruited only patients with a clinical ADPKD diagnosis, and in this circumstance is equivalent to sensitivity of the 
test since all participants have clinical ADPKD ( i.e. are reference-standard positive and therefore comprise all true positives and false negatives, but no true negatives 
or false positives) . 
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Table 2: Sequencing technology component definitions [81 , 82 ]. 

Components of 
genomic testing Definition 

Technology The specific tools and platforms used to 
sequence and analyse DNA 

Read length The length of DNA sequence read by a 
sequencing machine in a single run, typically 
ranging from 50 to several thousand base 
pairs 

Enrichment 
method 

Techniques used to selectively capture and 
sequence specific regions of the genome 

Analysis Computational processes and algorithms 
used to interpret raw sequencing data 
including the examination of specific sets of 
genes 

Genomic 
structural 
variation 
analysis 

The identification of changes such as 
deletions, insertions, inversions, 
translocations, single nucleotide variations, 
and copy number variations 
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As none of the studies of genomic tests were true diagnostic 
est accuracy studies and were therefore of generally low 

uality, QUADAS 2 [22 ] quality assessment was not performed. 

apping analysis 

he evidence map was primarily analysed according to two 
ain criteria: 

 i) Test type: ultrasound studies were grouped separately from 

genomic studies. Genomic studies were then categorized 
according to the sequencing technology used. These se- 
quencing technology components are defined in Table 2 and 
categories described in Online Supplement 3 Studies were 
grouped by technology used ( Sanger or next generation) ,
the genomic target ( targeted gene, whole exome or whole 
genome) , and whether the read length was short ( first and 
second generation) or long ( third generation) .

 ii) Population: the criteria used to recruit patients may affect 
the detection rate since early clinical definitions were largely 
based on PKD1 ( Ravine [28 ]) and then expanded to PKD2 ( Pei 
[18 ] and Pei [19 ]) . Studies were therefore grouped according 
to the criteria used to define the clinical diagnosis of ADPKD.
Clinical criteria included Ravine [28 ], Pei [18 ] for ultrasound,
and Pei [19 ] for MRI or sometimes CT. Other criteria could be 
used for atypical presentations, such as Torres et al. [20 ]. Stud- 
ies could cite published criteria, or accurately describe the 
criteria that were then matched to the corresponding cita- 
tion. Studies that recruited patients according to a genomic 
diagnosis were grouped separately.

everal plots were then generated using R version 4.4 to show 

rends over time for factors including recruitment criteria, test 
ypes, gene targets, and detection rate. Changes in longitudinal 
etection rate were estimated using the ggplot2 generalized lin- 
ar model smoothed conditional mean function, weighted for 
tudy size, with a binomial link function. 

ESULTS 

he search strategy retrieved a total of 1078 titles, from which 
7 duplicates were removed. Of the 1051 records remaining, 828 
ere excluded on the basis of their title or abstract. The full
ext of 223 studies were assessed for eligibility, and of these 165 
ere excluded ( see Fig. 1 for reasons) . Seven studies [18 , 23 –28 ] 
f ultrasound and 50 studies [6 , 8 , 29 –76 ] of genomic tests were
ncluded in the review. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
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Figure 1: PRISMA flow chart showing the process of study selection for the review. 
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tudies of genomic tests 

ocation of studies 

he countries of origin of the included studies are mapped in
ig. 2 . The country contributing the most studies was China
 n = 10) [42 , 46 , 49 , 51 , 52 , 71 –75 ], followed by the USA ( n = 6)
35 , 63 , 64 , 67 , 68 , 77 ]. The remainder were from across the
lobe, including Canadian, European Middle Eastern, and Asian 
tudies. 

ecruitment criteria 

mong the 51 genomic test studies ( Table 3 ) patients were 
ecruited according to Pei et al. 2009 [18 ] and its extension Pei
t al. 2015 [19 ] ( n = 25 studies) [6 , 8 , 30 , 31 , 34 , 35 , 37 , 38 , 41 , 43 , 44 ,
6 –49 , 53 , 55 –57 , 62 , 65 –67 , 71 , 72 ], most often. These criteria were
erived in PKD1 and PKD2 patients. Ravine et al.’s [28 ] criteria,
hich targeted PKD1 patients, were used in 16 studies [29 , 33 , 36 ,
0 , 45 , 51 , 58 –61 , 63 , 64 , 73 –76 ]. Other imaging criteria ( Torres et al.
20 ], Torres et al. 2017 [78 ], KDIGO guideline criteria) were used
n a further five studies [39 , 42 , 50 , 52 , 54 ], and these are likely to
ecruit a wider population than just PKD1 and PKD2 . Four studies
ecruited people using genomic tests: one [69 ] targeted people
ith PKD1 and PKD2 pathogenic variants and aimed to include
s many different variants as possible, while the other three
32 , 68 , 77 ] did not state which genes were targeted. One study
sed PKD2 families previously analysed by linkage analysis [70 ].
urprisingly, Ravine et al .’s 1994 [28 ] criteria were used to recruit
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Figure 2: Map of origin of included studies. 
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atients in four studies [29 , 58 , 61 , 74 ] published between 2018 to 
020. However, overall, due to the criteria used, the populations 
ncluded in more recent studies were more heterogeneous and 
ess phenotypically characteristic of PKD1 / PKD2 pathogenic 
ariants ( Fig. 3 a) . 

eference standard 

n nearly all cases, the reference standard was the same as the 
ecruitment criteria. As already noted, these studies are only 
ble to estimate detection rate ( sensitivity) and cannot estimate 
pecificity. 

est types 

mong the 51 genomic test studies [6 , 8 , 29 –77 ] ( Table 3 ) , there 
as a similar number of studies of targeted Sanger sequencing 

 n = 18) [8 , 29 , 30 , 33 , 34 , 36 , 40 , 43 , 45 , 49 , 51 , 52 , 57 –61 , 77 ] and
argeted short read next-generation sequencing ( n = 17) [6 , 37 ,
9 , 41 , 46 , 48 , 50 , 54 , 55 , 62 , 65 , 67 , 69 , 71 , 72 , 74 , 76 ]. There was
nly one study of targeted long read next-generation sequenc- 
ng [32 ], one of WGS short read next-generation sequencing 
53 ], two of WES short read next-generation sequencing [35 ,
8 ], eight tests used a combination of technologies [42 , 44 , 47 ,
3 , 64 , 66 , 68 , 73 ], and four reported on other types of genomic 
ests [31 , 56 , 70 , 75 ]. Studies were published from 2000 to 2023 
 date of searches) . 

Figure 3 b charts the types of test used over time. Sanger 
equencing has been used consistently throughout the period,
hile the application of next-generation technologies to ADPKD 

iagnosis was first reported in 2008 and use has increased over 
ime. The one study of long read technology was published 
n 2017 [32 ]. Studies on tests used in combination started in 
002, with early studies focusing on DHPLC followed by Sanger 
equencing [36 , 63 , 64 , 68 , 73 ], and later studies mostly using 
ombinations of next-generation sequencing, MLPA and Sanger 
ut not always in the same order [42 , 44 , 47 , 66 ]. Other test 
ypes encountered included high-resolution melt ( HRM) [31 ,
6 , 70 ] and single-strand conformation polymorphism analysis 
 SSCP) [75 ]. 
ene targets 

he genes targeted by genomic tests also broadened over time 
 Fig. 3 c) . Four of the seven studies [29 , 33 , 42 , 45 , 52 , 59 , 60 ]
hat only focused on PKD1 were among the five earliest studies 
onducted ( 2000 to 2002) [33 , 45 , 59 , 60 , 63 ]. Testing for genes 
eyond PKD1 started with the inclusion of PKD2 by Rossetti 
t al . [63 ], and expanded beyond PKD1 and PKD2 in 2017, when
liuta et al. [44 ] included GANAB and HNF1B . Later tests [6 , 38 ]
roadened into COL4A1 , DNAJB11 , REN , and UMOD . 

ensitivity 

eterogeneity in the terminology used to categorize pathogenic 
ariants supported grouping terminology erring towards the 
ariant being pathogenic together. e.g. pathogenic, prob- 
bly/likely/definitely/strong pathogenic, disease-causative,
ossibly damaging. To plot detection rate over time a subgroup 
f studies that reported both pathogenic/definitely pathogenic 
nd likely/probably pathogenic ( or similar terms) variants were 
elected. Studies were further grouped into three categories, to 
atch the recruitment criteria to the genes tested ( Ravine [28 ] 
riteria, only genomic tests for PKD1 or more were included; 
ei 2009/2015 [19 ], genomic tests for PKD1 and PKD2 or more 
ere included; other criteria, only genomic tests for PKD1 , PKD2 ,
nd at least one other gene were included) . Figure 4 plots the 
ensitivity of the tests for these three subgroups. Across all 
hree groups, the median detection rate was 78% ( interquartile 
ange 65% to 88%, total range 32% to 100%) . Sensitivity remained 
airly stable over the years ( Ravine [28 ] subgroup, range 32% [59 ]
o 90% [51 ] and Pei 2009/2015 subgroup, range 41% [55 ] to 100%)
30 , 62 ] or had too few points for inference ( Others subgroup) . 

ltrasound studies 

he characteristics of the seven studies [18 , 23 –28 ] are outlined
n Table 4 . The date of studies ranged from 1990 [27 ] to 2009
18 ] ( NB Pei et al. 2015 [19 ] did not meet the inclusion criteria
s it used high-resolution ultrasound) . All [18 , 23 –28 ] recruited 
eople at 50% risk of ADPKD from families with. PKD1 ( n = 4)



Ultrasound and genomic tests for diagnosing ADPKD 7

Ta
b
le
 
3:
 
C
h
ar
ac

te
ri
st
ic
s 
of
 
st
u
d
ie
s 
in
cl
u
d
ed

 
in

 
th

e 
re
vi
ew

. 

A
u
th

or
, y

ea
r,
 
co

u
n
tr
y 

N
 
in

 
st
u
d
y 

Pr
ob

an
d
/ 

p
er

 
fa
m

il
y?

 
Fa

m
il
y 
h
is
to
ry

 

R
ef
er
en

ce
 

st
an

d
ar
d
 a 

G
en

es
 
ta
rg
et
ed

 

En
ri
ch

m
en

t 
m
et
h
od

 

Sm
al
l s

eq
u
en

ce
 

va
ri
an

t 
an

al
ys

is
 

C
op

y 
n
u
m
be

r 
va

ri
an

t 
an

al
ys

is
 

Ta
rg

et
ed

 
S
an

ge
r 
se

q
u
en

ci
n
g
( n
 
= 

18
) 

Pe
i 2

00
9 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

4)
 

A
li
 
20

19
 
[3
0 ]
 

K
u
w
ai
t 

6 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

W
it
h
 
fa
m

il
y 
h
is
to
ry

 
Pe

i 2
00

9 
PK

D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

A
u
d
re
ze

t 
20

12
 
[8
 ] 

Fr
an

ce
 

52
8
( w

it
h
 
FH

) 
17

2
( W

it
h
ou

t 
FH

) 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

W
it
h
 
fa
m

il
y 
h
is
to
ry

 

W
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

H
w
an

g 
20

16
 
[4
3 ]
 

C
an

ad
a 

22
0 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

Li
 
20

22
 
[4
9 ]
 

C
h
in
a 

19
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 ;
 

G
A
N
A
B 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

Pe
i 2

00
9 
an

d
 
To

rr
es

 
20

12
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Li
u
 
20

14
a 
[5
2 ]
 

C
h
in
a 

10
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Fa
m

il
y 
h
is
to
ry
: 

Pe
i 2

00
9;
 
n
o 

fa
m

il
y 
h
is
to
ry
, 

To
rr
es

 
20

12
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

Pe
i 2

00
9/
20

15
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

2)
 

C
ar

re
ra

 
20

16
 
[3
4 ]
 

It
al
y 

44
0 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9/
20

15
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

O
ri
si
o 
20

23
 
[5
7 ]
 

It
al
y 

19
8 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9/
20

15
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

R
av

in
e 
19

94
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

10
) 

A
bd

el
w
ah

ed
 
20

18
 
[2
9 ]
 

Tu
n
is
ia
 

18
 

So
m
e 
re
la
te
d
 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

B
u
rt
ey

 
20

02
 
[3
3 ]
 

Fr
an

ce
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

C
ri
te
ri
a 

eq
u
iv
al
en

t 
to

 

R
av

in
e 
19

94
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

N
on

e 

C
h
an

g 
20

13
 
[3
6 ]
 

Ta
iw

an
 

46
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

G
ar
ci
a-
G
on

za
le
z 
20

07
 
[4
0 ]
 

C
an

ad
a 

82
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

In
ou

e 
20

02
 
[4
5 ]
 

Ja
p
an

 

8 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

N
on

e 

Li
u
 
20

15
 
[5
1 ]
 

C
h
in
a 

49
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

Pa
n
d
it
a 
20

19
 
[5
8 ]
 

In
d
ia
 

12
5 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

M
LP

A
 

Ph
ak

d
ee

ki
tc
h
ar
oe

n
 
20

00
 
[5
9 ]
 

T
h
ai
la
n
d
 

37
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

N
on

e 

Ph
ak

d
ee

ki
tc
h
ar
oe

n
 
20

01
 
[6
0 ]
 

T
h
ai
la
n
d
 

37
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 

A
m
p
li
co

n
 

N
A
 

N
on

e 

R
aj
 
20

20
 
[6
1 ]
 

In
d
ia
 

84
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/18/7/sfaf187/8161694 by School of H

lth & R
elated R

esearch (Scharr) user on 24 July 2025



8 S. Harnan et al.

Ta
b
le
 
3:
 
C
on

ti
n
u
ed

 

A
u
th

or
, y

ea
r,
 
co

u
n
tr
y 

N
 
in

 
st
u
d
y 

Pr
ob

an
d
/ 

p
er

 
fa
m

il
y?

 
Fa

m
il
y 
h
is
to
ry

 
R
ef
er
en

ce
 
st
an

d
ar
d
 a 

G
en

es
 
ta
rg
et
ed

 

En
ri
ch

m
en

t 
m
et
h
od

 

Sm
al
l s

eq
u
en

ce
 

va
ri
an

t 
an

al
ys

is
 

C
op

y 
n
u
m
be

r 
va

ri
an

t 
an

al
ys

is
 

G
en

om
ic
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Li
u
 
20

14
b 
[7
7 ]
 

U
SA

 

8 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

Sa
n
ge

r 
ge

n
ot
yp

in
g 

PK
D
1;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

N
ex

t-
ge

n
er
at
io
n
 
se

q
u
en

ci
n
g:
 
ta
rg
et
ed

—
sh

or
t 
re
ad

( n
 
= 

17
) 

Pe
i 2

00
9 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

10
) 

C
h
oi
 
20

14
 
[3
7 ]
 

So
u
th

 
K
or

ea
 

20
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

Ji
n
 
20

16
 
[4
6 ]
 

C
h
in
a 

14
8 

U
n
cl
ea

r 
Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

K
in
os

h
it
a 
20

16
 
[4
8 ]
 

Ja
p
an

 

10
1 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

M
oc

h
iz
u
ki
 
20

19
 
[5
5 ]
 

Ja
p
an

 

11
1 

U
n
cl
ea

r 
N
ot

 
re
p
or

te
d
 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 
+ 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

R
an

jz
ad

 
20

17
 
[6
2 ]
 

Ir
an

 

18
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

W
it
h
 
fa
m

il
y 
h
is
to
ry

 
Pe

i 2
00

9 
PK

D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

R
os

se
tt
i 2

01
2 
[6
5 ]
 

N
R
( p
os

si
bl
y 
U
SA

) 
18

3 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

Ta
n
 
20

14
 
[6
7 ]
 

U
SA

 

25
; 3

; 2
5 b

 

U
n
cl
ea

r 
N
ot

 
re
p
or

te
d
 

Sa
n
ge

r 
se

q
u
en

ci
n
g 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

X
u
 
20

18
 
[7
1 ]
 

C
h
in
a 

12
0 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

Y
an

g 
20

14
 
[7
2 ]
 

C
h
in
a 

7 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

Y
u
 
20

22
 
[6
 ] 

Ta
iw

an
 

88
2 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1,
 
PK

D
2,
 
PK

H
D
1,
 

G
A
N
A
B,
 
A
LG

8,
 

D
N
A
JB
11

 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

Pe
i 2

01
5 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

H
os

se
in
p
ou

r 
20

22
 
[4
1 ]
 

Ir
an

 

32
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

01
5 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

R
av

in
e 
19

94
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

2)
 

Z
h
an

g 
20

19
 
[7
4 ]
 

C
h
in
a 

62
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 ;
 
PK

H
D
1 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

Z
h
ao

 
20

08
 
[7
6 ]
 

C
an

ad
a 

3 
Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 
in

 

Pr
ob

an
d
s 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

Pe
i 2

00
9/
To

rr
es

 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Fu
ji
m
ar
u
 
20

18
 
[3
9 ]
 

Ja
p
an

 

53
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

W
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 
C
T
 
or

 
M
R
I
( >

 10
 
cy

st
s 

in
 
ea

ch
 
ki
d
n
ey

) , 
Pe

i 
20

09
, T

or
re
s 
20

12
, 

To
rr
es

 
20

17
 

69
 
ge

n
es

 
ca

u
si
n
g 

h
er
ed

it
ar
y 
re
n
al
 
cy

st
ic
 

d
is
ea

se
 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 
p
an

el
 

N
G
S 
C
N
V
 

O
th

er
 
im

ag
in
g 
re
cr
u
it
m
en

t 
cr
it
er
ia
 c 
( n
 
= 

2)
 

Li
n
d
em

an
n
 
20

23
 
[5
0 ]
 

G
er
m

an
y 

44
1 

12
3 

U
n
cl
ea

r 
Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Im
ag

in
g 
as

 
p
er

 

fo
ot
n
ot
e c
 

PK
D
1 ;
 
PK

D
2 ;
 
G
A
N
A
B
; 

H
N
F1

b 
A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

M
an

to
va

n
i 2

02
0 
[5
4 ]
 

It
al
y 

19
1 

U
n
cl
ea

r 
Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 
cr
it
er
ia
 
fo
r 

U
S,
 
M
R
I,
 
C
T
 
if
 

eq
u
iv
oc

al
 

PK
D
1 ;
 
PK

D
2 ;
 
14

 

ad
d
it
io
n
al
 
cy

st
og

en
es

 

( i
f 
n
eg

at
iv
e)
 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

M
LP

A
 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/18/7/sfaf187/8161694 by School of H

lth & R
elated R

esearch (Scharr) user on 24 July 2025



Ultrasound and genomic tests for diagnosing ADPKD 9

Ta
b
le
 
3:
 

C
on

ti
n
u
ed

 

A
u
th

or
, y

ea
r,
 
co

u
n
tr
y 

N
 
in

 
st
u
d
y 

Pr
ob

an
d
/ 

p
er

 
fa
m

il
y?

 
Fa

m
il
y 
h
is
to
ry

 
R
ef
er
en

ce
 
st
an

d
ar
d
 a 

G
en

es
 
ta
rg
et
ed

 

En
ri
ch

m
en

t 
m
et
h
od

 

Sm
al
l s

eq
u
en

ce
 

va
ri
an

t 
an

al
ys

is
 

C
op

y 
n
u
m
be

r 
va

ri
an

t 
an

al
ys

is
 

G
en

om
ic
 
cr
it
er
ia

( P
K
D
1 
or

 
PK

D
2 
p
at
h
og

en
ic
 
va

ri
an

ts
) (
 n 

= 
1)
 

Tr
u
ji
ll
an

o 
20

14
 
[6
9 ]
 

Sp
ai
n
 

36
 

U
n
cl
ea

r 
N
ot

 
re
p
or

te
d
 

Sa
n
ge

r 
se

q
u
en

ci
n
g 

of
 
PK

D
1 /
2 
ex

on
s,
 
an

d
 

if
 
n
eg

at
iv
e 
M
LP

A
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

Ta
rg
et
ed

 
p
an

el
 

N
on

e 

N
ex

t-
ge

n
er
at
io
n
 
se

q
u
en

ci
n
g:
 
ta
rg
et
ed

—
lo
n
g 
re
ad

( n
 
= 

1)
 

G
en

om
ic
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

B
or

ra
s 
20

17
 
[3
2 ]
 

Eu
ro

p
e 

19
 

Pr
ob

an
d
/p
er

 

fa
m

il
y 

N
R
 

G
en

om
ic

( s
h
or

t 
re
ad

 

W
G
S 
or

 
W

ES
) 

PK
D
1 ;
 
PK

D
2 

SM
R
T
 

Pa
n
el
 

N
G
S 
br

ea
kp

oi
n
t 

d
et
ec

ti
on

, M
LP

A
 

N
ex

t-
ge

n
er
at
io
n
 
se

q
u
en

ci
n
g:
 
W

G
S
—
sh

or
t 
re
ad

( n
 
= 

1)
 

Pe
i 2

00
9 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

M
al
la
w
aa

ra
ch

ch
i 2

02
1 
[5
3 ]
 

A
u
st
ra
li
a 

42
 

Pr
ob

an
d
/p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

V
ir
tu

al
 
p
an

el
 

N
G
S 
C
N
V,
 
M
LP

A
 

N
ex

t-
ge

n
er
at
io
n
 
se

q
u
en

ci
n
g:
 
W

ES
—
sh

or
t 
re
ad

( n
 
= 

2)
 

Pe
i 2

00
9 
an

d
 
w
id
er

 
at
yp

ic
al
 
d
is
ea

se
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

2)
 

C
h
an

g 
20

22
 
[3
5 ]
 

U
SA

 

23
5 

U
n
cl
ea

r 
Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ,
 
PK

D
2 ,
 
an

d
 
11

 

at
yp

ic
al
 
cy

st
ic
 
ge

n
es

 

( A
LG

8,
 
A
LG

9,
 

D
N
A
JB
11

, G
A
N
A
B,
 

H
N
F1

B,
 
IF
T
14

0,
 
LR

P5
, 

PK
H
D
, P

R
K
C
SH

, 
SE

C
61

B,
 
SE

C
63

) 

H
yb

ri
d
iz
at
io
n
 

V
ir
tu

al
 
p
an

el
 

N
G
S 
C
N
V
 

El
li
ot
t 
20

21
 
[3
8 ]
 

C
an

ad
a 

18
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Ty
p
ic
al
 
A
D
PK

D
: P

ei
 

20
09

 

A
ty
p
ic
al
 
A
D
PK

D
: 

at
yp

ic
al
 
ki
d
n
ey

 

im
ag

in
g
( M

ay
o 
C
la
ss

 

2)
 , n

o 
fa
m

il
y 
h
is
to
ry
, 

at
yp

ic
al
 
cl
in
ic
al
 

p
re
se

n
ta
ti
on

, 
su

sp
ic
io
n
 
fo
r 

an
ot
h
er

 
ge

n
om

ic
 

C
K
D
 

Ty
p
ic
al
 
A
D
PK

D
: 

PK
D
1 ;
 
PK

D
2 

A
ty
p
ic
al
 
A
D
PK

D
: 

PK
D
1 ,
 
PK

D
2 ,
 
C
O
L4

A
1,
 

D
N
A
JB
11

, G
A
N
A
B,
 

H
N
F1

B,
 
R
EN

, a
nd

 

U
M
O
D
. 

H
yb

ri
d
iz
at
io
n
 

V
ir
tu

al
 
p
an

el
 

N
on

e 

Te
st
s 
in

 
co

m
b
in
at
io
n
( n
 
= 

8)
 

D
H
PL

C
 
th

en
 
fi
rs
t 
ge

n
er
at
io
n
: t
ar
ge

te
d
 
Sa

n
ge

r 
se

q
u
en

ci
n
g
( n
 
= 

4)
 

R
av

in
e 
19

94
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

3)
 

R
os

se
tt
i 
20

02
 
[6
3 ]
 

U
SA

 

45
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 
cr
it
er
ia
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

R
os

se
tt
i 
20

07
 
[6
4 ]
 

U
SA

( C
R
IS
P 
co

h
or

t)
 

12
7 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

Y
u
 
20

11
 
[7
3 ]
 

C
h
in
a 

65
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

A
m
p
li
co

n
 

N
A
 

N
on

e 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/18/7/sfaf187/8161694 by School of H

lth & R
elated R

esearch (Scharr) user on 24 July 2025



10 S. Harnan et al.

Ta
b
le
 
3:
 
C
on

ti
n
u
ed

 

A
u
th

or
, y

ea
r,
 
co

u
n
tr
y 

N
 
in

 
st
u
d
y 

Pr
ob

an
d
/ 

p
er

 
fa
m

il
y?

 
Fa

m
il
y 
h
is
to
ry

 

R
ef
er
en

ce
 

st
an

d
ar
d
 a 

G
en

es
 
ta
rg
et
ed

 

En
ri
ch

m
en

t 
m
et
h
od

 

Sm
al
l s

eq
u
en

ce
 

va
ri
an

t 
an

al
ys

is
 

C
op

y 
n
u
m
be

r 
va

ri
an

t 
an

al
ys

is
 

G
en

om
ic
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Ta
n
 
20

09
 
[6
8 ]
 

U
SA

 

14
 

U
n
cl
ea

r 
N
ot

 
re
p
or

te
d
 

U
n
cl
ea

r 
‘P
K
D
 

ge
n
ot
yp

in
g’
 
by

 

re
fe
re
n
ce

 
la
b 

PK
D
1 ,
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

N
A
 

N
on

e 

N
G
S
 
ta
rg

et
ed

 
th

en
 
S
an

ge
r
( n
 
= 

1)
 

K
D
IG

O
 
gu

id
el
in
es

( C
h
ap

m
an

 
20

15
) (
 n 

= 
1)
 

H
u
 
20

21
 
[4
2 ]
 

C
h
in
a 

26
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

K
D
IG

O
 

gu
id
el
in
es

 

( C
h
ap

m
an

 
20

15
) 

T
ie
r 
1:
 
W

ES
 
an

d
 

PK
D
1 

T
ie
r 
2:
 
PK

D
1 

( M
LP

A
) 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 

Pa
n
el
/N

A
 

M
LP

A
 

N
G
S
 
ta
rg

et
ed

 
th

en
 
S
an

ge
r 
w
it
h
 
M
LP

A
; d

at
a 
al
so

 
re
p
or

te
d
 
se

p
ar
at
el
y 
fo
r 
N
G
S
 
ta
rg

et
ed

 
th

en
 
W

ES
 
th

en
 
M
LP

A
( n
 
= 

1)
 

Pe
i 2

00
9/
20

15
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Sc
h
on

au
er

 
20

20
 
[6
6 ]
 

G
er
m

an
y 

10
0 

So
m
e 
re
la
te
d
 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 
&
 
Pe

i 
20

15
 

PK
D
1 ,
 
PK

D
2 ,
 

G
A
N
A
B,
 
PK

H
D
1,
 

an
d 
H
N
F1

B
 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 

Pa
n
el
/V

ir
tu

al
 

Pa
n
el
 

M
LP

A
 

S
an

ge
r 
w
it
h
 
M
LP

A
 
th

en
 
N
G
S
 
ta
rg

et
ed

( n
 
= 

1)
 

Pe
i 2

00
9/
20

15
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Il
iu
ta

 
20

17
 
[4
4 ]
 

N
ot

 
re
p
or

te
d
 

20
5 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

( a
n
d
 

re
p
or

te
d
 
se

p
ar
at
el
y)
 

Pe
i 2

00
9 
&
 
Pe

i 
20

15
 

PK
D
1 ;
 
PK

D
2 ;
 

G
A
N
A
B
; H

N
F1

B
 

H
yb

ri
d
iz
at
io
n
 

N
A
/T
ar
ge

te
d
 

Pa
n
el
 

N
on

e 

Ta
rg

et
ed

 
N
G
S
 
th

en
 
S
an

ge
r 
w
it
h
 
M
LP

A
 
th

en
 
fa
m
il
ia
l 
se

gr
eg

at
io
n
 
an

al
ys

is
( n
 
= 

1)
 

Pe
i 2

00
9 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

K
im

 
20

19
 
[4
7 ]
 

K
or

ea
 

52
4 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

H
yb

ri
d
iz
at
io
n
 

Ta
rg
et
ed

 

Pa
n
el
/N

A
 

M
LP

A
 

O
th

er
 
ty
p
es

 
of
 
te
st

( n
 
= 

4)
 

H
R
M

( n
 
= 

3)
 

Pe
i 2

00
9 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

2)
 

B
at
ai
ll
e 
20

11
 
[3
1 ]
 

Fr
an

ce
 

37
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

N
A
 

N
A
 

N
on

e 

O
be

id
ov

a 
20

14
 
[5
6 ]
 

C
ze

ch
 
re
p
u
bl
ic
 

56
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

Ei
th

er
 
w
it
h
 
or

 
w
it
h
ou

t 
fa
m

il
y 
h
is
to
ry

 

Pe
i 2

00
9 

PK
D
1 ;
 
PK

D
2 

N
A
 

N
A
 

M
LP

A
 

PK
D
-2

 
li
n
ka

ge
 
an

al
ys

is
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

V
ir
zi
 
20

14
 
[7
0 ]
 

It
al
y 

16
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

PK
D
2 
li
n
ka

ge
 

an
al
ys

is
 

PK
D
2 

N
A
 

N
A
 

N
on

e 

S
in
gl
e-
st
ra
n
d
 
co

n
fo
rm

at
io
n
 
p
ol
ym

or
p
h
is
m

 
an

al
ys

is
( n
 
= 

1)
 

R
av

in
e 
19

94
 
re
cr
u
it
m
en

t 
cr
it
er
ia

( n
 
= 

1)
 

Z
h
an

g 
20

05
 
[7
5 ]
 

C
h
in
a 

24
 

Pr
ob

an
d
 
or

 
p
er

 

fa
m

il
y 

N
ot

 
re
p
or

te
d
 

R
av

in
e 
19

94
 

PK
D
1 ;
 
PK

D
2 

N
A
 

N
A
 

N
on

e 

a 
R
ef
er
en

ce
 
st
an

d
ar
d
: T

er
m

s 
su

ch
 
as
 
‘u
n
ifi
ed

 
cr
it
er
ia
’, 
‘R
av

in
e-
Pe

i’,
 
an

d
 
so
 
on

 
w
er
e 
as

su
m

ed
 
to
 
be

 
Pe

i e
t 
al
. 2

00
9 
[1
8 ]
. 

b 
T
h
re
e 
co

h
or

ts
 
w
er
e 
re
p
or

te
d
: P

at
ie
n
t 
w
it
h
 
A
D
PK

D
 
p
re
vi
ou

sl
y 
an

al
ys

ed
 
by

 
Sa

n
ge

r 
se

q
u
en

ci
n
g
( n
 
= 

25
) ; 
A
D
PK

D
 
ca

se
s 
th

at
 
te
st
ed

 
n
eg

at
iv
e 
by

 
Sa

n
ge

r 
se

q
u
en

ci
n
g
( n
 
= 

3)
 ; A

D
PK

D
 
n
ot
 
p
re
vi
ou

sl
y 
ge

n
om

ic
al
ly
 
te
st
ed

( n
 
= 

25
) . 

c 
R
ec

ru
it
m

en
t 
cr
it
er
ia
: L

in
d
em

an
 
et
 
al
. 2

02
3 
[5
0 ]
, i
f 
fa
m

il
y 
h
is
to
ry
, P

ei
 
et
 
al
. 2

00
9/
20

15
 
[1
8 ,

19
 ], 
if
 
n
o 
fa
m

il
y 
h
is
to
ry
, a

t 
le
as

t 
10
 
cy

st
s 
p
er
 
ki
d
n
ey

, b
il
at
er
al
ly
 
en

la
rg
ed

 
ki
d
n
ey

s,
 
at
 
le
as

t 
1 
cl
as

si
c 
ex

tr
ar
en

al
 
m
an

if
es

ta
ti
on

 
of
 
A
D
PK

D
, a

n
d
 
n
o 

ex
tr
ar
en

al
 
m

an
if
es

ta
ti
on

s 
p
oi
n
ti
n
g 
to
w
ar
d
 
d
if
fe
re
n
ti
al
 
d
ia
gn

os
es

( e
.g
. h

ep
at
ic
 
fi
br

os
is
) ; 
M
an

to
va

n
i e
t 
al
. 2

02
0 
[5
4 ]
, P

ei
 
et
 
al
. 2

00
9 
[1
8 ]
 
fo
r 
u
lt
ra
so

u
n
d
, c

ou
ld
 
u
se
 
M
R
I 
or
 
C
T
 
if
 
eq

u
iv
oc

al
. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/18/7/sfaf187/8161694 by School of H

lth & R
elated R

esearch (Scharr) user on 24 July 2025



Ultrasound and genomic tests for diagnosing ADPKD 11

Figure 3: Charts of study characteristics over time. ( a) Diagnostic criteria/radiological reference standard for inclusion of individuals with clinical diagnosis of ADPKD 
by year of study publication; ( b) genomic test technology by year of study publication; and ( c) genes analysed by genomic tests by year of study publication. 
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24 , 25 , 27 , 28 ], PKD2 ( n = 1) [23 ], or PKD1 and PKD2 ( n = 2) [18 ,
6 ] genotypes. All used a genomic reference standard. 

Both sensitivity and specificity improved as age increased 
 see Fig. 5 and Online Supplement 4) , across both PKD1 and 
KD2 populations, but accuracy was poorer in PKD2 compared 
o PKD1 populations. The lowest sensitivity and specificity were 
1% and 88%, respectively, reported in PKD2 populations aged 
–14. The highest were 100% and 100%, respectively, in multiple
ene/age categories. 

ISCUSSION 

sing 58 studies of genomic ( n = 51) and ultrasound ( n = 7)
esting spanning over 30 years, this review charts the evolving

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf187#supplementary-data
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Figure 4: Diagnostic test accuracy ( proportion with genomic variants classed as definitely pathogenic, pathogenic, likely pathogenic, and probability pathogenic or 
similar terms) , stratified by genes targeted and recruitment criteria, by study publication year. Blue line, studies recruiting according to Ravine [28 ], with genomic 
testing for PKD1 or more; green line, studies recruiting according to Pei 2009/2015 [18 , 19 ], with genomic testing for PKD1 and PKD2 or more; red line, studies recruiting 

according to other criteria, with genomic testing for more than PKD1 and PKD2. Studies weighted by size when estimating longitudinal changes and 95% confidence 
intervals ( grey) . 
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ethods available for screening first-degree relatives of people 
ffected by ADPKD. Notably, none of the genomic studies we 
ound recruited relatives at 50% risk of ADPKD, meaning the 
ccuracy of the tests in this population is unclear. The available 
vidence suggests that, among people who have a clinical 
iagnosis of ADPKD but they or their family have not previously 
ad genomic testing, the sensitivity of genomic tests is likely 
o be somewhere between 70% and 80%, depending on test 
ethodology and the proportion of unknown variants within 

he population sample. Sensitivities lower than 50% and higher 
han 90% have also been reported.

Due to technological advances and increased sharing of 
nown pathogenic variants we expected to see an increase in 
ensitivity over time, but instead the evidence suggests that 
he detection rate has not changed greatly. Possible expla- 
ations for these findings include ( i) the small impact that 
ncreased testing of a panel of cytogenic genes has when the 
ast majority of pathogenic variants are in PKD1 and PKD2 ; 
 ii) pathogenic variants not detected by the methodology used 
.g. deep intronic variants/structural variants/regulatory vari- 
nts; ( iii) unique variants detected with insufficient evidence 
o reach a ( likely) pathogenic score ( i.e. variant of uncertain 
ignificance) ; ( iv) other cystogenic genes being responsible; ( v) 
ther causes e.g. simple age-related cysts; and ( vi) the observed 
idening recruitment criteria leading to more atypical cases 
eing recruited, and an increase in the size of the population for 
hich genomic testing has become relevant, owing to the iden- 
ification of additional rare ADPKD genes such as GANAB and 
NF1B , COL4A1 , DNAJB11 , REN , and UMOD ( see Table 3 ) . However,
nly one study in this review included the recently identified 
FT140 gene that has been shown to be the third most common 
ssociated with ADPKD after PKD1 and PKD2 [79 ]. The extent 
nd rate at which current gene panels have adopted these 
ore recently identified variants was not the subject of our 
tudy, but it is possible laboratories may not wait for extensive 
ublication on variants before incorporating them in their gene 
anels. 
Meanwhile, no studies on the performance of ultrasound 
creening in first-degree relatives of families with the more 
ontemporary known pathogenic variants were identified. Con- 
equently, the test accuracy of ultrasound outside populations 
ith PKD1 and PKD2 is currently unknown. The KDIGO guide- 

ines [11 ] recommend that when making an initial diagnosis of 
DPKD in an adult at risk, abdominal imaging by ultrasound 
an be used even when the family is genetically resolved. This 
s despite the lack of evidence in populations outside PKD1 and 
KD2. Whereas genetically unresolved families are reliant on 
his screening modality and guidelines continue to recommend 
he use of ultrasound in families with other variants, further 
tudies are required to establish the accuracy of the test in these 
opulations. Clinicians may need to keep these uncertainties in 
ind when planning further monitoring and when considering 
lternative diagnoses. 

In clinical practice, relatives of individuals who have no 
athogenic variant identified by genomic testing may be re- 
eiving radiological screening tests derived and validated in 
opulations who broadly speaking have different pathogenic 
ariants, since our review found all ultrasound studies recruited 
atient with known PKD1 or PKD2. This may lead to uncertainty 
n clinical diagnoses, or incorrect exclusion of disease in rela- 
ives who are still in the early stages of a clinical disease with a
ore slowly progressing natural history.
This systematic mapping review has been conducted to the 

ame standards as a systematic review in terms of the search 
ethodology, study selection, and data extraction. Data were 
rganized according to several factors that may affect test 
etrics, including the recruitment criteria and reference stan- 
ards used. Nevertheless, it does have some methodological 
imitations, often generated by the available evidence. The lack 
f data on diagnostic test accuracy of genomic tests in people at 
isk of ADPKD lead to protocol amendments including widening 
riteria to include studies reporting only sensitivity and in peo- 
le with clinically confirmed ADPKD ( removing the requirement 
or this to be confirmed after age 40) . As a result, the included
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Figure 5: Sensitivity and specificity of ultrasound studies. Each bar represents the sensitivity or specificity for the age range spanned by the bar, as reported by individual 
studies included in this review. 
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tudies were not true diagnostic test accuracy studies. Critical 
ppraisal using QUADAS-2 [22 ] was not performed because it is 
ot designed for these studies and would have been uninforma- 
ive. Heterogeneity in populations and test methodologies pre- 
luded meta-analysis. Since the genomic studies did not specify 
hat included patients had to have a radiological diagnosis after 
 certain age, and since cysts tend to increase over time, the 
opulations recruited according to these criteria may include 
ore patients who presented at a young age and therefore have 
ore progressive disease. Finally, there will inevitably remain 
ome heterogeneity in how the pathogenic categories were 
efined, especially as new variants were identified and guide- 
ines to determine variant pathogenicity have changed over 
ime [80 ]. 

Policy makers should consider the generalisability of the pa- 
ient populations recruited to the studies, which are broadening 
ver time, to their own populations. The specifics of the test 
ethodologies with respect to available expertise, equipment,
nd small incremental gains of the technologies and additional 
ariants should also be considered. 

In conclusion, this study demonstrates that while genomic 
esting methods have advanced, detection rates have not greatly 
mproved, possibly due to wider inclusion criteria, and the small 
ncremental gains of testing genes other than PKD1 and PKD2.
or people at risk of ADPKD in genetically unresolved families,
he accuracy of ultrasound is uncertain, and clinical communi- 
ies should bear this in mind when screening for ADPKD. 
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