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ABSTRACT

Individuals who are at risk for autosomal dominant polycystic kidney disease are often screened by ultra-
sound using diagnostic criteria derived from individuals with mutations in PKD1. Families with mutations in
PKD2 typically have less severe disease, suggesting a potential need for different diagnostic criteria. In this
study, 577 and 371 at-risk individuals from 58 PKD1 and 39 PKD2 families, respectively, were assessed by
renal ultrasound and molecular genotyping. Using sensitivity data derived from genetically affected individ-
uals and specificity data derived from genetically unaffected individuals, various diagnostic criteria were
compared. In addition, data sets were created to simulate the PKD1 and PKD2 case mix expected in practice
to evaluate the performance of diagnostic criteria for families of unknown genotype. The diagnostic criteria
currently in use performed suboptimally for individuals with mutations in PKDZ2 as a result of reduced test
sensitivity. In families of unknown genotype, the presence of three or more (unilateral or bilateral) renal cysts
is sufficient for establishing the diagnosis in individuals aged 15 to 39 y, two or more cysts in each kidney is
sufficient for individuals aged 40 to 59 y, and four or more cysts in each kidney is required for individuals =60
yr. Conversely, fewer than two renal cysts in at-risk individuals aged =40 yr is sufficient to exclude the
disease. These unified diagnostic criteria will be useful for testing individuals who are at risk for autosomal
dominant polycystic kidney disease in the usual clinical setting in which molecular genotyping is seldom
performed.
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Autosomal dominant polycystic kidney disease
(ADPKD) is the most common hereditary kidney
disorder, affecting approximately one in 500 births.
It is characterized by focal development and pro-
gressive enlargement of renal cysts, typically leading
to chronic renal failure by late-middle age. It is a
systemic disorder affecting multiple organs, result-
ing in extrarenal cysts and complications such as
cardiac valvular defects, colonic diverticulosis, in-
guinal hernias, and intracranial arterial aneu-
rysms.! Overall, it accounts for approximately 5%
of ESRD in developed countries.'> ADPKD is ge-
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netically heterogeneous: Mutations of PKD1 (MIM
601313) and PKD2 (MIM 173910), respectively, ac-
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counted for approximately 85% and approximately 15% of
cases in a linkage-characterized European population.’-# The
existence of at least one rare additional disease gene has been
suggested by several families reported to be unlinked to either
known gene locus®!%; however, recent confirmation of these
findings is lacking, and one previously reported family has
proved to be compound heterozygous for PKDI and PKD2
mutations.!!

Polycystins 1 and 2, the gene products of PKDI and PKD2,
are transmembrane proteins that are components of a novel
multifunctional signaling pathway.! Polycystin 1 may function
as a receptor involved in cell-cell and/or cell-matrix interac-
tion.'? By contrast, polycystin 2 functions as a subunit of a
cation channel with nonselective permeability.!> Both proteins
interact through their cytoplasmic region'? and transmit fluid
flow—mediated mechanosensation, which is detected by the
primary cilium of renal epithelium.'* Disruption of normal
polycystin function by mutations predispose to cyst formation
through loss of mechanical cues in tubular epithelial cells that
regulate tissue morphogenesis.!'4

Although the phenotypes of PKD1 and PKD2 overlap com-
pletely, PKD1 is associated with more severe renal disease with
an earlier clinical presentation and an excess of premature
mortality.® Age-dependent ultrasound diagnostic criteria are
established only for PKD1.'> Specifically, the presence of at
least two (unilateral or bilateral) renal cysts and two cysts in
each kidney are considered sufficient for diagnosis in at-risk
individuals aged 15 to 29 and 30 to 59 yr, respectively. By con-
trast, at least four cysts in each kidney are required for diagno-
sis of at-risk individuals aged =60 yr. Conversely, the finding
of fewer than two cysts in each kidney is considered sufficient
for disease exclusion in at-risk individuals aged =30 yr. Al-
though these test criteria are widely used for genetic counseling
and for evaluation of at-risk individuals as living-related kid-
ney donors for their affected relatives, the validity of their ap-
plication to families of undefined genotype is uncertain. We
report here a comparative study to evaluate the performance of
ultrasound diagnostic criteria for both PKD1 and PKD2. In
addition, because molecular genotyping is seldom performed
in the clinic, we derived by simulation studies diagnostic crite-
ria with high sensitivity and specificity for evaluating at-risk
individuals from ADPKD families of unknown gene type.

RESULTS

At the time of their ultrasound scan, 31.5% (299 0f948), 55.3%
(524 0f 948), and 13.2% (125 of 948) of the study participants
were of age 15 to 29 yr, 30 to 59 yr, and =60 yr, respectively.
Opverall, the agreement on renal cyst counts on the basis of a
standardized set of 40 images among the six study radiologists
was excellent (intraclass correlation 0.949; 95% confidence in-
terval 0.921 to 0.969; also see Supplemental Table 1). On the
basis of their genotype, 52.3% (496 of 948) of the study partic-
ipants were considered affected. In the two younger cohorts

2 Journal of the American Society of Nephrology

aged 15 to 29 and 30 to 59 yr, those shown by molecular geno-
typing to have PKD2 had a milder renal cystic burden than
those with PKD1 (P < 0.0001; Figure 1). We found that the
diagnostic criteria currently used for PKD1 did not perform as
well when applied to PKD2, primarily because of a higher risk
for false-negative results, which reduced test sensitivity (Tables
1 and 2). For at-risk participants aged 15 to 29 yr, the current
diagnostic criterion of at least two (unilateral or bilateral) renal
cysts yielded a sensitivity of 71.9% and a specificity of 100% in
the PKD2 cohort (compared with 98.1% sensitivity and 98.8%
specificity in the PKD1 cohort). Similarly, for at-risk partici-
pants aged 30 to 59 yr, the current diagnostic criterion of at
least two cysts in each kidney yielded a sensitivity of 75.8% and
a specificity of 100% in the PKD2 cohort (compared with
93.1% sensitivity and 100% specificity in the PKD1 cohort;
data not shown). In the latter PKD2 cohort, the loss of diag-

(%)
100

80

60 |

40

20

(%)
100

0-2 3-4 59
Number of cysts in both kidneys

Figure 1. Comparison of renal cyst number between affected
individuals with PKD1 (H) and PKD2 (@); diagnosed by molecular
genotyping. (Top) Percentage of affected individuals who had
different number of total renal cysts and were between 15 and 29
yr of age (n = 113 for PKD1 group; n = 41 for PKD2 group).
(Bottom) Percentage of affected individuals with different number
of total renal cysts between 30 and 59 yr of age (n = 170 for PKD1
group; n = 121 for PKD2 group). Affected individuals with PKD2
had a milder renal cyst burden compared with affected indivduals
with PKD1 in both age groups (P < 0.0001 by Fisher exact test).
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nostic sensitivity was most marked in participants aged 30 to
39 yr (Table 2). For at-risk participants aged =60 yr, the cur-
rent criterion of four cysts in each kidney provides sensitivity
and specificity values of 100% in both PKD1 and PKD2 co-
horts.

We examined all participants with equivocal or discordant
findings (Table 3). In general, it was rare to detect simple
cyst(s) in genetically unaffected participants aged 15 to 29 yr:
Only 1.4% (three of 144) had a single renal cyst, whereas 0.7%
(one of 144) had two renal cysts. By comparison, 3.9% (nine of
232) and 1.7% (four of 232) of genetically unaffected partici-
pants aged 30 to 59 yr had one renal cyst and two or more renal
cysts, respectively. Among genetically affected participants
aged 15 to 29 yr, 26.8% (11 of 41) of those with PKD2 com-
pared with 1.8% (two of 113) of those with PKD1 had fewer
than two renal cysts (P < 0.0001). Similarly, among genetically
affected participants aged 30 to 59 yr, 14.6% (18 of 123) of
those with PKD2 compared with 3.5% (six of 170) of those
with PKD1 had fewer than two cysts in each kidney (P <
0.0009).

Through simulation studies, we evaluated the performance
of different test criteria for at-risk participants with unknown
genotype (Table 4; Supplemental Information). Two test cri-
teria are particularly useful for establishing diagnosis: First, for
those aged 15 to 39 yr, the presence of three or more (unilateral
or bilateral) renal cysts provides a positive predictive value of
100%. Second, for those aged 30 to 59 yr, the presence of two or
more cysts in each kidney also provides the same degree of
diagnostic certainty; however, these criteria yield a false-nega-
tive rate in excess of 14% and cannot be used for disease exclu-
sion. Instead, the finding of fewer than two renal cysts provides
a negative predictive value of 100% and can be regarded as
sufficient for ruling out disease in at-risk individuals aged
=40 yr.

DISCUSSION

Previous studies have shown that the gene locus for ADPKD
exerts a major effect on renal disease severity.>>1¢17 Specifi-
cally, the median age of ESRD in patients from PKD1 families
occurs 16 yr earlier than those from PKD2 families.'® In addi-
tion, adjusted for both age and gender, patients with PKD2
have fewer renal cysts than those with PKD1.18 Consistent with
these observations, we found in our study that renal cysts in
PKD2-affected individuals become detectable by renal ultra-
sound at an older age and, when detected, were fewer in num-
ber than in PKD1-affected individuals. The milder renal cystic
involvement in PKD2 has an adverse impact on the sensitivity
of ultrasound diagnostic criteria that apply to those with
PKDI.

Simple renal cysts were rare in genetically unaffected par-
ticipants who were younger than 30 yr, which underpins the
high specificity of renal ultrasonography among young adults.
This finding is consistent with previous data for at-risk PKD1

4 Journal of the American Society of Nephrology

Table 3. Equivocal and discordant findings in study
participants®

Renal Cyst Number

Disease Age Molecular
Subtype  (yr)°  Diagnosis Right Left Both
Kidney Kidney Kidneys

PKD1 19 Affected 0 1 1
24 Affected 0 0 0
30 Affected 1 3 4
32 Affected 0 1 1
33 Affected 2 0 2
35 Affected 2 1 3
40 Affected 1 3 4
46 Affected >4 1 >5
24 Unaffected 2 0 2
28 Unaffected 0 1 1
55 Unaffected 4 0 4

PKD2 16 Affected 0 0 0
17 Affected 0 0 0
17 Affected 0 0 0
19 Affected 0 1 1
19 Affected 0 1 1
20 Affected 0 0 0
20 Affected 0 0 0
21 Affected 0 0 0
23 Affected 0 0 0
24 Affected 0 1 1
27 Affected 0 0 0
30 Affected 2 1 3
30 Affected 1 3 4
31 Affected 0 0 0
31 Affected 0 4 4
31 Affected 1 3 4
32 Affected 1 3 4
32 Affected 4 0 4
33 Affected >5 1 >6
35 Affected 1 3 4
36 Affected 1 0 1
36 Affected 1 3 4
36 Affected 1 >5 >6
37 Affected 0 1 1
42 Affected 1 >5 >6
47 Affected >5 1 >6
53 Affected 1 1 2
55 Affected >5 1 >6
59 Affected 0 2
21 Unaffected 0 1 1
24 Unaffected 0 1 1
49 Unaffected 3 1 4

2Using the following PKD1 diagnostic criteria: Two or more renal cysts
(unilateral or bilateral) and two or more cysts in each kidney for diagnosis of
at-risk individuals aged 15 to 29 yr and 30 to 59 yr, respectively. Four or
more cysts in each kidney for diagnosis of at-risk individuals aged =60 yr.
Fewer than two cysts in each kidney for disease exclusion in at-risk
individuals aged =30 yr.

PAge at ultrasound scan.

individuals' or for individuals who underwent ultrasonogra-
phy for nonrenal indications.'>2° Nonetheless, 2.1% (three of
144) and 0.7% (one of 144) of the genetically unaffected cohort
younger than 30 yr had one and two renal cysts, respectively.

J Am Soc Nephrol ee : —, 2009



RCH
ICAL RESEA
CLIN

w.jasn.org |
WwWw.

iteria
nt criteri
e stringe l Cysts to
. mor €na . ly,
ing 1) r imilar
us ilatera Sim
eed for 1 or bilat roup. ividuals
en a is age g indiv 1
icht th ilater his ag d in na
. hgh ni int cte 1) re
igh (u s in ffe ilatera
hese data h gor more diagnosiicaﬂy unal or bilate ely affect
The three itive ne ilatera ers re
S1 ge ilat adv mo
h as Ise-po f the (un ill not or
suc ize fa ) 0 two il two
inimize 232 st iduals w n
1m f lea. ividua o
589 17% (four Oyr had at ter individ ion based D2 inac-
@38 5 7% 59 lat iter K id-
o O o0 oy [0} 1- e T1 P . d
53 o S 2 0to hes st ¢ lor indivi
) o~ oy Oy — O o d3 T, t te KD inin
AAmOo S o|® age ever, f the icP ithin -
SN XX 5 o o how 0 iallelic 1t ma
S o ; ~| e : e lle ions w for
< & < o o o o 0 29 = sts; anc t bia ion st .
R, 5 S oH“_Nm cy: form . tha tat Ly tic
&3S 222 N o oo X R|w erfo idney ed ic mu foca ma
> [eRe] Q@ oy ep h ki est tic for f so
o SRe] S o ) th . C 2 ma ; o ber
o Se] 3D oy 2l e ea ies sug dso 1sm cy
99 Q% >z = ts in dies ine an han uen numbe
&l o 9 33 SS o e ©|n cys stu line a ec freq st is
o o 59 o\ o S o 9 @ ent ml1 jor m the tal cy: DI
© ~ o © s} [SNe] n o Iee) [N 5 Rec ger maj inol ) he to i PK,
515 22 ee 83 o from is a dingly et 1y, han
= & ® S o NS o ©la ion 1ls 1 or nc lex jons t
3] [eNe] o~ ~ [N o © ivatio ial ce Acc influe mp on
2| o = N O oy Oy o o > tiva . lia. 21-25 0 In dco tatl . se
<| e NN 22 ° ithe D. icted t ize an mu disea
3 NN 33 2 alep PK dic e siz eto nal
@ o o~ Oy o — 5 u i AD . re . larg ron . re . our
(0] zZZ Sl 2 ion in ions is p fits rep ein in
o o &) 88 £ ion tion e o0 mo : enc less, ivid-
Q- o 288 ~ t uta aus imes differ rthe indivi
2 I~ o I 0 Dm 25 Bec 1ve ti the 8 Neve din ;
% ~ E S Oo 2 2(¥ PKADPKD'b four to fi ount for es.16:1 Nal affecte modlﬁedr
) ;= = - 'n [ acc typ er . a
(o)} X 3 o o 2 1 ht to ay ene dsev. ting ha
28 o B3 g ichm 0g rve es ho
c oy S 9 ™ g o il thou 6 whic he twi bse sugg iduals w re
2 o - o = @® o [SHpe 2,20 W en t we o isease, individu d we
3 o9 L5 cece o PKD2, twe horts, ic dis d in 2 an 1
oy ~ ~ 1o ity be 0 tic e D na
HNEE ss ¢ 3 8|5 o s na) cystic diseas had PK ral) re
S E PPN e o 8 8 A o o| =+ s€ DlandP ild re le, three Is who 1 or bilate ntinue
> o o S : = m > S (¢ il co
e o SR c23 a PK ery mpe, th ua ra llc
b ee S8 3223 ith v exa vid ilate Is wi hy.
e) = ¥88 o Oy — ¥ . 1s wi 7 For indi (unl ividuals grap.
NS o~ Q © Q als t.2 ted ur indivi 0Ono ibl
u e < © olo S u ffect. ffec fo n ltras ib €,
3 X & == g3 3 ee ix a than ted 1 alu feas X
2 5 o — 8|g38 en d six er ffec renatul ow 1-
= © = RS 8 an few ildly a inty by sn rox
£ §53 £ 5 KD1 had ildly nty KD is n P
5 ol% o m rtai P 1 approx -
o s8¢ & & el e P =30 yr hese mi neertal ADPKL ns 1n . dis
= §I8Z S & S o S|z 2 aged = ble 3). T1 nostic u nosis of mutatio d likely tic
2l |z & & S 2 R B oo ysts (Ta e of diag sed diag finitive finitive B Magne
= o o o S 9 o %o 9 C Ic -ba de n 28, de-
- o e 98 o " £ sou e ts h de es. ity for
" o 99 uo\oomo\ =] o< bea hgen etec bot f cas . ity
- ije NS o o 2D to ug dd nd % o 1tV w-
© 9o o O o~ o o < <3 lthO . an es a 89% sens S 30, hO
S ,\quogvoOoo 59 A sive f cas 8to ced lity30; s
‘0>v‘\‘°q S S 3 3|8 £ en % o in7 han da ts a
=R NS ® e I o) o|® is exp 63% ions in itsen ing mo cys
> Z| o oo 2Z o O — <] g it is 1to tation ith its . ing X le .
: = 5 S — 1s mp stic
© e mﬁwq‘”o o ly 4 d mu D), wi rom of s iaeno
< Ny e il ate iate RI), ap ber diag (a0~
= o] 2z o ia ing (M g .
|8 2898 sgloe n;Se_assOC,maglng( sts, is alsoater num Until t}ﬁe high diag
& pa AOO £ e el lcy re D. e es-
= o NS Cls2 anc na tag PK d, t acc
- s & 3 £® on Il re tec AD ated, ty, acc
& 55 e £l res a de lu its safe
© RS SR Sle s ting sm ay also ising from ally eva 1 as its sa ongoing
= 8 S 2 °8$§E teCMRIm mmﬁmbm %mlumm f our
. = Q E
o & 8 o §£§%b ever, mﬂWummD%mmnwmmmew%br
4 > — +© oy Oy @ 1 as I in on st, ft ac
o 53 o - o © eelg > el R tras co is o : ro B
. .‘é‘ "9 ; g\ § e ('\\l, 8 z_ g Wtility Of Mracy Of ul tively lOW the baSI HOWlng aI.)IIi)eS Of ur%
5|8 5 5 = g8 8 s|E: hostic o se in ADPKD. On dthe fOpKD fami hree (uni-
°1%5 o O 238 S oy o 28 no n in A en D tt an
“ 0’09 0%.0000.‘0 o 5 ‘e a in mm A leas . C
2 o o zee o3 ibility, se eco m fat dney
o 3388 332 5 ibi du er fro 0 h ki Is
Slw ~ o S S o 5o § rea ies, w iduals ence ot eac ividua
2= s SIER idesp tudies, divi res ts1n cach dividu
=] 332 S 5 w ion's isk in hep s isk in ivid-
E= S = SIEER- latio k ).T 0 Cy! “risk ndi div
= o o5 Qe imula t-ris 4). d tw at isk in
8} - = . € .
v SRS X ol E % stm ating a e (Tabl sts an osis of at-risk in both
L K93y oy o Qo d alu typ alcy iagn For s 1n
o SR D 8 & S o =2 0 ev n geno al) ren t for diag tively. merou uently
o g3 2xes o o NMER: ow ilater ien ec nu freq
o S & S = Q99 N ; kn r bila ffici resp s are are ach
o SSa o9 o - o 52 ral o s su 59 yr, 1 cyst sts ine
© o S 8 © N SN late d a to na imple (9% sts
.0 Q B3I © ol°s de 40 re cy
© 2 2 IS é 3 & S e g o e s be regarto 39 and in whom whom Slmgr more the
2 2 23 '\.'O"OOOc» : 15 T, ng four m
;ﬁ:q,\“.oeanogo.dgg ed =60y damo of fo WhO.
Q| = QN ee o < LR L c ag ed = an iterion ong 15, a
Ol c e 83 o % - 209 Is ag KD2 iter . am iasnos
IRIRS] =& S333 g ua dp tcr is. ors, diag ired.
DA P 2z 23 1 an ingen iagnos don han uire
o 2D ® c o 5 PKD stri r diag idney her t is req d
c P © the ired fo ial ki rat D1 i fecte
o S o 72 nd, uire ntia ion PK 1l af
2 > O fou . req ote lus for ta T
a 3 e is ing p exc ion ion tha =40y
s a c 5= idney luatin isease iteri tion ed = ~
- > e 5 8 ki valuating dis t cri rva ag or
S 9 B, o 5 ore ais rren bse were ag ofn
2 i _5 < ﬂg _c% 5 3 F i agend o the cu ith our OKD2 and n ﬁndlng alue of
a .8 j EN D& 3 +‘7>’, % 9 ??—E Chné(?ﬁcation t sistent ‘,\]7)1 and P ound sca edictive Vhing to
=R [¢] b T c 3 = = 5 1 con PK ltras . pr is
Ble D s &2 c TEE S g mo lly, d u tive ew the
R%] = ) 20 >3 0 N T 55 g ifica o ha ts, an nega thos 9yr,
3|S5 u&:ummcwh< Speci Is wh 1 cysts, asa for t0o39y
Q 17 o= T © 5 25 = s O p iduals na th nce 30
G| o 33 2T s o0 N el o individu ore lcys ura ed
[} o] e ©T & c o9 — Al o < _. ndi t tw na eass Is ag
o= TEE 25 = o~ AN X * 5 1 leas ere gT ividua
S el = c = el A ST @ at ron tron indivi
© o 3 o~ £ . S .
S5 538 ¢ NTRD &< kS had idneys o ovides _risk in
© g2 ~N r/(" N @ $‘_o mal kl hlch pr FOr at
23] o x%s 100%, w disease.
S €2 g out the
€ % 2 b rule
5 g 82
‘g 5 5 g 2>
9|2 o £
o (5 N Q §
= o
| o I o =
N =
DR o o
2 1%l ¢ @
o Q|
© <~
'—

5
KD
ADP

. for

. a

ic Criteri

jagnostic

ic Diagn

hic

ltrasonograp

ified Ult

Unifie

: -, 2009

loe:-

hro

Nep

Soc

J Am



CLINICAL RESEARCH | www.jasn.org

absence of any renal cyst provides almost certainty for disease
exclusion (with a false-negative rate of 0.7%). In latter sce-
nario, a negative MRI or computed tomography scan could
provide further assurance that the at-risk individuals are not
affected, bearing in mind the associated risk of detecting addi-
tional simple cysts, a scenario that is yet to be addressed by any
systematic study.

The utility of ultrasonography for disease exclusion may be
limited in at-risk individuals who are younger than 30 yr and
have a negative or indeterminate scan. In these individuals,
repeat ultrasound scanning every 6 to 12 mo may be helpful to
detect new cysts; however, if these individuals are being evalu-
ated as living-related kidney donors, then molecular genetic
testing is justifiable. This can be done by linkage analysis using
polymorphic PKD1 and PKD2 markers if multiple affected and
unaffected family members are available. Alternatively, muta-
tion screening of PKDI and PKD2 can be performed.?$2° Be-
cause the sensitivity for PKD2 mutation detection is at least
80% and most affected individuals with equivocal ultrasound
results will have the milder PKD2 disease, gene-based testing is
expected to provide reasonable diagnostic utility in this special
target group.

CONCISE METHODS

Study Participants
We recruited study participants from eight international PKD re-

search centers in Australia, Europe, and North America. They com-
prised 577 individuals from 58 PKD1 families and 371 individuals
from 39 PKD2 families, all born with 50% risk for ADPKD. We ex-
cluded the ascertainment proband from each family from the evalu-
ation of ultrasound diagnostic performance. Most families had al-
ready been well characterized clinically, because they had been
previous participants in studies to define the clinical phenotypes, nat-
ural history, and genotype—phenotype correlations of the two sub-
types of ADPKD.2316.17 We obtained informed consent from all study
participants, and the research protocols used in the study were ap-
proved by the institutional review board of each participating center.

Study Protocols
Renal ultrasound scan with a 3- or 5-MHz mechanical sector probe

was performed for all study participants. Scan images were read at
each center by a radiologist who was experienced in ultrasonography
and had no knowledge of the underlying genotype. A cyst was defined
as a hypoechogenic structure with a distinct posterior wall and poste-
rior enhancement, and a cyst with septation would be counted only as
one cyst. In general, most cysts detected by ultrasonography were >1
cm in diameter. To evaluate the agreement of renal cyst counts be-
tween different centers, six radiologists from six of the eight study
centers were available to rate a standardized set of 40 renal ultrasound
images (containing from zero to four or more cysts) selected from the
study patients in a “single-blind” study (see Supplemental Table 1).
We used intraclass correlation coefficient (ICC) to assess the agree-
ment between the individual raters. We performed molecular studies
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to define the genotype of each participant. We tested all families for
PKD1I and PKD2 linkage using polymorphic markers flanking these
loci.’e17 We calculated logarithm of odds scores by pairwise analysis
using the MLINK program. We combined data available from the
linked markers for PKD1 and PKD2 used in each family using a Bayes-
ian weighting formula'> to estimate the likelihood of PKD1 and PKD2
disease, before calculating the posttest probability of each study par-
ticipant in inheriting a disease-causing mutation. In addition, we
screened the genomic DNA of an affected subject from each PKD2-
linked family for mutations in all exons and splice junctions of PKD2
by single-stranded conformational polymorphism, heteroduplex
analysis, or direct sequencing.!” We found PKD?2 protein-truncating
mutations in 80% (31 of 39) of the PKD2-linked families (data not
shown). In these families, we also examined the segregation of PKD2
mutations with ADPKD in all study participants.!” Only participants
who had a posttest probability of ADPKD <1 or =99% or were
shown to have a PKD2 mutation were included in the assessment of
ultrasound diagnostic performance. Those who had a posttest prob-
ability of >99% or were shown to have a PKD2 mutation were desig-
nated affected regardless of the renal ultrasound findings. We con-
firmed the genotype findings of all discordant cases by re-typing
multiple polymorphic microsatellite markers at PKDI and PKD2'!
and by segregation analysis of the disease haplotype and/or patho-
genic mutation.

Statistical Analysis
Continuous variables are expressed as means and 95% confidence

intervals, and discrete variables are expressed as percentages. We used
ICC to assess the reliability of individual rating.>' ICC is the ratio of
within-participant variability of ratings to the variability across all
ratings and participants, whereby raters are a random sample of all
possible raters and each rater rates each participant. The resulting ICC
can be generalized to other samples of raters. To allow for direct
comparison of our data with the commonly used PKD1 diagnostic
criteria, we divided study participants into three age groups (15 to 29,
30 to 59, and =60 yr).'> To derive diagnostic criteria for evaluating
at-risk PKD1 subjects, we first performed bootstrap sampling to cre-
ate replicate data sets that simulated the ratio of affected to unaffected
individuals seen in clinic. To create each replicate, a participant was
randomly drawn one at a time from the pool of individuals with
PKDI1. After each draw, the selected individual was replaced in the
same pool and the draw was repeated until a designated sample size
was reached. We assigned weights to each participant to control for
increasing probability of previous diagnosis with increasing age. Be-
cause the pretest likelihood of PKDI is the age-specific prevalence of
previously undetected cases among individuals born at 50% risk, we
calculated this estimate from age-specific cumulative probability of
diagnosis resulting from investigation of symptomatic affected indi-
viduals with PKD1.8 We made a further assumption that only genet-
ically affected indiiduals who met the ultrasound diagnostic criterion
being examined could carry a previous clinical diagnosis, and we ad-
justed weights accordingly. For each age group in the PKD1 cohort,
we created 1000 replicates each with a sample size of 143 to 222,
depending on the age stratum. We repeated this process for the par-
ticipants with PKD2, except that we used PKD2 age-specific cumula-
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tive probability of diagnosis to calculate the pretest likelihood of dis-
ease.® For each age group in the PKD2 cohort, we created 1000
replicates each with a sample size of 100 to 108, depending on the age
stratum. For each bootstrap sample by genotype and age group, we
constructed two-by-two tables detailing the disease status (affected or
unaffected) of the study participants as defined by the molecular ge-
notype and the specific ultrasound test criteria (based on renal cyst
number, with or without bilateral involvement). From these tables,
we estimated the means and 95% confidence intervals of sensitivity,
specificity, positive and negative predictive values, and accuracy for
different test criteria.>> To derive diagnostic criteria for evaluating
at-risk individuals from families with unknown genotype, we com-
bined bootstrap samples from both PKDI and PKD2 families using
additional weights to reflect the case mix seen in the clinic by main-
taining a constant ratio for unaffected PKD1 to unaffected PKD2
individuals of 85:15 across all age groups (also see Supplemental In-
formation). For each age group in this combined cohort, we created
1000 replicates each with a sample size 0£ 243 to 330, depending on the
age stratum. To identify test criteria with optimal performance in
study participants aged 30 to 59 yr, we repeated these analyses by each
decade of age.
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