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ABSTRACT
The clinical use of conventional ultrasonography (US) in autosomal dominant polycystic kidney disease
(ADPKD) is currently limited by reduced diagnostic sensitivity, especially in at-risk subjects younger than
30 years of age. In this single-center prospective study, we compared the diagnostic performance of MRI
with that of high-resolution (HR) US in 126 subjects ages 16–40 years born with a 50% risk of ADPKD who
underwent both these renal imaging studies and comprehensive PKD1 and PKD2 mutation screening.
Concurrently, 45 healthy control subjects without a family history of ADPKD completed the same imaging
protocol. We analyzed 110 at-risk subjects whose disease status was unequivocally deﬁned by molecular
testing and 45 unaffected healthy control subjects. Using a total of .10 cysts as a test criterion in subjects
younger than 30 years of age, we found that MRI provided both a sensitivity and speciﬁcity of 100%.
Comparison of our results from HR US with those from a previous study of conventional US using the test
criterion of a total of three or more cysts found a higher diagnostic sensitivity (approximately 97% versus
approximately 82%) with a slightly decreased speciﬁcity (approximately 98% versus 100%) in this study.
Similar results were obtained in test subjects between the ages of 30 and 40 years old. These results
suggest that MRI is highly sensitive and speciﬁc for diagnosis of ADPKD. HR US has the potential to rival the
diagnostic performance of MRI but is both center- and operator-dependent.
J Am Soc Nephrol 26: 746–753, 2015. doi: 10.1681/ASN.2014030297

Autosomal dominant polycystic kidney disease
(ADPKD) is the most common hereditary kidney
disease worldwide and accounts for approximately
5%–7% of ESRD in North America.1,2 It is characterized by development of renal cysts with increasing age,
leading to distortion of normal kidney architecture
and ultimately, ESRD in a majority of patients. Mutations of two genes, PKD1 and PKD2, have been implicated for the disease in 85% and 15%, respectively,
of linkage-characterized European families.3 However, a higher prevalence of PKD2 of 26% has been
reported by a more recent population-based study.4
Disease progression of ADPKD is highly variable and
in part, because of a strong gene locus effect.5–8 Adjusted for age and sex, patients with PKD1 have larger kidneys and earlier onset of ESRD than patients
with PKD2 (mean age at ESRD=53.4 versus 72.7 years,
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respectively).5,8 More recent studies have also shown
a signiﬁcant allelic effect in PKD1, with mild disease
associated with nontruncating mutations and severe
disease associated with truncating mutations.9–11
Marked within-family renal disease variability has
been well documented in ADPKD and suggests a modiﬁer effect from genetic and environmental factors.12–14
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Presymptomatic diagnosis of subjects born with a 50% risk
of ADPKD is most commonly performed by ultrasonography
(US), which is inexpensive and widely available. Because simple
cysts occur with increasing age in the general population,15–17
age-dependent US diagnostic criteria have been established for
PKD118 and subsequently reﬁned and extended for evaluation
of at-risk subjects of unknown gene type (also known as the
uniﬁed diagnostic criteria).19 In general, the performance of
these diagnostic criteria is excellent for at-risk subjects older
than 40 years of age but suboptimal for those younger than 30
years old.19 Speciﬁcally, the presence of three or more renal
cysts in the latter cohort has a positive predictive value (PPV)
of 100% but a sensitivity (SEN) of 81.7%. Conversely, the absence of any renal cyst has a negative predictive value (NPV) of
98% but a speciﬁcity (SPEC) of 84.5%. Because younger subjects at risk of ADPKD are increasingly being evaluated as living
kidney donors to their affected relatives, disease exclusion with
high certainty is of utmost importance but not possible by
conventional US.19 Although molecular diagnostics may be used
for disease exclusion, it is expensive and time-consuming, and
it may not provide a deﬁnitive diagnosis in up to one third of
cases.20 With increased resolution for detecting very small
cysts by magnetic resonance imaging (MRI) and contrastenhanced computed tomography (CT), many transplant centers
have routinely included one of these imaging modalities in their
work-up of subjects at risk of ADPKD; however, validated diagnostic criteria for these modalities are currently lacking.20 Here,
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we report the ﬁndings of the Toronto Radiological Imaging Study
of Polycystic Kidney Disease (TRISP), which compared the diagnostic performance of high-resolution (HR) US with MRI in
subjects at risk of ADPKD younger than 40 years of age.

RESULTS
Study Subjects

From June of 2010 to May of 2013, we recruited in TRISP 126
subjects ages 16–40 years born with a 50% risk of ADPKD
from 86 families (Figure 1). We excluded 16 of them from
10 families, because no pathogenic mutations were identiﬁed
in their affected relatives. Concurrently, 45 healthy subjects in
the same age range completed the imaging studies only. All of
them had no chronic medical illness, had a negative personal
and family history of renal disease, including ADPKD, and
were not on any medications at the time of the testing. Five
of our control subjects each had a total of one to three renal
cysts on HR US or a total of one to two renal cysts on MRI.
Review of their imaging studies showed normal kidney morphology and cortical echogenicity by US and normal kidney
volumes by MRI. All of them also had normal BP reading,
serum creatinine, and urinalysis (Supplemental Table 1). In
total, 110 at-risk subjects from 76 families whose disease status
was genetically deﬁned and 45 control subjects who were considered as unaffected were analyzed. The median (interquartile

Figure 1. Study subject recruitment and exclusion. Flow diagram detailing the number of at-risk and age-matched control subjects recruited,
excluded, and analyzed in the study.
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range) age of our study cohort was 27.2 (22.0–33.8) years,
45.2% of subjects were men, 78% of subjects were European,
and 47.1% of subjects were genetically affected. Table 1 shows
the clinical characteristics of our study subjects. Overall, 54.8%
(i.e., 40 of 73) of our affected subjects have PKD2 and nontruncating PKD1 mutations, which are associated with smaller
total kidney volume (TKV) and mild disease compared with
those with truncating PKD1 mutations (i.e., median TKVs of
424 and 499 versus 806 ml, respectively; P=0.002 by Kruskal–
Wallis test).
Comparison of Renal Cyst Counts by US and MRI

We found that only one unaffected subject (i.e., 1 of 82) had
more than three cysts, and all except for one affected subjects
(i.e., 72 of 73) had .20 cysts in both kidneys by MRI (Figure 2,
left panel). Thus, the presence of a total of .10 renal cysts by
MRI provides a clear separation of the unaffected from affected
subjects. By comparison, complete separation of the unaffected
from affected subjects by US was not possible. Speciﬁcally, using the widely used uniﬁed diagnostic criterion of a total of
three or more renal cysts19 in our study cohort would yield one
false negative and three false positive cases (Figure 2, right
panel, Table 2). TOR190.1 is a 25-year-old subject with a nontruncating PKD1 mutation and .20 renal cysts by MRI but
none by US; he had a suboptimal US and a high body mass
index of 35.6 kg/m2. TOR31.2 is a 30-year-old at-risk subject
from a PKD2 family. He had 6 renal cysts on US and 10 renal
cysts on MRI but tested negative for his familial PKD2 mutation. To exclude sample mix up or a de novo mutation, we rescreened him with a new DNA sample for both PKD1 and
PKD2 but failed to identify any pathogenic mutation. We
also repeated his MRI 18 months after his initial scan but did
not detect any additional renal cysts. We, therefore, concluded
that he had multiple simple cysts and was unaffected. Together

with TOR31.2, TOR208.5 and TOR404.1, each with three renal
cysts by US, were considered as false positive cases. Excluding
these discordant cases, there was a high concordance of renal
cyst counts between the two imaging modalities in our healthy
controls and at-risk subjects (Figure 3).
Diagnostic Performance by US and MRI

We compared the US diagnostic performance of our cohort with
a previous study that we had conducted to derive the uniﬁed
criteria (regardless of underlying gene type).19 Overall, we
found a signiﬁcant increase in SEN and NPV with a small decrease in SPEC and PPV in this study across all of the criteria
tested and for both age strata (Table 3). For example, using the
uniﬁed criterion of a total of three or more renal cysts in at-risk
subjects of 16–29 years of age would yield an increased SEN
(i.e., 97.3% from 81.7%) and a decreased PPV (i.e., 97.3% from
100%). In this study, the presence of two or more cysts in
each kidney (with PPV of 100%) can be considered as sufﬁcient
for diagnosis for at-risk subjects ages 16–40 years old. Conversely, the absence of any renal cyst (with NPV of 100%) can
be considered sufﬁcient for disease exclusion in at-risk subjects
ages 30–40 years but not younger.
We also evaluated the diagnostic performance of MRI in our
study cohort (Table 4). Interobserver agreement for MRI renal
cyst counts was excellent with k-values of 0.96–0.97 for the three
reader pairs (Supplemental Material). Because simple renal cysts
were rare in our at-risk unaffected subjects and healthy controls,
the presence of a total of .10 renal cysts can be considered as
sufﬁcient (SEN and PPV of 100%) for diagnosis of at-risk subjects between 16 and 40 years of age. However, genetically affected subjects from the same age group typically will have .20
renal cysts on MRI. Thus, a total of ,10 renal cysts can be
regarded as sufﬁcient for exclusion of ADPKD (NPV and
SPEC of 100%).

Table 1. Clinical characteristics of study subjects
Clinical Characteristics
Age (yr), n (%)
16–29
30–40
Sex, n (%)
Men
Women
Disease statusa, n (%)
Affected
Unaffected
Serum Crb (mg/dl)
Affected
TKVc (ml)
Affected
Unaffected

At-Risk Subjects from Families with
Truncating PKD1 Mutations

Nontruncating PKD1 Mutations

PKD2 Mutations

Control

35 (64)
20 (36)

14 (56)
12 (44)

14 (48)
15 (52)

32 (71)
13 (29)

24 (44)
31 (56)

14 (54)
12 (46)

9 (31)
20 (69)

23 (51)
22 (49)

33 (60)
22 (40)

22 (85)
4 (15)

18 (62)
11 (38)

45

0.88 (0.81 to 0.96)

0.90 (0.80 to 1.00)

0.74 (0.65 to 0.83)

806 (524–1069)
304 (275–344)

499 (323–842)
279 (239–372)

424 (286–659)
310 (281–339)

307 (272–357)

a

Deﬁned by molecular genetic testing.
b
Serum creatinine (Cr) expressed as mean (95% conﬁdence interval).
c
TKV measured by MRI expressed as median and interquartile range.
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Overall, the diagnostic performance of
HR US in this study is better than expected
compared with previous results with conventional US.19 We found a signiﬁcant increase
in SEN with a small decrease in SPEC across
all of the criteria tested, likely because of increased imaging resolution in detecting cysts
as small as 2–3 mm with modern scanners
as well as experienced operators attuned to
detection of small cysts. By contrast, most of
the cysts detected by US in our previous
Figure 2. Distribution of total cyst counts by disease status and imaging modality.
study were approximately 1 cm or more in
2
*TOR190.1 is a genetically affected subject with a body mass index of 35.6 kg/m who
19
had .20 renal cysts by MRI but no cyst detectable by a suboptimal US. **TOR404.1 size. Using the uniﬁed criterion of a total
and TOR208.5 were both unaffected but had three renal cysts by US. #TOR31.2 is of three or more renal cysts in at-risk suba subject with 6 renal cysts on US and 10 renal cysts on MRI; he did not carry the jects under 30 years of age, we found a signiﬁcant increase in SEN (i.e., 97.3% from
familial PKD2 mutation and was considered as unaffected.
81.7%) with a small decrease in PPV
(i.e., 100% to 97.3%). To minimize false positive cases with HR US, a more stringent criterion, such as two
DISCUSSION
or more cysts in each kidney (with PPVof 100%), should be used
for diagnosis. Conversely, the absence of any renal cyst by HR US
Despite increased SEN for detecting very small cysts by MRI, we
only found 1 of 82 unaffected subjects ages 16–40 years who may be considered sufﬁcient for disease exclusion in at-risk subjects ages 30–40 years old but not younger. An important caveat
had more than three renal cysts. By contrast, all but one
(i.e., 72 of 73) of our genetically affected subjects had a total of is that a suboptimal US scan (e.g., because of increased body
.20 renal cysts. These two features together enable MRI to pro- habitus) should be interpreted as indeterminate, and this point
was well illustrated by TOR190.1 (Table 2). Another limitation
vide highly discriminant diagnostics for ADPKD. Thus, the presence of a total of .10 renal cysts (with both PPV and SEN of of US is that its diagnostic performance is both operator- and
center-dependent, reﬂecting differences, such as imaging res100%) can be considered as sufﬁcient for diagnosis in a subject
olution of the scanners and experience of the technicians/
at risk of ADPKD. Conversely, a total of ,10 renal cysts (with
radiologists. Thus, current availability of US scanners with
both NPV and SPEC of 100%) can be considered as sufﬁcient
for disease exclusion. For evaluation of living kidney donors, different imaging resolution has important implications for
among whom the clinical agenda is disease exclusion with high diagnostic testing. Speciﬁcally, the diagnostic criteria that we
derived here should be applicable to experienced centers uscertainty, we recommend using a total of less than ﬁve renal cysts
ing HR US; otherwise, the uniﬁed criteria19 should be used
(with NPV of 100% and SPEC of 98.3%) as a more stringent
criterion. In at-risk subjects younger than 40 years of age with for centers that use conventional US.
The diagnostic criteria derived here for MRI and US are
equivocal MRI ﬁndings (e.g., total renal cyst count of 5–19),
applicable only for test subjects with a deﬁnitive family history
molecular testing may be useful to clarify the diagnosis. Curof ADPKD who are born with a 50% risk of disease. By contrast,
rently, most transplant centers use MRI or contrast-enhanced
CT for evaluation of their living kidney donors. Pending future the pretest probability of subjects without a positive family
history is that of the population risk (i.e., 1 in 500–1000); thus,
studies showing diagnostic equivalence between these modalities, we do not recommend extrapolating the above criteria to the above criteria may not be valid. Moreover, the possibility of
other genetic and nongenetic causes of PKD needs to be
contrast-enhanced CT.
Table 2. Clinical ﬁndings of discordant patients
MRI Cyst Count

US Cyst Count

Subject

Age (yr)

Disease
Status

Mutation

Right
Kidney

Left
Kidney

Right
Kidney

Left
Kidney

TOR190.1a
TOR31.2b
TOR404.1c
TOR208.5c

25
30
40
36

Affected
Unaffected
Unaffected
Unaffected

PKD1: p.A2752D
PKD2: IVS5+1G.A
PKD1: p.P3551fs111x
PKD2: p.V569fs3x

15
6
1
0

18
4
1
0

0
6
2
3

0
0
1
0

Maximal
Cyst Size (mm)
6 on MRI
10 on MRI
6 on MRI
5 on US

a

False negative case by US with a high body mass index of 35.6 kg/m2.
False positive by USd and equivocal by MRI.
c
False positive by US.d
d
According to the uniﬁed US criteria of a total of three of more renal cysts.
b
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especially in small families.20 If one or both
parents are deceased, reviewing their medical record for prior renal imaging results
may also be helpful. The documentation of
at least one affected ﬁrst-degree relative
who has bilaterally enlarged kidneys with
numerous cysts is sufﬁcient evidence to
support the use of the above diagnostic criteria. However, multiple renal cysts without
kidney enlargement in an elderly ﬁrst-degree
relative may be caused by simple cysts and
Figure 3. Comparison of total cyst counts by US and MRI. There was a high degree of should not be considered as sufﬁcient eviconcordance of renal cyst counts by US and MRI in both at-risk subjects and healthy dence for establishing a positive family hiscontrols. *TOR190.1 is a genetically affected subject with .20 renal cysts by MRI but tory. With a signiﬁcant level of de novo
no cyst detectable by a suboptimal US. **TOR404.1 and TOR208.5 both were ge- mutations in ADPKD, in the cases when a
netically unaffected but had three renal cysts by US. #TOR31.2 is genetically un- deﬁnitive family of ADPKD cannot be asceraffected with 6 cysts on US and 10 cysts on MRI.
tained, molecular genetic testing may be
indicated.
Renal disease severity is highly variable in ADPKD and in
considered in the latter setting.20 In subjects without a positive
part, caused by a strong gene locus effect.4–8 Speciﬁcally, the
family history, it is useful to screen their parents and older
mean age of ESRD in patients with PKD2 is almost 20 years
ﬁrst-degree relatives with US, because mild disease associated
older than those with PKD1. Adjusted for age, patients with
with a PKD2 or nontruncating PKD1 may not be apparent,
PKD2 have fewer renal cysts than those
with PKD1.8 This genic effect has been
Table 3. Diagnostic performance of US
shown to negatively affect the US diagnosDiagnostic
Affected
Unaffected
SEN
SPEC
PPV
NPV
tic performance, resulting in decreased
Criterion/Study Cohort
SEN and NPV in subjects at risk of PKD2
16–29 yr
37
58
compared with those at risk of PKD1.19
a
$1 renal cyst
More recent studies have shown a signiﬁPresent
36
9
0.973
0.845
0.800
0.980
cant
allelic effect in PKD1 with markedly
ref. 19
0.893
0.971
0.966
0.908
a
attenuated
renal disease severity in patients
$2 renal cysts
Present
36
3
0.973
0.948
0.923
0.982 affected with nontruncating mutations
ref. 19
0.848
0.994
0.992
0.877 compared with truncating mutations.9–11
a,b
$3 renal cysts
Indeed, in a large family with bilineal
Present
36
1
0.973
0.983
0.973
0.983 ADPKD, the renal disease was uniformly
ref. 19
0.817
1.000
1.000
0.855 mild and indistinguishable between sub$4 renal cystsa
jects affected with a PKD2 or a nontruncatPresent
36
1
0.973
0.983
0.973
0.983
ing PKD1 mutation.10 Approximately 30%
$2 cysts in each kidney
of PKD1 mutations are nontruncating,21
Present
36
0
0.973
1.000
1.000
0.983
but it has not been well deﬁned how
30–40 yr
36
24
many of these mutations are hypomorphic
a
$1 renal cyst
10,11
Present
36
4
1.000
0.833
0.900
1.000 alleles associated with mild disease,
ref. 19
0.980
0.948
0.940
0.983 which can pose a challenge for imagingbased diagnosis similar to PKD2. In this
$2 renal cystsa
Present
36
2
1.000
0.917
0.947
1.000 regard, over one half (i.e., 40 of 73; 54.5%)
ref. 19
0.964
0.983
0.979
0.970 of our affected subjects have either PKD2 or
$3 renal cystsa,b
nontruncating PKD1 mutations. Thus, the
Present
36
2
1.000
0.917
0.947
1.000 ﬁndings of our study should be generalizable
ref. 19
0.955
1.000
1.000
0.964 to these more challenging cases.
$4 renal cystsa
In conclusion, conventional US will
Present
36
0
1.000
1.000
1.000
1.000
continue to be the ﬁrst test used for pre$2 cysts in each kidney
Present
36
0
1.000
1.000
1.000
1.000 symptomatic screening of subjects at risk
ref. 19
0.828
1.000
1.000
0.875 for ADPKD at most centers. However, for
a
those subjects with equivocal results or who
Total number of cysts in both kidneys.
b
Commonly used US diagnostic criterion for at-risk subjects of unknown gene type.
require disease exclusion with high certainty
750

Journal of the American Society of Nephrology

J Am Soc Nephrol 26: 746–753, 2015

www.jasn.org

CLINICAL RESEARCH

Table 4. Diagnostic performance of MRI
Diagnostic Criterion

Affected

Unaffected

16–29 yr
$1 renal cysta
$2 renal cystsa
$3 renal cystsa
$5 renal cystsa
.10 renal cystsa
$2 cysts in each kidney
30–40 yr
$1 renal cysta
$2 renal cystsa
$3 renal cystsa
$5 renal cystsa
.10 renal cystsa
$2 cysts in each kidney

37
37
37
37
37
37
37
36
36
36
36
36
36
36

58
11
4
2
1
0
1
24
7
5
1
0
0
0

SEN

SPEC

PPV

NPV

1.000
1.000
1.000
1.000
1.000
1.000

0.810
0.931
0.966
0.983
1.000
0.983

0.771
0.902
0.949
0.974
1.000
0.974

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

0.708
0.792
0.958
1.000
1.000
1.000

0.837
0.878
0.973
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

a

Total number of cysts in both kidneys.

(i.e., at-risk living donors), MRI will be useful for both obtaining a positive diagnosis and disease exclusion. Speciﬁcally,
among subjects who are at risk of ADPKD ages 16–40 years old,
the presence of a total of .10 renal cysts can be considered as
sufﬁcient for diagnosis. Conversely, for evaluation of at-risk
subjects as living kidney donors, the ﬁnding of a total of less
than ﬁve renal cysts can be considered sufﬁcient for disease
exclusion. HR US using modern scanners has the potential to
rival the diagnostic performance of MRI but is both center- and
operator-dependent. For optimal use of US-based diagnostic
in ADPKD, it is important to standardize the reporting by different centers to provide uniform information on the overall
quality and imaging resolution of the scan so that clinicians can
apply the appropriate diagnostic criteria accordingly.

Consecutive subjects ages 16–40 years old born with a 50% risk of
ADPKD having no contraindication to MRI were recruited through
the PKD Clinic at the Toronto General Hospital. All study subjects
provided written informed consent and underwent an HR clinical US
and a research MRI as well as molecular genetic testing to deﬁne their
disease status. Concurrently, healthy control subjects in the same age
range without a family history of ADPKD were recruited to undergo
the same imaging protocol to augment SPEC data. All readers of the
US (A.R. and M.A.) and MRI (J.C. and M.A.H.) studies and the
research teams (K.W. and N.H. from Toronto and J.L.S. and C.M.H.
from Mayo Clinic) performing the mutation screen were blinded
to the identity and disease status of the study subjects.

Imaging Protocols

All US scans were performed by A.R. under the supervision of M.A.
using a Toshiba Aplio (Tustin, CA; with L6- and C3.5-MHz probes) or
Philips IU22 (Bothwell, WA; with C1–5- and L4–8-MHz probes)
CONCISE METHODS
scanner (both with similar imaging capability). A cyst was diagnosed
as an anechoic lesion with smooth back wall and through transmission
Research Design and Study Conduct
The research protocol of this single-center prospective study was
of at least 2–3 mm in diameter. MRI was performed using a standardapproved by the Research Ethics Board at University Health Network.
ized respiratory-triggered, T2-weighted, axial, fat-suppressed fast-spin
echo sequence without gadolinium on a 1.5-T
scanner. All MRI scans were read by J.C., who
was trained with a mock sample set under the
supervision of M.A.H. before undertaking the actual scoring of the study subjects. A cyst was diagnosed as a sharply demarcated lesion from the
surrounding parenchyma with a smooth margin
of at least two voxels (or 2.6 mm in width on a
single-image plane) and homogeneous internal
signal intensity similar to that of spinal ﬂuid. Examples of small subcentimeter cysts detected by
HR US and MRI are shown in Figure 4. For each
kidney, the exact cyst number was enumerated
Figure 4. Examples of small renal cysts identiﬁed by HR US and MRI. (A and B) De- when ,10; otherwise, a count of $10 cysts was
tection of a small (approximately 2.5 mm) cortical renal cyst by HR US and MRI in two reported. For MRI cyst counts, an interobserver
different test subjects (denoted by arrows in A and B).
variability study was conducted with three
J Am Soc Nephrol 26: 746–753, 2015
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readers: one radiologist with 15 years of experience reading abdominal
MRI and two radiology trainees, including J.C., who also performed all
of the renal cyst counts for this study. TKV was determined from 3-mm
axial T2 magnetic resonance images with renal volumetrics performed
using manual segmentation22 (ImageSetViewer Software, version 1.5.6;
University Health Network, Toronto, ON, Canada).

Molecular Genetic Testing
Molecular testing was performed to deﬁne the disease status of all atrisk study subjects. If the pathogenic mutation was not already known,
we ﬁrst screened an affected family member of the study subject by
bidirectional sequencing of all of the coding regions and splice
junctions of both PKD1 and PKD2.21,23 PKD1 is a large complex gene,
with its ﬁrst 33 exons duplicated in six pseudogenes (i.e., PKD1P1–
PKD1P6) with high sequence identity.1,2 To overcome this complication, we used a PCR protocol to generate locus-speciﬁc long-range
templates and smaller nested fragments for our screen of this PKD1
region.22 All missense, atypical splice site, and small in-frame (,5
amino acids) insertion/deletion variants identiﬁed were evaluated for
their potential pathogenicity using prediction algorithms (i.e., PolyPhen-2,24 SIFT,25 Align GVGD,22 and PROVEAN26) by review of the
ADPKD mutation database (http://pkdb.mayo.edu) and segregation
analysis with additional affected family members whenever possible.
All mutation-negative patients were rescreened by multiplex ligationdependent probe ampliﬁcation to detect large gene rearrangements.23 Using the pathogenic mutation identiﬁed in an affected
family member, we then tested each study subject to determine his/
her disease status (i.e., affected or unaffected). Y.P. and P.C.H. reviewed and approved the results of genetic testing.

Statistical Analyses
Continuous variables are expressed as means and 95% conﬁdence
intervals or medians and interquartile ranges (if data are not normally
distributed), and discrete variables are expressed as percentages. To
allow for direct comparison of our data with the uniﬁed US diagnostic
criteria,19 we divided the study subjects into two age groups (16–29
and 30–40 years). For each age group, we constructed 232 tables
detailing the disease status (affected or unaffected) of the study subjects and speciﬁc imaging-based test criteria (on the basis of renal cyst
number with or without bilateral involvement). From these tables, we
derived SEN, SPEC, PPV, and NPV for the different test criteria.19
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