31 ﬂdﬂ%%%’ﬂaﬁ'nauymf

Tﬂ‘i\? na ﬂ']‘i@l‘i')fﬂﬁﬂ‘iﬂ'mzﬂ']ﬂ n Elfjﬂ'] A I’J\Tl@l
A w 6 a 6
Tﬂﬂlﬂﬁ'ﬂﬂtﬂﬂ?ﬁliﬂﬂﬂ&lﬂ')tﬂai

NOBNITHIAALSA LA

[

Y A c;v AaAaa
Glugmmﬂlmﬂmamfmaﬂ

lag gZraaans1ansd unndwds Jensal afssndng (Aauwu)

LLAasATbe

0o ® ¢ A o { o
Tﬂiﬂﬂ'liﬁ'lli%ﬁﬂdyimtﬁaﬁ%ﬁ 30 Ny 2551



Toniazfi MRG5080026

31 sla'm'“;%'ﬂaﬁ'nauymf

TA39n13 NIATIANBEMENISNIEINIAVDI LA
- [~ 6 a 6
TagLaSodtdnssdnaNnILaas
AOBNITHIAALS A LA

Y A ci'v AaAaa 1
1%gusaﬂﬂ1mﬂﬂau°ﬁqmag

YA v o o
ﬂmzu’s | d9n/
1. wewy Tonnaol adsnssuingd (Buuwun) RTIFIRIRY  AAITTIFINGN
2. Wigash3 gasTonnyd RIVIFIFIRIRY  AIAITIIIFINEN
3. a.wgy.nauna Wasmuysot R1UNPRINIRY  NIAITIIRINGN
4. WA WN.TITTE NIneaNIWG mImdasmaniylying
MAITIARLAEAS

5. a.adfnifinsdgm wayugua AigmwsIn a1slnan anSeEifeds MedmIaEIinm

AL UNN Y ANHAS A INTNYILIA

aﬁum&ufﬂ ﬂé’lﬁfmﬁuﬂmzmsum‘smsqm«ﬁnm u,azﬁﬁﬁnmunam%aﬁua%umﬁﬁ 8

%

< { & 1o @ ©
(ﬂ’]']&JLﬁ%‘[%iﬂﬂd']%ﬁLﬂ%ilad :"37021 dNa. lar d@nn. 1N%1Lﬂ%ﬁﬂdlﬁ%ﬁ?ﬂlﬁ&ﬂlﬂ)



Abstract (Un c:fmia)

Project Code : MRG5080026

(swalasanisg)

Project Title : Preoperative CT Angiography in Living Related Renal Donors

(@alasens) MIamansuemMInMeinavedlalasaladdnaisdnauiiiaasnownIkan

%

u’%mﬂvl,mel,u;ju%mﬂ"l,@ﬁ ISRplLY
Investigator : ZawnIVY Uazdan1U%

Investigators (%aﬁn%'ﬂ) Institution (amﬁ’u)

1. Piyaporn Apisarnthanarak (Limanond), M.D. Department of Radiology

wewny Tonnvol afsssuine (Buuwun) RUNTIFIRRY  AAITTIFINGN
2. Voraparee Suvannarerg, M.D. Department of Radiology
Wy.29thT gasvugns RIVIRIRIRY  NIAITITIRINGN
3. Kobkun Muangsomboon, M.D. Department of Radiology
a.w.neunNa (Wassuysok R1VNIRIRIRY  NIAITITIRINGN
4, Tawatchai Taweemonkongsap, M.D. Department of Surgery
N WW. 53T eI s ITdRsmaEaTylTing
MAITARLAEAS

5. Narumol Srisuthapan Hargrove, M.D. Department of Radiology

aafinifpsfam wo.uous digmwssm adlnan e TIEIliady el TeRIne
Faculty of Medicine Siriraj Hospital

AL UNNYANFAIAIINBNLILNA

E-mail Address : punpae@yahoo.com

Project Period : 2 years

(szazailaseniy) 29



The accuracy of preoperative CT angiography in living related renal donors:

Evaluation with 16- and 64-Detector CT scanners

*Apisarnthanarak, P.1, Suvannarerg, V.1,

Muangsomboon, K.1, Taweemonkongsap, T.2, Hargrove, N.S.1

1Depan‘ment of Radiology, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand.
2Deparl‘ment of Surgery, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand.

Purpose: To study the accuracy of CT angiography using 16- and 64-detector CT scanners for
preoperative evaluation in living related renal donors

Materials and Methods: 63 consecutive living related renal donors underwent preoperative evaluation
by multi-detector CT angiography (29 and 34 donors for 16- and 64-detector CT, respectively). Their
CT images were retrospectively reviewed in consensus by two abdominal imagers on a 3-D
workstation. The number and branching patterns of renal arteries and veins were described. The
accuracy of preoperative CT angiography in living related renal donors was analyzed by using the
operative findings as gold standard.

Results: Supernumerary renal arteries and veins were present in 14.3% and 6.3% of donating
kidneys, respectively. Early branching renal arteries were present in 20.6%. When compare to the
operative findings, CT angiography showed 100% accuracy in describing the number and branching
patterns of renal arteries and veins in donating kidneys.

Conclusion: CT angiography provided by 16- and 64-detector CT was an ideal imaging tool for

preoperative evaluation in potential living related renal donor.

Keywords: CT angiography, Multidetector CT, Living related renal donors

* Corresponding author

E-mail: punpae@yahoo.com



o & A a < & P ¢
N13A3IIA m&mzmumadmfmmmaatanmiﬂﬂaa\lwamas

1 [ % a Y A ainz AAA 1
nanmsiiaaviaalaluguinalafidididineg

Pennsal afmsouing, 23173 gasvuany, newuna Lilasawyaol,

@ Qs = < [ 6 =
DIV NINUBAININE, UL UR ﬂﬁjﬁ’]W‘iim E’nﬂﬂﬁw

> 6 A a ¥ [l o a v A A = 6
'JGIQ‘]J‘S%N@] : LWE]ﬂizL?J%ﬂ’J’]%JQﬂ@I8\‘]LL@J%U’]‘UE]dﬂ’]i@]i?ﬁ]aﬂ‘lﬂfmuﬁ%mE]@‘IVLGIIGIEJLﬂiﬂﬂLﬂﬂ“ﬁLiU

{ o Ada

ﬂauﬂ’;Lmai’n’aun’mhé’@u%aﬁﬂvlmlu;ju%mﬂ"lmﬁ ISREplLY

TaQuUazIsmT: ;ju’%mﬂvl,m‘hmu 63 A IATUNIINTIIRNBULFWLAAA lenaunIHIaaLSaa e lag
Lﬂ%aaLSﬂsﬁLiﬁﬂawﬁ’smﬁjﬂmjﬁkowmmaﬁ%ﬁw mwLSﬂGﬁLiﬁﬂawﬁaL@]ﬂi‘é‘aﬂdngﬂﬂsuﬁﬂmﬁ'ﬂﬁ
WANE 2 YNt NIIUAIUIIWI, WU, SNEMLTHIUL, LAzANYUNAAUNG UaILFWRAALAILAZLEY

A o = P [ P |
Laa@@’]dﬂa\‘]‘l@ I@ﬂLﬂiﬂuu’]UUﬂUﬂﬂHmzﬂWUTmzN’]@@

Naﬂ'liﬁﬂ'ﬂ"l : ‘wudﬁvl@lﬁLéfmﬁa@LL@GLLazLﬁuLﬁa@ﬁﬁmﬂﬂdﬂ 1 L8% a@L‘ﬂ% 14.3% WAz 6.3% @]']NQO'WTU
A v = a nl Y A | ;ﬂl = = [ 1 s
‘Wi_lmaul,aa@LL@\‘JLL@mLL“UmmUFLu 2 LT%@LN@]SQ’]T’]Q@]L?&J@I%@@]L']J% 20.6% LUalUIuUNYUNUNAKIA®
) v A a & & a e = & A o
W‘J_I’J’m’ﬁm’mLﬁuLaa@VL@]I@ﬂLﬂsadLaﬂélil,islﬂauwaL@lamﬂ’nmmumm 100% mlumsﬁizmumu’m,

WYY, ANHIALTEIUY, LAZANHINAAUNA VaILFUIA0ALAILALFWR A1V bo

a1 : mimfmLéful,ﬁa@VLmI@mﬂ%aaLﬁnmiﬁﬂawﬁqmaﬁu‘lmiﬁmmgﬂﬁaoLL&iumge NN

NALNHBNITIATIILLTD Lﬂ"lﬁgﬂi’] HVL@T

ANHRAN mﬁ?@mfﬂLﬁmﬁa@fL@mﬂ%auﬁﬂmiﬂﬂauﬁama%

A = & a & .
Lﬂﬁﬂ\‘]Laﬂ‘ﬁL‘iUﬂa&lW’)L@la‘iEul%&l

%

a dl v Ada [l
NUS@]’]@]VL@IV]UGN“H'J@]Q%J

2



wi1a7Ulas9n13 (Executive Summary)
v o o a o 6 1 1
NI ANEAINTHN13119 1132 aI19158 T Inal

éﬂﬁnmuﬂmzn‘smm‘smsqﬂNﬁnmLtazﬁﬁﬁm'mnam%ﬁﬁua%umﬁﬁﬂ

1. #alasens (munlng)  mIasesnsaemimeimeveslalaseisadnmsdaeuRainaiian
mimé’@u%mﬂ"LmeLugu%mﬂvlmﬁﬂ'aﬁ%'%@agJ]'
(ﬂ'lielf15\‘]ﬂq1§) Preoperative CT Angiography in Living Related Renal Donors
o aofi MRG5080026

‘:1' L% v 1 ‘al o o ‘.-.; 1 %] I'4 .
2. BaRIMWITATINT BWILITUNFINA na wN2LAaBINIANT INI815 wag E-mail
a 6 a > 6 A 6
We. Wiy, TUennsol aAsNITUING (RUIUUN)
RUNTIRINADY NNAITITIFINGT ADAUANLAIRATAIINTWLILNS
WRUN 2 DUWWNIIUUN LUILI9NENTDE WALIINBNTaE NFILNW 10700
Insdwyl  0-2419-7086  In3an3 0-2412-7785
Insdwvidadla  081-924-0038  E-mail address: punpae@yahoo.com
nagim)  73/348 wasianyIwi 5 nithwladien dwananwn
dnatilas %‘d%‘?@ﬂnumﬁ 12000

Inyenyl  0-2997-2172-3  In3ss -

3. #21in39ufilSnun nigewiFINA ‘ﬁ'agli nanaaalnsdny Insans
a.adinioIfgm wiy. ugua AIgmwIIn 313lnaw
RIVITIFIRDY MAITTIFINGT AUSUNNUANRATATINTNEILIA
8T 2 AUWNIIRIN UDLNINaNEaY WALIINantas N3INW 10700
Insdny  0-2419-7086  In3ans 0-2412-7785

4. ADBZHIVY WAL N0

4.1 wew. Jonsol aAsIsuing Ruuni) RVTIFIRDY  AAITTIFINGN
42 wyanlhs gaesugns RVNNIFIRIRY  NIAITITIRINEN
4.3 awfnauna Lesawysol RIVIIRIRIRY  NIAITITIRINGN
44 WAWNTITTY nIauAININE mmﬁmﬁ'aumamﬁ’giﬁwm
MAITARLANRAT

45 andfiniofgm wyunua digowasa adlnal . TiRIled MednTiEine

ATLELNNYFAIFAAIAIINTNLILIA



'
e Aaa o a

5. §1271331NNIN15IY FIFIRRLNLINUNNTATIANLLATDILBNTLITRANNILA DT
6. STULIAINNRWIW 2 1)

7. Tw1NIn19998 wazanndaysasilynd

[ &l

\duinnuiudilsalenodudgmsrdgmansuwndnuenanizenfiagihe i

[

Ao a

o v o a ° o Aa o Aa Y [ X AN o ~
Fwmwinnud Salinarligunwdievesdiheidilifiaagdesss masnsgiholialanon’ldnag
ﬁq@lwmzﬁﬁamsmﬁmﬂﬁw"lm LL@iLamLWﬂﬂ@Tﬁ’mﬁLﬂﬁsuvlmiﬂmlﬂ@ﬁ"lﬁw’mmjﬁaUﬁLﬂaLﬁﬂ%%
#I30 ;&’ﬂ’mauaamﬂ uddSunnslaadnaniinnauaz liinganadanNdaIng ﬁaﬁgﬁuéfwm’m

=) v v U 6 o 1 N dl Y Y dl s =)
LI AMIREINNEUMTUAN S Li’]ﬁ’]&l’]iﬂﬂ’m’ﬁw’mmﬂﬂﬂuvlﬁllﬁﬂﬂ?ﬂvl,@n’]ﬂI@ﬂlﬂ@lﬂvL@iUUﬁ]’]ﬂﬁ]’m

v

A Ao Ada o . v A [ ' o = A o = v
HU3eNSalidaaay (living related renal donors) I(ﬂmdmmﬂmﬂmmammlwwm"lmmmuﬂ%nu

2

H3usine Sdendugnafiasiafeusdiniithodulalansy
daumwridauInaladinan uwndazdasrinisanalanizesineasuinedisitang
dl a L a U [ =) L dl dl K 1 6 a
WWadszifinansazmimedmea (ldudansuzlnd, snsundsuuundsaglunasidng (normal
variation) LazanumeNRaUnfveinaaniien e viala wasiitala) aneaaumsvinauwvaslansaasdneg
dl a a 1 | s ] n:? o = ] s ‘ﬂ' s v A d! 1
fethdpaanaridudiienudiiaveimhaaasule asanauanulasaisrasuinala Siud
a a e 1 U a A A v A .
Wunatfiudandidsznaudis nmidefanasaiian lalaslfmuaiunasaiian (catheterized renal
angiography) T3ALMNIATIANTHINNUVE balaumsfadnnaaaidaadiaiulany (intravenous
pyelography) %amiﬁ@ﬁgma@Lﬁﬂ@vl,mi@ﬂ%mﬂmu%aamLﬁa@ (catheterized renal angiography) Wb
faiunmianafidaud1ainmu (invasive study) inTzazdaslinisunivaaaifieauaslngiusiamn
A A ! & A A & @
Wiy (femoral artery) alazuaulnllaannasaidon landaastng
L% A [~3 6 a 6 1 [l . a v v ¢:§/ 1
luilagtwaIeadnmisdaaufainaiiulna (multidetector CT scanner) fianuiinihaunia
udlduann MIaTdthmanInaIgansmzIMsimauazmIinusedlaldluiuaswdslas |
o o A A o [ £ & o « AV . .
daslfmumunaaaiion Seviliazainunniu nedudun1sasranlisnau (noninvasive study)
a8 lsiaunIaTInaealien lamaiadadianaisdnauiiiaas (renal CT angiography) & fida4il
mdnsAuEnlud UANNYNEDI WAl UATAMVITENLEINIIATIA MINMNIATINEINAIHANA

WNBIEY RINUITOUIUNBNNITATIUULAN e]ﬁajdmﬂ LLa:ﬁauﬁNﬁ;mm"Lﬁ

8. Innuszasn

- iaaTameanuusiuin (accuracy) °11aamsmaaé’nwmzmamzl'imﬂmao"l@lugu%ﬁnﬂvlmﬁﬂ'aﬁ
%%ag’éﬁuLﬂ'%aoLﬁﬂsmiﬁﬂauﬁamaﬁulmj

- Lﬁﬂ@li’m%’lﬂ’n&l“gﬂ (prevalence) maaﬁnwmuﬁlUdLuuﬁgdaéiuLﬂmsﬁﬂﬂa (normal variation)

2Y2INRDALADN LA (accessory renal artery) uazviala (double collecting system) Elu;gu%ﬁnﬂ"lmm’s"lm



9. sz1iguI539
1a39n1339 8 AT UAM U ARTALINNA K NIINAITITLTITNM IO UAY AT UNNLFRATAIINT
WL N.NAAR
TNeazidsalazimutiauiitatandd gasi
1 YV A t:' Yo
ﬂQNEUiﬁ)ﬂﬂ1@lﬂ1ﬂiﬂﬂ1‘iﬁﬂH’]
;ju‘%m@"[@nm’]ﬂﬁa%isl,uﬂf,juﬁnmazﬁao‘lﬁ%’umsmfmvl,mﬁ’;ﬂL@ﬁ:aoLﬁﬂéﬁnﬁﬂauﬁ’;mai’julmi
LRZADI LATUNIHIAALSIA LANIIRAINITATID LAAINEID Iﬂ&lﬁ]zﬁ’]ﬂ’]ﬂﬁﬂ“ﬁ/a}ilagﬂ’lUﬁdl%ﬁ’]%ﬂ’]g
e 1301529167 NaLRaaNLITNNIYINwTad be (serum creatinine) FIUDITTHEHIITEAININTATID L6
AELaIadLAnTLITnaNNILARI LAz NNTHIAALSA 6
@ 2 [ ¢ A ¢
113030 laargaIasdnHItnaNNILaDS
;gu%mﬂvlmmwﬂﬁa;ﬂunéuﬁnwwﬂﬁ%’umsmwvlmﬁaaJLﬂ%adLﬁnmiﬁﬂauﬁamaﬁﬂmi
. p ' '
(multidetector CT scanner) TypatduinIad 16-detector CT scanner %38 LA3849 64-detector CT
=V o a a R o A . A o v a Aa A a . &
scanner fle  1agazAnI8ARIALTIF (contrast media) Sﬁammmw']"l,é'l,ugmafmvlmmNal,aawuw
mMIvauzadla (serum creatinine) agluinmsiUn@iimu  mianalaszilunassieszezinamg
' a /KR o A v A KK A . v A <K A
NAaBAARIINUIIR (precontrast phase) RRIAARITNUIIRDIILIN (arterial phase) LASHAIRARITNUINT
729989 (delayed phase) %aNINNNNTATINANNUNAGIBATWRBINA LlinIAAVIN9 (2-D axial view) Ua?
gedimsaemnlasialadnauiiiaes (CT workstation) tiali la M naasl@lwuuwidne (2-D
multiplanar reformation) WaznN WaNA# (3-D reconstruction) @28 InaRaNInaaKaz T8N
a a Q =Y v 1 o AI J
UszanTnnlunisasasnemenisneiniavas la @i aean
ﬁagaLﬁmﬁ'ué'ﬂmmzmamﬂﬁmmlaaimﬁazﬁaa%’mﬁulmjﬁmaLL@iamﬂﬁ]:ﬂszﬂauéf’m FAIUIN
PROALRDALAILAZHADALREAGT NITLANLYLITAINAOALRDALAILAZHADALRAAGT ANMIAYIa b TINDI
WeNTan WL landazt
Y a = & A & o . Y o A & vl ¢
msmfmvl,mmzlm‘smLaﬂsﬁljmauwaLmaimﬂmfmzvl,mummﬂaNaI@maauwm;duﬂi:aumsm
2 i 1aand 2 vnuaz lunTunam i aanazasinnITLUaNaLsNN%  INIMASIRUNNGND 2 ¥iNud
ANULABLANAINY Azdasrinmsutanasiunudnasanelilaanuduniduianaus (consensus
review)
nsHIAAUIAle
mirdauinalaazilasdasunndglinendanuiuwg lasdaounwndazyiniainudays
Lﬁmﬁué'nwmzmamﬂﬁmﬂmaﬂ@lunjﬁmﬂLL@ia:iw ARUTENAUAIY INUIURRDALIDALAILAZARDA
L1RAAAT NTUANLUWITIARRDALRAAUAILAZHADALADAAT ANBIYID 1A II0DI WeNTan waadLia lans

§09719



miﬁ'mqmmaaﬁau,azmﬁLﬂsﬂzﬁﬁagmﬁaa At

"]T?J%JE‘]‘YI"I\‘]TN El%ﬂ’]ﬂ“ﬂa&i@ﬁqﬁﬂﬁﬂﬂﬁimiﬂ'ﬂﬁ'} EJLﬂ%a\‘]LgﬂsﬁLigﬂaﬂJﬁ’JL@l@%"ﬂzgﬂﬁ"lu"lLﬂ%UULﬁ gy

ﬁuﬁagaﬁvlﬁmﬂmsmﬁ@u%ﬁnﬂvl,@ \WamIANugNead wainen (accuracy) 284N13ATI3 LAGLELATEY

& 6 a 61 '
Laﬂ‘ﬁLiﬂﬂa&lW'ﬁL(ﬂa‘iEul%&l

UANNNUUIININNNTATIANDNANNYN (prevalence) maoé’nwmnﬁmmuﬁﬂ'@a%ﬂummsﬁﬂﬂa

(normal variation) YDIADALRON LA (accessory renal artery) wazviale (double collecting system) lmj{

v3alaralne la ﬂl"ﬁﬁagamﬁmﬂmsmé’@

10. NIANRWIINIVLARDALATINIT LBUARZHII 6 LADY

Taguszasn WHWN13IDY Jzazan Hag Wi la (Output)
(1Hand)
1193 NANUNTDY 1.1 MIUNBLAZDBNLULY 1-6 1.1 1@ 3dunuawd Sufidaans
Aawrin29e 13398
1.2 Aumnuwised 1-6 1.2 lénaoisoiianlaiin
vt asuazlananI8nsas references
1.3 W UULULTDNTIUTDY 1-6 1.3 Vl@T%’umsmgﬁamﬂ
MuasussINmMIeluan AMENITNATITUETINNNTIL LU
A
2. MIATI AL 2.1 WUANAMTATIV baee 7-18 2.1 "l@Tﬁhmug\;Tu%mﬂ"L@lﬁmﬁw
CEnR I T 1] saaanTITnaNRILAeY RN TLIISnaNRILAasHan
AONAILADS msuseleaundasns
2.2 \iuTunudayans 7-18 2.2 fiunumadayanmiaiale
anvladoiesaaingss fosasnmIsnouRaaasle
AONAILADS AT
3. Mmraavsnale | 3.1 Wdavsanale was 7-18 3.1 Haavsanale waztuin
N ﬁuﬁnﬁayamnmsmé’@ ﬁagaﬁnﬂmsmﬁmvlﬁm’mﬁaaﬂ’ﬁ
pju%mﬂﬁﬁ'aﬁ%%ag 3.2 \WiuTIUNUTayan 7-18 3.2 \NUTUNUTaYaNMIHI6e
m3taav3anale U3nalalaaTudin
4. "“;me:ﬁﬁa;da uae | 4.1 31,@13'1:%1]”%1& 19-24 4.1 "l@ﬁa%laﬁmaulmmzmmm
AW UNIRDG i limsunsuasAR N lwINTaNT
e
4.2 MUIUNWFDG 1924 | 4.2 ldafiinadymeaia
5. @ouwunanuLiiess | 5.1 sawessudualuiioss 19-24 | 5.1 mmxﬁﬁwé’aagimzmwmi

a a
AN LI1IENT

A A
AN MWﬂ%’Tﬁﬁ’]iﬂ’N

a A Aa €
LUHRUNAIMULANBRIANNN




MIMIUANTWIWITIA | MIWANSWIUTIR

11. 903z NalasInis 480,000 U e9Tuaztiaaadsialid

18013 3201 1 3207 2 3207 3 3
(un) (Un) (un) (Un)
1. RUIAAIADUUNY 240,000
- AnaauunwIInIn laTINTI TR TU L 120,000 60,000 60,000
2. ANIAAIER - 30,000
- G UELENEINNIIT NSNS ag 5,000 5,000
- ANNIEAN BN BURERUNANNTIRTLANW 7,500 7,500
3-D reconstruction
- ANNTTANBUATRANNNNY-FFRTLNY 2,500 2,500
DhGak
3. nane T dasuazaw 9 - 146,500
- @1A373NLAY 3-D reconstruction 32,500 60,000
- @1DY3NLTEN ethic committee IW.AI 3N 4,000 -
- @1¥iN poster LA DLEUONSIT - 5,000
- fsaganII I aa Wl - 35,000
WG AARUN Wazen Reprint
- ANTNYLANENT 5,000 5,000
4. AaAATA AN - - 63,500
- @1 Computer Was Printer 60,000
- @ Software lWMFAATIZRNIRDE 3,500
INIVY T IATINT 240,000 180,000 60,000 480,000

o ® { o H Y]
12. TassnisdnSeaaysol tiaiuii 30 Awaaw 2551

aa 6"

mmzﬁﬁwé’aa%iizwmmilﬁ SPUNANMULNARIANUNW




LAWY

Normal and Variant Renal Vascular Anatomy in Potential Renal Donors:

Evaluation with 16- and 64-Detector CT Angiography

Voraparee Suvannarerg, M.D.1, Piyaporn Apisarnthanarak, M.D.1,

Kobkun Muangsomboon, M.D.1, Tawatchai Taweemonkongsap, M.D.Z, Narumol S. Hargrove, M.D.1

7Depanfment of Radiology and 2Depan‘ment of Surgery
Faculty of Medicine Siriraj Hospital, Bangkok 10700 Thailand.

Purpose: To study normal and variant renal vascular anatomy in potential renal donors using 16- and
64-detector CT angiography.

Materials and Methods: 65 consecutive potential renal donors underwent multidetector CT
angiography (31 and 34 donors for 16- and 64-detector CT, respectively). Their CT images were
retrospectively reviewed in consensus by two abdominal imagers on 3-D workstation. The number and
branching patterns of bilateral renal arteries and veins, renal arterial variants, along with venous

anomalies of left renal vein, inferior vena cava (IVC) and lumbar-gonadal axis were described.

Results: Supernumerary renal arteries and early branching were present in 18.5% and 12.8%
respectively on the right kidneys and 27.7% and 22.4% respectively on the left kidneys. The
prevalence of precaval right renal artery was 4.6%. Supernumerary renal veins were present in 35.4%
and 1.5% on the right and left kidneys, respectively. Late confluences of left renal veins were identified
in 1.5% of left kidneys. Other venous anomalies including 1.5% circumaortic left renal vein, 1.5%
retroaortic left renal vein, 1.5% duplicated inferior vena cava (IVC), 1.5% outsized left gonadal veins
drained into left renal vein, and 6.2% right gonadal vein drained into right renal vein.

Conclusion: CT angiography provided by 16- and 64-detector CT was an ideal imaging tool for
detection and classification a variety of renal vascular anatomical variants, assisting the surgeons for

preoperative planning of living related renal transplantation.

Key words: CT angiography
Multidetector CT

Living related renal transplantation



INTRODUCTION

Living related renal transplantation is now replacing the cadaveric renal transplantation as it
offers many major advantages over the old technique. First, it offers the better survival rates for the
patients and the grafts. The United Network for Organ Sharing (UNOS) Scientific Registry reported the
one-year graft and patient survival rates of 91.2% and 97.2% respectively for living related renal
transplantation, compared with 80.6% and 93.3% respectively for cadaveric renal transplantation.
Similarly, the three-year graft and the patient survival rates for living related renal transplantation were
83.9% and 94.3%, respectively while those for cadaveric renal transplantation were 69.0% and 87.4%.
The ten-year graft survival rate of the cadaveric renal allografts was roughly one-half of that of living
related renal allografts (1). Second, living related renal transplantation decreases the prolonged waiting
time. Other advantages include decreasing an incidence of delayed graft function and shortening the

hospital length of stay of the recipients.

At our institution, the first case of living related renal transplantation was performed in 1979.
The rate of the living related renal transplantation at our institution has been increasing, so far up to 28

cases in 2006. These include either open nephrectomy or laparoscopic nephrectomy techniques.

Laparoscopic nephrectomy in living related renal donor has emerged since 1995 as the most
preferred alternative to open nephrectomy as it provides many advantages over open technique
including decreasing the morbidity, pain, recovery time and size of operative scar (2-4). However,

laparoscopic donor nephrectomy is technically challenging due to limited surgical field of view.

Preoperative imaging for living related renal donors is critical for donor selection, kidney
selection as well as surgical planning. Some renal pathologies are unacceptable for donation. These
include congenital fusion anomalies, bilateral multiple (> 3) arteries or veins, bilateral aberrant arterial
supply or venous drainage (e.qg. iliac vessels), asymptomatic diffuse renal diseases or discovery of

incidental solid masses in kidneys or other organs (3).

For normal and healthy donor, left kidney is usually preferable for donation due to its longer
vascular pedicles than the right side. However, right kidney may be selected if left kidney has more
complex vascular anatomy which will complicate the nephrectomy process. If the donor has pathology
in one or both kidneys, the more common kidney will be kept for the donor and the less common

kidney will be harvested for donation.



Conventional preoperative imaging for living related renal donors includes catheterized renal
angiography and excretory urography which are nowsaday replacing by CT angiography (5). CT
angiography provides critical information of renal vessels (single or supernumerary renal arteries/veins,
their branching patterns, arterial and venous variants), renal parenchyma and collecting systems with
high accuracy (6-8). These information help surgeons planning the operation and avoiding possible
injuries to renal vessels esp. in laparoscopic approach which the visualization of operative field is

limited.

The information about the prevalence of renal vascular variants were mostly arrived from
autopsy and surgical series. The radiological studies described renal vascular variants were limited.
Most were designed to compare imaging study with operative findings. Therefore, the information of
vascular variants was limited only for the harvested kidneys which were likely to have less complex
vascular anatomy. Our study was designed to illustrate the type and frequency of normal and variant
vascular anatomy in Thai potential living related renal donors by using 16- and 64-detector CT
angiography. The knowledge from this study will be basic knowledge to remind the surgeons and the
radiologists to look for these anomalies which are the critical clues for donor selection, kidney selection

and surgical planning.



MATERIALS AND METHODS

Patients:

This study was a single-centered study approved by our hospital ethic committee. Written
informed consents were not required due to its retrospective design. From June 2003 to July 2007, 65
consecutive living related renal donors (25 men, 38.5% and 40 women, 61.5%; age range 19-56 years;
mean age 34.9 years) underwent preoperative renal CT angiography by using either 16- or 64-detector

CT scanner prior to the planned nephrectomy.

MDCT Protocol:

All 65 consecutive living renal donors were obtained with either 16- or 64-detector CT scanner
(LightSpeed VCT, GE Healthcare, United Kingdom) with the same protocol consisting of images

acquired in the unenhanced, arterial, and excretory phases.

After fasting for at least 6 hours, each patient ingested 3 glasses of water (250 ml per glass),
each glass every 15 minutes. The last glass was ingested just before entering the CT room. Drinking
water was designed for distension of the collecting system. The CT procedures and breathing
instructions were explained to each patient by our CT technologists. All CT phases were performed

during inspiration as parameter shown in Table 1.

Unenhanced CT scans were obtained from hepatic dome to pubic symphysis. Unenhanced
images were obtained to locate the kidneys, evaluate renal stones, and obtain baseline density

measurements of incidentally-found renal masses.

Dynamic enhanced CT scans were performed after intravascular injection of 100 ml of 370
mg/ml lopromide (Ultravist 370, Schering, Berlin, Germany) into antecubital vein through an 18-G
peripheral 1V line using a power injector at a rate of 4.0 ml/second. The starting time of the arterial
phase scans was 5 seconds after a threshold of 150 HU reached in the region of interest (ROI) within
the abdominal aorta just above the kidneys. For the arterial phase, the area of coverage included from
hepatic dome to iliac crest. Arterial-phase imaging was performed to evaluate the renal arterial and

venous anatomy.



For the excretory phase, the scanning started after 2-minute delay, covering the areas from
hepatic dome to iliac crest. This phase was designed for the evaluation of the renal parenchymal with

probably urothelial variants.

Image Processing and Analysis:

The volumetric imaging data were reviewed individually by two abdominal imaging radiologists
on 3-D workstation. Any discrepancies were resolved in consensus, to act as a gold standard. For
each CT examination, the readers reviewed the source of axial images, supplemented with 2-D
multiplanar reformations (MPR), 3-D volume rendering (VR) and 3-D maximum- intensity-projections

(MIP) as necessary.

Reviewers described and categorized the number and branching patterns of renal arteries and
veins, as well as the presence of renal arterial variants and venous variants. Congenital and acquired
pathology of renal parenchyma and collecting system were also described but not included in this

study.

Renal Artery Evaluation:

We retrospectively evaluated the number and branching patterns including the morphology of
renal arteries, bilaterally. Supernumerary renal arteries were those that had separated origin from the
aorta or iliac arteries, independent of the main renal arteries. In living renal donor transplantation,
identifying the distance between the aorta and the take off of the first arterial branch from the renal
artery is important because this length determines the number of arterial anastomoses to be performed
in the recipient. A short neck, also known as “early branching renal artery”, exists when the first renal
arterial branch takes off close to the origin of the renal artery and may need a separated anastomosis.
At our institution, we define the presence of an early branching of renal artery when the first branch
originates within 2.0 cm from the lateral wall of the aorta. This criteria was agreed by the surgeons in
our hospital. We also evaluated renal arterial variants (eg. precaval right renal artery), and abnormal

renal vascular morphology focusing on mural calcification, stenosis, and beading pattern.



Venous Evaluation:

For renal vein evaluation, we retrospectively evaluated the number, and venous confluence
patterns of renal veins, as well as the venous anomalies of IVC, left renal veins and lumbar-gonadal
axis. With the same reasons with renal arterial anatomies, the number and venous confluence patterns
of renal veins are important clues for determining the number of anastomoses in the recipients. If
branches of the renal veins (esp. on the left side) coalesce near the lateral wall of the aorta, so called
“late confluence”, then the addition of anastomoses may be necessary. At our institution, a late venous
confluence is diagnosed only on the left kidney when left renal venous branches coalescing beneath or

near left lateral wall of the aorta.

Venous anomalies observed in our study included duplicated IVC, circumaortic left renal vein,
retroaortic left renal vein, and outsized left lumbar or gonadal veins (>10mm) draining into left renal
vein, so called lumbar-gonadal axis. We also collected the data of variant right gonadal vein draining

into right renal vein.



RESULTS

Patients:

On consensus review, the MDCT images were evaluated as technically satisfactory in all 65
donors. These include 25 men (38.5%) and 40 women (61.5%). Their ages varied from 19 to 56 years
(mean age of 34.9 years). CT angiography were performed with 16- and 64-detector CT in 31(47.7%)
and 34 (52.3%) donors, respectively. For these 65 donors, there was no underlying disease and their
serum creatinine were within normal limit (range 0.4-1.5 mg/dl). Twenty-eight (43.1%) of 65 donors

underwent open nephrectomy while the rest (56.9%) underwent laparoscopic nephrectomy.

Renal Artery Evaluation:

The number and percentage of right and left kidneys with single and multiple renal arteries
were described in Table 2. Supernumerary renal arteries were illustrated in Figure 1-4. Early branching
renal arteries were identified in 10 of 78 (12.8%) right renal arteries and in 19 of 85 (22.4%) left renal
arteries (Figure 3-5).

Three of 65 (4.6%) donors had precaval right renal arteries. One of these cases had single
right renal artery which was precaval in anatomy. Other two cases had 2 right renal arteries and

precaval right renal artery in each case were the accessory one (Figure 6).

In this study, we did not find significant abnormal renal vascular morphology including mural

calcification, stenosis, and beading pattern.

Venous Evaluation:

The number and percentage of right and left kidneys with single and multiple renal veins were

described in Table 3. Late confluence of left renal veins were present in 1 of 65 donors (1.5 %) as

shown in Figure 7.



The prevalence of other venous anomalies such as duplicated IVC (Figure 8), circumaortic left
renal vein (Figure 9), retroaortic left renal vein, outsized left gonadal vein drained into left renal vein

(Figure 10), and right gonadal vein drained into right renal vein (Figure 11) were described in Table 4.

Additionally, abnormal low position with malrotation of right kidney was seen in one donor
(Figure 9). She also had complex vascular anatomy including circumaortic left renal vein, single
precaval right renal artery with early branching, and two left renal artery with early branching of the

upper branch.



DISCUSSION

Preoperative knowledge of renal vascular anatomy is critical for donor and kidney selection.
This also helps surgeons planning the operation and avoiding vascular injuries. This necessary data
could be obtained by CT angiography with near-isotropic data sets enabled by new multidetector CT
(5-7). Raman et al. (8) reported 97% accuracy of 16-detector CT angiography for detecting single and
supernumerary renal arteries and veins, comparing with operative findings as gold standard. They also
reported 100% accuracy for detection of early branching of renal arteries and late venous confluence.
Based on these prior reports (5-8), we claimed that CT angiography provided by 16- and 64-detector
as in our study also should have high accuracy for detection of normal and variant renal vascular
anatomy although our study used the radiological consensus as a gold standard, not a surgical prove.
We designed the study different from prior studies because we would like to describe and quantify
normal and variant renal vascular anatomy in both kidneys on a cohort of mostly young, asymptomatic
potential renal donors in Thailand. The studies with surgical prove would be limited as they could

evaluate only the harvested kidneys which inevitably had less complex vascular anatomy.

In our study, supernumerary renal arteries were slightly prominent on the left side (27.7% vs
18.5%). We had previous knowledge that aberrant renal arteries could arise from the common iliac
vessels, therefore the arterial phase in our study had the field coverage downwards to iliac crests.
However, in this study all supernumerary renal arteries arose from abdominal aorta without aberrant

iliac branches.

One important observation in this study was the frequency of supernumerary veins much more
common on the right side (35.4%) than the left side (1.5%). This is similar to prior study by Raman et
al. (9). They reported supernumerary veins on the right and left kidneys for 24% and 8%, respectively.

These emphasized the preference of left kidney donation.

Overall, the prevalence of renal vascular anatomic variants in our study were not different from
the previous studies as described in Table 5. However, the different criterias of late confluence of left
renal veins and outsized lumbar-gonadal axis between our study and Raman study resulted in the
discrepancies in the prevalence of these 2 categories. A late confluence of left renal veins in our study
was diagnosed when left renal venous branches coalescing beneath or near left lateral wall of the
aorta whereas in Raman study was diagnosed when venous branches coalescing within 1.5 cm from

left lateral wall of abdominal aorta. These could explained the discrepancies of the prevalence of late



confluence of left renal veins in these 2 studies (1.5% vs 17% in this study and Raman study,
respectively). Raman diagnosed outsized lumbar-gonadal axis when there was/were left lumbar vein
and/or left gonadal vein larger than 5mm whereas our cut point was at 10mm. Therefore the

prevalence of outsized lumbar-gonadal axis was far higher in Raman study (54% vs 1.5%).

In our study, there were 61 (93.8%) cases of right gonadal vein drained into IVC and 4 (6.2%)
cases drained into right renal veins. To our knowledge, there was no previous study described the
variation of right gonadal vein drainage. This may be explained by relatively small-sized right gonadal
veins were difficult to be visualized on conventional or old multi-detector scanner. With newer scanner

and optimized CT protocol, right gonadal vein would be more identified.

Limitations of this study must be acknowledged. First, a surgical gold standard could not be

used due to the study design as mentioned above, thus two readers consensus review were used as a
gold standard. Second, the small total numbers of kidneys (65 left and 65 right kidneys) were included
in this study. Further study with more number of kidneys included in the study will describe more
vascular anatomical variants with more accurate frequencies. Third, the variants of renal collecting
system and ureters were not evaluated in this study due to the 2-minute delay time of excretory phase
in our study was too early for good visualization of renal collecting systems and ureters. Another study
with increased delay time for excretory phase should be designed to enhance the opacification of

excreted contrast in renal collecting systems and ureters.

In summary, 16- and 64-detector CT angiography provided the excellent assessment of normal
and variant renal vascular anatomy, assisting the surgeons for preoperative planning of living related

renal transplantation.
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Table 1. CT Parameters for Preoperative Evaluation of Potential Renal Donors.

Oral Contrast Total 3 glasses of water, each glass (250 ml) every 15

min, last glass just before entering CT room

IV Contrast 100 cc, 4cc/sec (power injector)

Position Supine

Scan Sequences [ Scannogram (scout)

- Axial, unenhanced scan (from hepatic dome to pubic
symphysis)

- Axial, arterial phase (from hepatic dome to iliac

crest), delay time: 5 seconds after ROl in aorta just

above renal level reached a threshold of 150 HU

- Axial, excretory phase (from hepatic dome to iliac

crest), delayed 2 minute after starting injection

Scan Direction Superior to inferior

Respiration Breath in and hold breath

Collimation 1.25 mm (every phase except arterial phase use
0.625 mm)

kVp 120 (use 150in big patient)

mA 300

DFOV Cover abdomen

Post-processing 2-D MRP and 3-D reconstruction (VR and MIP

techniques as necessary)




Table 2. Number of Renal Arteries on the Left and Right Kidneys of 65 Donors.

No. of Renal Arteries Left Kidney Right Kidney
No. of Patients (%) No. of Patients (%)
1 47 72.3% 53 81.5%
2 16 24.6% 11 16.9%
3 2 3.1% 1 1.5%
Total 65 100% 65 100%

Table 3. Number of Renal Veins on the Left and Right Kidneys of 65 Donors.

No. of Renal Veins Left Kidney Right Kidney
No. of Patients (%) No. of Patients (%)
1 64 98.5% 42 64.6%
2 1 1.5% 19 29.2%
3 0 0% 4 6.2%
Total 65 100% 65 100%

Table 4. The Prevalences of Venous Anomalies of 65 Donors.

Venous Anomalies Number (%)
1. Duplicated IVC 1 (1.5%)
2. Circumaortic left renal vein 1 (1.5%)
3. Retroaortic left renal vein 1(1.5%)
4. Prominent left gonadal vein (diameter >10mm) 1 (1.5%)
5. Prominent left lumbar vein (diameter >10mm) 0 (0%)
6. Right gonadal vein drained into right renal vein 4 (6.2%)




Table 5. Comparison of the Prevalence of Renal Vascular Variants with Prior Studies.

Vascular Variants Prevalence (%)

Our Study Raman et al. (9) Yeh et al. (10)
Supernumerary Rt. renal a. 18.5 22 -
Supernumerary Lt. renal a. 27.7 16 -
Early branching of Rt. renal a. 12.8 15 -
Early branching of Lt. renal a. 22.4 21 -
Precaval Rt. renal a. 4.6 - 5
Supernumerary Rt. renal v. 35.4 24 -
Supernumerary Lt. renal v. 1.5 8 -
Late confluence of Lt. renal v.* 1.5 17 -
Circumaortic left renal veins 1.5 8 -
Retroaortic left renal veins 1.5 2 -
Duplicated IVC 1.5 0.8 -
Outsized lumbar-gonadal axis™* 1.5 54 -
Rt. gonadal v. drained into 6.2 - -
Rt. renal vein

Remarks: Different criterias between our study and Raman study resulted in the discrepancies in the

prevalence of late confluence of left renal vein* and the outsized lumbar-gonadal axis**.



FIGURES AND LEGENDS

Figure 1. A 3-D volume-rendered (VR) image of a 52-year-old male
renal donor obtained with a 64-detector CT demonstrates three left

renal arteries.

Figure 2. Rotating 3-D volume-rendered (VR) images of a 34-year-old female renal donor obtained

with a 64-detector CT demonstrates two right renal arteries and two left renal arteries.

Figure 3. A 3-D volume-rendered (VR) image of a 30-year-old male
renal donor obtained with a 64-detector CT demonstrates two right and
two left renal arteries with early branching of a lower left renal artery

(13 mm from aorta).




Figure 4. Rotating 3-D volume-rendered (VR) images of a 32-year-old female renal donor obtained
with a 16-dectector CT demonstrates two right renal arteries and early branching of single left renal

artery (8.0 mm for the aorta).

Figure 5. A 3-D volume-rendered (VR) image of a 28-year-old male
renal donor obtained with a 16-dectector CT demonstrates single left
renal artery with early branching (4.0 mm from aorta). Single right

renal artery is also visualized.

(A) (B)

Figure 6. (A) A 3-D volume-rendered (VR) and (B) a 3-D maximum- intensity-projections (MIP) image
of a 23-year-old female renal donor obtained with a 16-detector CT demonstrates two right renal

arteries. Lower right renal artery is prevacal in location.



Figure 7. A 3-D maximum- intensity-projections (MIP) image
of a 40-year-old male renal donor obtained with a 16-detector

CT demonstrates late confluence of left renal vein (left renal

venous branches coalescing beneath lateral wall of aorta).

Figure 8. A 3-D volume-rendered (VR) image of a 27-year-old

female renal donor obtained with a 64-dectector CT demonstrates

the duplicated inferior vena cava (IVC).

Figure 9. A 3-D volume-rendered (VR) image of a 19-year-old female
renal donor obtained with a 16-dectector CT demonstrates low-
positioned right kidney with malrotation. Complex renal vascular
anatomies are also observed including single precaval right renal
artery with early branching (10.3 mm from aorta), two left renal

arteries with early branching of the upper branch (14mm for aorta),

and circumaortic left renal vein.



Lt.Gonadal vein

Figure 10. A 3-D maximum- intensity-projections (MIP) image of a 24-year-old female renal donor
obtained with a 16-detector CT demonstrates the outsized left gonadal vein (10mm in diameter)

drained into left renal vein.

(A) (B)

Figure 11. (A) A 3-D maximum- intensity-projections (MIP) and (B) a 3-D volume-rendered (VR)

image of a 40-year-old female renal donor obtained with a 16-dectector CT demonstrates right gonadal

vein drained into right renal vein.
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