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ABSTRACT

Introduction

Hepatic cystsare the most frequent extn@nal manifestation chutosomal dominant
polycystic kidney disease (ADPKD) investigated relationshipf both hepatic
symptoms and complications with the hetgldjusted total liver volume (htTLV) in a

crosssectional studynvolving 461 subjects with Korean ADPKD patients.

Methods

Hepatic cysts involvement was defined as the presence of at least four liveorcgsts

CT scan. Medical records were reviewadd physical examinations were undertaken to
identify hepatic symptoms and complications. A questionnaire was also used to evaluate
hepatic cystrelated symptomsin a subset of patientsTLV was measured by

stereotactic method and then adjusted by thghheif the subject.

Results

Hepatic cysts involvement was more common among womeadl age (96.2% vs.
86.9%, P <0.001).The most common symptonm all subjectsvasback pain (59.4%),
followed by flank pain (53.1%), abdominal fullness (46.5%)d dyspnea or chest
discomfort (44.3%). Presence of pressuglated symptoms including early satiety,

dyspnea or chest discomfort, sense of a mass and abdominal fullsessll aspain

and gastrointestinal symptoms were associated with htf1L\600 mL/m (P< 0.001).

Additionally, the case of pressurelated complicationsncluding hepatic cyst

infection or cholangitis were also related to htTk\,600 mL/m(P < 0.001).The


















RUQ right upper quadrant

TC total cholesterol
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| NTRODUCTI ON

Aut osomal domi nant polycystic kidney disease |
l et hal monogenic disorder. |t is characterized
e X trrean a l ma n(L, f2)e s tAd ttihcomiegsht tchoemmroenn ad x tmaani f est at i

hepati(8, cmernlsi dity i hsApPpPKmapaltyedeser mined by
under | yi ntgi cr ediaslecassses oafn dr e n a | funoptaitorent Bumti b en
hepati c tchyosutgsh taasryemp tbo@matTihcer ef or @ ¢ n grthi@lslinwit an s

consider hepatic cysts dbseagaifncADPKBspabil gct
Thea ewal ence of hepraanfceescty s ondet gemeditdh v s MR

(2, 3). The risk factors f cardvaewerde fheemadtei cs exy, s tpsr
e X 0 gewnsoef sorha loei ds theorr mone sr, entale i dyesgtsiece dahd t he s
off enal d Y3.f uTnhcet iroemported symptoms and signs of
pai n, dyspnea, esampthhagrati ex y, megas eneepc hvammictail n g c
back 4®.i nThe complications of hepatic tcysts i

infection, and compression of ad&jhdaaegrnt sytnrdu otmer
| VC, port al veins or bile ducts. These symptc
progressive increase in the siieaes ea nnda nmwnhrernt o ft
been doonc udseecr easi ng6,7.he | iver vol ume

Howewvert,er mi ning which patients are affected, t

interventions for hepatic cysts are unresolved
hepatic cysts Baspechdenr prrea@posedqui red to resol
ar e Il i mited. Further mor e, t he associations of
complications of hepatic cysts aneapododeéfyi mintdie
of severe I|liver disease.

Therefore, this ¢hseidgyn iafiinceada d pou sefl eubice tdgatt gel i ver
(ht TLV) #Wwrelmrnteds sryeanpt oms and complications in
measur ed Dy resiongctai 8n met hod. The di-anhdi buti or
i nfraani | i al variations in Korean ADPKD patients

associations of htTLV with hepatic symptoms anc



SUBJECTSAND METHODS

l1Patient s

This study was approved by the Seo@H100Mati onal
028309 Al | the patients gave their written informn
this study was undert Deeh airmt aoonondamee swintkh . t f
[ conductsedctaonabsstudy of 488 shwjnahmtmse who w
regul awuwpsol liowl uding bienni al abdomvintaHi nc o2np u t
years from registratienul aNattihoen aADPWKnD vcelrisnitcy ¢
October 2009 and September 2012. The ages of t
ADPKD was diagnosed (9%.i tAl It htetha ndg dbjeactcy iduredaearawe
included their detailed medical hi shaty wehepat
taken us-depgeat mul CT scanner WMEBmattomh$Semspateido rJ
8, GE; Brilliance CT 64, PIEIN) .p sA tamtda IS oaorfat ©8n8
were retrospectivebndsdbodewprndi Eaksetedi bFIl guye
who had any type of cancer with active treat me
size or any possibilit50f such aschangebpecus
' iver met aspgpatsocel(lnul=arl)garhei noma with=hepatect
4) chronic(mMHBY hépaticthhireni camM€Vhéapabéect omy (dl
intrahepatic duct stones (n = 1) were excl ude:

condion with at |l east fGul) Ameepg 46t subpetthe, C

had | iver cysts and 38 had Aosymptomcgsée¢s toirorhr
obtained from a subset of 253 subjects. I n ad
rel atedhdapatliar Goewst spati ents had wundergone | iv
hepatect omy; andtfiiome, Thepat ipateéemmdlsi azver e i ncl

anal ysis but excluded fromweheosdympt ems camal y

analysis for 461 patients and symptom analysis



Eligibility(488)

Excluded(27)*

Size and
Complication

Assessment (46]1)

Fi

Excluded

(13* + 195%)

Symptom

Assessment (25B)

gur e

1.

clanudy

f

ow

* Excluded (n=27)

2 Active cancer with treatment
1 Cancer with liver metastasis
1 HCC wittepatectomy

4 Liver cirrhosis

16 Chronic HBV hepatitis

2 Chronic HCV hepatitis

1 Hepatectondue to IHD stone

** Excluded (n=13, patients with intervention)
4 Liver transplantation
4 Hepatectomy
5 Hepatic embolization only

*** Excluded (n=195, patients whose survey w|
performed)




2 . Clinical assessment

Chronic hepatic symptoms bwereairmpgl e ofspean aiveeé y
complications weaeréedeawi bifi edfmedhtEalglbbwicngddat a
col |l achteedbbasel i ne demoggkepihghktt pard i WebgHhta)g,e, me.
[ hypertensi on, cancem, ccltkn admiey Idii,\sepra ®edvi ag €édddoge, D
englt age renal di sease (ESRD), and onset age
al bumi n, al kaline aplpasplatasaemi hALP)ansferase
ami notransferase (ALT)s entsoittai¢vaicttyiov@ spreotoéi § TCh s

creatinine].

Hypertension was defined as systolic/diastolic
anti hywermedisdiati on according to medical recor c
chronic hepatitis (toxic, al c o h GHDistages weier al , or

classified according to the NationaQualifi dney Fc
Initiative (K/DOQI) guidelines(1]). ESRD was defined as an esti mat e
rate (eGFRJLk.1B8mmttmé ni niti ati on of renal repl a
Serum creatinine was measured using-20B&RJaffe
and as tr aceablhe Chitoric Kidriey Disedbd@&P®lemiology (CKDEPI)

collaborationformula was used to calculate the eGFR.

3. Measuil e menmtnasoyd vieildu me

Tot al l'iver volumeys(€EL¥Yptwasi measbueadtry, inw
was calcubateed ofraxcmnti guous i mages by summi n¢
measurements and slice thickné&esul Ragbdea) 2 wa s

as the volRarmpetdriiama nso aslle.nsiof t war e -Df orre cvoonlsu meutcrtyi o
It has been adopted in a previous study to mea
studicad cuvbdD avel Bme (bELaorrggeansascul ar structures
portal veins vadrlegy a@auwntdl ienxecdl udeerdu from the TLV.

vol ume (TKV) was calcul ated (1IBVAIl t heewdnmdniet r gd e



woul d be the mossdtereatactc unetlrod by Rapidiai vergion 2.8) was very

time consuming (1 hour/case); the pilot stishowed that TKV calculated by the modified

ellipsoid method and stereotactic method using Rapidia were strongly corrétated.059).

Therefore, the modified ellipsoid method was used to measure Bkt h  TLV and TKV |
mL) were adjustbdsbwagtdpeggbtd TmIMY; (ht TLV) and TK

used as variables for analysis.






41 nvestigation of hepatic symptoms ar

The hepatic symptoms wer emadisfeisescedf rwam hGas t q we

Symptom Ratin@gT&oblH8daheGCGgREBEti onnaire was gener

hepatic symptom pTheev aplaetniceenti nv eABHKoIh. i s shown i
1. The questionnaire had 444t igoestconscseini Kgregas
(GlI') axld snyoompt o ms. Each qgquestion measured the s

except for the questiAlnltaebmuxc etphte fsoerweneaesosf sae nr

gradedi3f rpooni m@ s ppaantie completed the questionna

interviewer. The subjects of the questions wer
abdominal pain or discomfort, flank pain or di
c hesaondfiosr t , anal gesi cs i nt ake, nausea and vom
full ness. The questions were grouped according
dyspnea or chest discomfort, pabhablubeppmasguadne
(RUQ) pain or discomfort, flank pain or discon
intake), and the GI tract (nausea or vomiting,

interviewer physi caflolry tehxea nd lnseedn cteh/ep rpeasteinecrnet so f
hernia andpigtrtaidneg oefd eneagpnm( garnadd edils;tappear s i n 3 SeE
4 mm and di ddbppearondisd) mMyd aadned J:as4 i ng >1 minute

8 mMm withenhheexdepemidty | ookingi5fmi hat eahd | asti



Tabl®yrmptom questionnaire

Hepatic
Category Grade of symptoms score
symptoms
07 No or transient events
17 Occasional events interfering with sosexial activities
Early
271 Prolonged and troublesome events causing requests for relie 3
satiety
interfering with many social activities
31 Severe or continuous events with impact on all social activitie
Sense ofa 07 Not palpable
1
mass 171 Palpable
071 No or transient events
Pressure
Dyspnea 17 Occasional events interfering with some social activities
related
or chest 271 Prolonged and troublesome events causing requests for relie 3
discomfort interfering with manysocial activities
31 Severe or continuous events with impact on all social activitie
071 No or transient events
171 Occasional events interfering with some social activities
Abdominal
21 Prolonged and troublesome evecdsising requests for reliefan 3
distention
interfering with many social activities
31 Severe or continuous events with impact on all social activitie
07 No or transient events
RUQ pain 17 Occasional events interfering with sosegial activities
or 271 Prolonged and troublesome events causing requests for relie 3
discomfort interfering with many social activities
31 Severe or continuous events with impact on all social activitie
Pain
07 No or transienevents
Flank pain 17 Occasional events interfering with some social activities
or 271 Prolonged and troublesome events causing requests for relie 3
discomfort interfering with many social activities
31 Severe or continuous events with impact on all s@ditvities

10



Hepatic

Category Grade of symptoms score
symptoms
07 No or transient events
Back pain 17 Occasional events interfering with some social activities
or 21 Prolonged and troublesome events causing requests for relie 3
discomfort interfering with many social activities
31 Severe or continuous events with impact on all social activitie
01 None or transient
Taking 17 Occasional
analgesics 27 Once in a week ’
371 Almost every day
07 No or transient events
17 Occasional evenisterfering with some social activities
Anorexia 271 Prolonged and troublesome events causing requests for relie 3
interfering with many social activities
31 Severe or continuous events with impact on all social activitie
07 None
Nausea or 171 Occasional events interfering with some social activities
Gl 3
vomiting 21 Frequent ausea, no vomiting
37 Nausea almosevery dayand frequent vomiting
07 No or transient events
17 Occasional events interfering wislome social activities
Epigastric
27 Prolonged and troublesome events causing requests for relie 3
soreness

interfering with many social activities

31 Severe or continuous events with impact on all social activitie

Total

31

11



Medi c al records and CT findings were reviewed

ascites, cyst infection, cyst rupture, i ngui na
|l VC stenosi s, bil ater al l eg evdietmagutCaalorldnidi s
di sease. Complications wer e revi ewed from me
additionally reviewed in cases of ascites, cy
classified into 3 cateamoreiresofasasfcaddle@wsn de sthael |c
regions of the peritoneal and/ or perihepatic ¢
gutters; and | arge, sufficient Casmplieationsdi wp
defi ned cacsureevde nftrsom Oct 2008 wuntil the investig
Cyst infection was defined as aspiration of an
renal ultrasonography; or definite tenderness

rupture was defined as disruptedy cgsth wasl!| pan

hemorrhage. Biliary dilatation was defined as
due to hepatic cyst compressi on. Chol angitis w
pai n, direct biliruddnemi auyrandbSoptepomegalve W:

| argest di mension of the spleen exceeding 11
confirmed by physical examinati on. Il VC stenosi
pressure or thremmbadsnisserandnl.VC s

On the basis of the assumption that compresse

vascul ar insufficiency and consequent |l eg ede
complication. Complicatq+rehaome@t eécat aensfi(adciats
bil ater al l eg edema, biliary dil atati on, and
chol angitis), or ot hers (splenomegaly and Carc
from the I|ist ofhepymwkireathiaonsybedcdtieeenti at ed
protein contents) and their clinical significar

12



5. Inter- and intra-familial variation sin ADPKD

An additional analysis of 54 families (n 123) of the study populatiomvas performed. The
htTLV of each family was plotteénd the pattern of familiaistributionwas investigated. The
proband ofeachfamily was defined as thadividual with the largest liverThe htTLV of each
family member above 40 years old was plotted with the set of probands alorgxiseaxid the

mean htTLVwas comparedccording ta cutoff of 1,600 mL/m.

6. Statistical analysis

The prevalence of liver cysts and the distributiothef htTLV were analyzed using Céiguare
test , Fi s hend thes MaaiWlitiey test. bog bdds graphs of the complications or
symptoms according to the htTLV were plotted using R Statistical software (R Foundation for

Statistical Computing, Viennaustria, http://www.R-project.org). The clinical characteristics

based on the htTLV were analyzed using an ANCOVA test for age and sex adjustment. The
prevalence of theymptoms and complicationgas described ith an ANCOVA test adjusted

for age and sex. Multivariate binominal logistic regression analysis of the complications was
performed and adjusted for variables that showed significant associations (P < 0.05) in the
univariate analysis. The data were statly analyzed with SPSS version 19.0 software (SPSS,
Chicago, IL, USA). All the reported P values were #aied, and the statistical significance

threshold was set at P < 0.05.

13
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RESULTS
PART I

Distribution of htTLV in ADPKD

l1Baseline charcaaotdemigs ttioc s

Thmean age of all/l t5h2e% soufb jtehcetns wwea)se 5Tle maadmmedd { a ns
(1 QR) of the htTLV and the htTKV were 986 (8
respect Noeeb yggennidfeirc achitf f er e mges awesrodnethd Faad/ faod
ht TKW. t er msr eolfatke d neari abl es, the prevalence o
and was significantly higher in male subjects
mal e andubpBeat ®dushee aslulbjtects had undergone CT

subjects wiwbretagel 2d€&B. 2% ofdual It ot e |l ®echji @0

(Tabl.e 2

14



Table 2. Baseline characteristics according to

Variable Total Male Female P value

n (%) 461(100) 220(48) 241(52)

htTLV [median IQR] 986(825, 1280)  1024(825, 1481  981(825, 1149  0.066

Age [meant SD] 51.3+12.6 50.1+ 13.8 52.5+11.3 0.069
-39 81(17.6) 50(22.6) 31(12.9)
40-49 121(26.2) 57(25.8) 64(26.7)
Age group
50-59 139(30.2) 57(25.8) 82(34.2) 0.005
[n(%)]
60-69 79(17.1) 37(16.7) 42(17.5)
70- 41(8.9) 20(9.0) 21(8.8)
Hypertension [n(%0)] 365(79.2) 193(87.3) 172(71.7) <0.001
eGFR(CKD-EPJ) 80.0+ 27.7 74.2+27.6 69.8+ 27.7 0.131
Stage 1 101(22.7) 47(21.8) 54(23.6)
Stage 2 132(29.7) 65(30.1) 67(29.3)
CKD stage Stage 3 94(21.1) 49(22.7) 45(19.7) 0.094
Stage 4 24(5.4) 17(7.9) 7(3.1)
Stage 5 94(21.1) 38(17.6) 56(24.5)

htTKV [median,IQR] 820(453,1345)  881(484,1356)  768(425,1322)  0.113

P value of sex-Wdiefyh etreesntc ea rody FMasahcd ruddsa dE x arcetp | taee £tme n
t heroakpiydney tr gmdp lcaanstidndt)yi eomni at i occadj ushttefd Vi ohal ght ver
eGFR (CKDEPI), estimated glomerular filtration rate (Chronic kidney disease epidemiology)T K V,

hei-gthtusted tot al ki dney vol ume

15



2 . Prevhepatecotystasciondolhgementage ar

As shown in Figure 3 dnad eTabclyest3s, wahse 9plr.e8vwWa |(enn
subjects. In detail, 96. 2% of the female subj e
cysts inRol@Wem@h)t. (Among age groups, female pr e

youngest ye dP6 .(8<% 309f t he female v0.0@01DP% of t

16



(%)

g ] 91.8 . . 95.7 )
S 100 82.7 94.2 911 90.2
2
° 80
2
= —M
S 60 -
e EmF
8 —m—All
o 40
[a B
20
0
*all age *.39 40-49 50-59 60-69 70- Age *: pvalue < 0.0%
Fi guPee8al ence of hepatic cysts involvement ac¢
TablRrea&val ence of hepatic cysts involvement acc
Age
Sex
Al | i -39 449 569 6 &6 9 70
Tot al 461 81 121 139 79 41
All [ n(%)]423(9 67(8:2114(9133(9 72(9137(09¢
Mallen( %) ], 192(8 37(7¢52(9153(9233(8¢17(8°E¢

Femaflre( %) ], 231(9 30(9€ 62(9€ 80(97 39(9z 20(9¢F

Mal e vs. Fé <0.0 <0.0 0.25 0.22 0.70 O0.34

Gt esfi sher 0sasexaapcptr otpersitat e
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3Proportion ofcdhempditognetgal lyt BLV

Figure 4 and Table 4 show the distri INSDi on of
ht TLV of both RNslex0e55 wals/ m;, 2t9n8¢ mean ht TLV of mi
than thatP<®f OWdmemowever, the mégi bretdieéennestexed
The overall di stribution ofWhtehne tshteu dtyo tpaol p usl uabtji €
divided into tertiles and'‘geariifeandit He wenrmae
significantly hi gimdvef.e ma'fteeratBiel ewadDHABN)( 4

guartil evs7.,87(8P%¥%) 0. 001) . Accordingly, the prop
greater among female patients th-anamafer matijehnt

di stributi)onamd dmdmdrTtLivon of ( Riegpat emdgahg Wahble
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Male

3T(n=55)

Female

3T(n=99)
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TablRrdportion of hepatomegaly according to htT

n(%) of each tertile P valueof sex
Total (n=461) M (n=221) F (n=240)
(total subjects) differencée®

1% tertile (460886) 153(33) 70(32) 83(34)

2" tertile (8871,137) 154(33) 95(43) 59(25)

3 tertile (1,139-13,412) 154(33) 55(25) 99(41) <0.001
1% quartile (466824) 115(25) 55(25) 60(25)

2" quartile (827986) 115(25) 60(27) 55(23)

3“quartile (9891,283) 116(25) 68(31) 48(20)

4" quartile (1,299 115(25) 37(17) 78(32) <0.001
Fi sheeadt tAddtr evi ateii-@mhjt ulstt BldV,t ot al l'iver vol ume

20



8077 | Mean7.01 | Total 40~ | Mean 690 | Male
30—
(] 7 T 3T(n=56)
60— 20—
10—
N
/ [ 37(n=154) . -
40
;/ . Mean 709 | Female
30— [ +
204 o] ///-|_ 3T(n=98)
o | :l‘q:»_m_ — [
o 6 7 8 g 10

FiguPeobportion of hepalnolnmetglall@yr :a chc ogrhoeositly tseetx@Qeisl i @t ebsott hg wsaerxteisl.e of
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TablRr dportion of hepahémedgaVy according to

n(%) of each tertile Total
M (n=221) F (n=240) P value®
(total subjects) (n=461)
1% tertile (6.136.79) 153(33) 70(32) 83(34)
2" tertile (6.797.04) 154(33) 95(43) 59(25)
3 tertile (7.049.50) 154(33) 55(26) 99(41) <0.001
1%t quartile (6.136.71) 115(25) 55(25) 60(25)
2" quartile (6.726.89) 115(25) 60(27) 55(23)
3“quartile (6.967.16) 116(25) 68(31) 48(20)
4™ quartile (7.169.50) 115(25) 37(17) 78(32) <0.001
Fi sheeadt tAddtr evi ateii-@mhjt ulstt BldV,t ot al l'iver vol ume
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4. Di stri bution of htTLV according to

The distributions of htTLV wnthi gesepeétand aglel
di stribution of ht TLV with respect to sex shov
(Fi g e 6lowever, with trlespevweéer dlol smediaannd hatgTel, V
significantly beBwedmbbex&®&y . ( Megurea I QR) ht T
greater in males aged <39 years (955 [867, 1, C
[ 722, 9 4P2=] OmLO/ 1Inv,) .i eMmosn gagpeadt >50 year s, medi an
f emal es, although the difference was not sign
year s, medi an htTLV was significantly higher a
males (791 [6P6&, 0100%6¢] wmmbmg males aged >60

slightly with increasing age; however, medi an |
(P< 0. 001, TTeornpcskihreRe rteest-paeceamefi conest s

I n pati enhepcantidtyns=t 8308() , the median htTLV was 8:

ranging tr7®mmig 4n.

23
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Figure 6. DistributiongobumidT.lMSaatodedi rpd ot o o
ht TURBScatter plot of htTERP<®O.yq@&lgree ngd oiunp smeadiida s e
ht TLV according toPagyal geotipdedpdtkRefeersttrend

of -panamet r<iOc. OtOels t s )

TablRRi 6tri bution of hgTodMpa@csesexdi ng to age

Age group
Sex htTLV
All age *-39 40-49 50-59 60-69 *70-
989 930 924 1,128 1,093 1,060

All median(IQR)
(825, 1291) (772,1028) (817, 1105) (948,1664) (812, 1581) (730,1332)

982 955 925 1,095 1,030 791
M median(IQR)
(825,1156) (867,1029) (826,1071) (968,1590) (796,1369) (650,1086)

1,023 823 919 1,147 1,190 1,300
F median(IQR)
(824,1477) (722,942) (803,1192) (940,1939) (816,1840) (890,1750)

Malevs. Female,

0.066 0.017 0.755 0.625 0.216 0.005
P valué

*ManWhi t ney<0e®8bAbbreviati@anmj ulst BlAV,t oteilghti ver vol um
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5. Correlation between ht TLV and ht TK

There was a weak correlation between htTKV and htTRY= 0.062, Figure -A). However,

htTLV was strongly correlated with htTKV+htTLVR{ = 0.626 Figure 7B). This suggests
hepatic symptoms are more closely related to the volume of-dhttaminal mass (i.e.,
htTKV+htTLV) in ADPKD. Furthermore, htTKV+htTLVhad more higher OR with the
likelihood of symptom presentatighan htTLV only Figure #C and D) However, because the
present study focused on htTLV, symptoms, and complications, htTLV was adopted as a
representative indicator of intebdominal massand the relationships between htTLV and

hepatic symptoms were analyzed.

26
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Figure 7: Correlation between htTLV and htTKV or (htTKV+htTLV) . (A) Correlation
between htTLV (B) Correlation between htTKV or (htTKV+htTLV) (C) Likelihood of
having two or more pressurérelated symptomsaccording to htTLV (D) Likelihood of

having two or more pressurérelated symptomsaccording to htTLV + htTKV
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