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Introduction

Th e  adve nt of te ch nology in m e dicine  lik e  com pute d
tom ograph y (CT) in th e  re ce nt pas t provide  us
opportunitie s  for im proving th e  q uality of CT im age ,
clinical practice  as  w e ll as  to dis cove r th e  clinical
application of CT im age  (Kyongtae , 2010). Adm inis -
tration of contras t m e dium  w ith  re s pe ctive  s can tim ing
h as  als o a ch alle nge . Com pute riz e d s im ulate d
inform ation is  analyz e d and provide s  a de taile d
k now le dge  re garding th e  factors  as s ociate d w ith
intrave nous  contras t as  w e ll as  s can tim ing. Parti-
cularly, during th e  re ce nt pas t, m ulti-de te ctor CT
s h ow e d e fficie nt im prove m e nt not only s patial but
te m poral re s olution. Now adays , CT angiograph y
te ch niq ue  is  pre fe rre d on cath e te r-bas e d conve ntional
angiograph ic diagnos is . Mos t of th e  ph ys icians  are
inte re s te d in m ulti-de te ctor CT urograph y for th e ir
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OBJECTIVE: To e valuate  th e  e ffe ctive ne s s  of MDCT-Angiograph y in diagnos ing th e  accuracy of re nal arte ry
variations  in living re nal donors . METH ODS: A cros s -s e ctional re tros pe ctive  e xploratory s tudy to re vie w  m e dical
re cords  of 522 patie nts  re fe rre d to Radiology de partm e nt for pre -ope ration Re nal Angiograph y of donors  for re nal
trans plantation from  2010 to 2012. Th e  s tudy group copris e d of 304 m ale s  and 218 fe m ale s  w ith  age  range
be tw e e n 19  -  64 ye ars . Th e  Se ns itivity and re liability analys e s  w e re  carrie d out us ing SPSS 22. RESULTS: Out
of 522 patie nts , 443 s ingle  arte rie s  found on CT and 444 w e re  found on s urge ry w ith  a m e an diffe re nce  of m inus
one , 73 cas e s  w e re  ide ntifie d on CT and 71 cas e s  w e re  ve rifie d by th e  gold s tandard s urge ry w ith  a m e an
diffe re nce  of plus  tw o. W h e re as , s ix cas e s  w e re  diagnos e d in CT and s e ve n cas e s  w e re  ve rifie d by gold s tandard
s urge ry w ith  a m e an diffe re nce  of m inus  one  in triple  arte rie s . CONCLUSION: MDCT-Angiograph y is  found to
be  h igh ly accurate  for th e  diagnos is  of re nal arte ry variations  as  com pare d to th e  conve ntional m e th od. Our
findings  are  s ignificantly as s ociate d w ith  th e  s urgical diagnos is .
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inve s tigation. Due  to th e  late s t CT te ch nology and
th e ir adve nt, frus trate s  us e rs  to adopt obs ole te
protocols  w h ich  fail to provide  de s ire d im aging q uality
and a force  to ch ange  in practice . A s tate -of-th e -art
te ch niq ue  w as  publis h e d in re s e arch  journals  to
addre s s  th e  re q u ire d protocol re vis ions  and
cons ide rations  in contras t m ate rial adm inis tration for
th e  living organ. Such  th ings  als o e nligh te n us  to
im prove  our te ch niq ue  for e nh ancing th e  diagnos tic
e fficie ncy and patie nt care . Living re late d donor is  a
m ajor tre atm e nt option for a patie nt w ith  ESRD (Ylian
e t al., 2010). It is  m andatory for th e  s urvival of s uch
patie nts  as  com pare d to th e  m ainte nance  h e m o-
dialys is  as  it as s ociate d w ith  good q uality of life  and
longe r s urvival. Be tte r graft s urvival is  as s ociate d
w ith  living donor and re nal trans plantation th an cada-
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ve r donor trans plantation (Je e  W .C., 2008). Ade q uate
pre -ope rative  im aging w ork up of living re nal donors
is  m andatory to de te rm ine  if a patie nt is  s uitable  for
donor ne ph re ctom y to avoid th e  various  com plications
th at m ay th re ate n th e  trans plante d k idne y and
s om e tim e s  s urvival of re cipie nt. Th e  im aging w ork -
up involve s  anatom ic and functional e valuation of
donor's  k idne y. Traditionally, IVP ultras ounds  and
conve ntional angiograph y along w ith  Radiois otope
s canning w e re  us e d for th is  purpos e . Advance s  in
im aging te ch nology now  allow  ve ry accurate , rapid,
re lative ly non-invas ive  and s afe  e valuation of pote ntial
re nal trans plant candidate  (Satom i e t al., 2003).
Diagnos tic im aging of CT h as  m odifie d as  MDCT,
de te ctor e le m e nts  re place d from  line ar array to tw o-
dim e ns ional array and it pe rm its  CT s canne rs  to
acq uire  m ultiple  s e ctions  rapidly. Alth ough  re cons -
truction of MDCT im age  cons ide re d com plicate d
im age  proce s s ing as  com pare d to th e  CT, th e  adve nt
of MDCT h as  ch ange d th e  s ce nario and w ide ly us e d
in CT application lik e  CT angiograph y. In th is  re ce ntly
adve nt te ch nology, MDCT angiograph y due  to its
s h orte r im age  acq uis ition tim e , narrow  collim ation,
and ve ry th in s lice s  le ading to e nh ance d te m poral as
w e ll as  s patial re s olution w h ich  is  ne arly is otopic data
re s olution found advantage ous  for 2D and 3D im aging.
It h as  be com e  a k e y im aging te ch niq ue  us e d for re nal
as s e s s m e nt and h as  ch alle nge d th e  role  of
conve ntional angiograph y (Ays e l e t al., 2009 ).

Patie nts  and Me th od

522 patie nts  w e re  re vie w e d during th e  ye ar 2010 to
2012, re fe rre d to Radiology de partm e nt, SIUT-Karach i,
Pak is tan for donor Angiograph y. Th e  group w as
cons is ting of 304 m ale s  and 218 fe m ale s  age  range d
from  19  - 64 ye ars . Th e  ave rage  age  w as  found to
be  41.5 ye ars .
MDCT w as  pe rform e d w ith  follow ing param e te rs .

Kvp

MAs

Slice thickness

Pitch

Rotation time

Collimation

Parameters Values

120

ATCM

1.25mm

1:1

7sec

30 to 40 dfov

Th e  h e lical le ngth  w as  found to be  norm al.
1. Th e  s ubje cts  w e re  calle d afte r 6h our of fas ting.
2. Th e  18-20G cannula w as  us e d for ve nous  acce s s
in th e  ante cubital ve in or a large  ve in in th e  fore arm .
To avoid m otion artifacts  in s canning th e  s ubje cts
w e re  taugh t to h old bre ath  during s canning and re m ain
s till. MDCT s cans  w e re  obtaine d w ith  th e  patie nt in
th e  s upine  pos ition w ith  th e  fe e t firs t e nte ring th e
gantry (Uday e t al., 2001). About 100 m l of contras t
m e dia w as  inje cte d us ing a pow e r inje ctor at a rate
of 4 m l/s e c. Th e  w h ole  e xam ination w as  pe rform e d
in four ph as e s  de s cribe d as  unde r:
Th e  plain s tudy w as  pe rform e d w ith  th e  patie nt in
s upine  pos ition caudocranially, from  th e  top of th e
k idne y to pubic s ym ph ys is . It is  us e d to locate  th e
k idne ys  and to de te ct th e  pre s e nce  of s tone s  in th e
re nal tract or ne ph rocalcinos is . To e ns ure  appropriate
s can tim ings  bolus  trigge ring m e th ods  are  us e d.
Th e  arte rial ph as e  w as  s tarte d w h e n trigge ring le ve l
of m id de s ce nding th oracic aorta re ach e d 150H U
(H ouns fie ld units ). Th e  are a of s can include d from
th e  le ve l of D10 to L5 ve rte bra. Th e  acq uis ition para-
m e te rs  us e d w e re :

Kvp

mAs

Slice thickness

Pitch

Rotation time

Collimation

Parameters Values

120

80 to 500

1.25mm

1:1

0.5 to 01 sec

30 to 46 dfov

In ve nous  ph as e , th e  are a include d w as  from  D12 to
th e  pubic s ym ph ys is .
De laye d ph as e  w as  pe rform e d afte r 10 to 12 m inute s
of IV contras t inje ction to outline  th e  pe lvicalyce al
s ys te m  ure te r and urinary bladde r.
In pos t proce s s ing, th in s e ctions  of im age s  w e re
trans fe rre d to a w ork  s tation. Th e  im age s  w e re  pos t
proce s s e d w ith  a w ork  s tation of Advance d W ork
Station 4.4.
Th e  axial s ource  im age s  w e re  re form atte d on anoth e r
cons ole  in coronal and/or s agittal plane s . Se ve ral
ve s s e ls  le ngth  and branch e s  w e re  note d.
Th in s e ction axial im age s  w e re  trans fe rre d to a w ork
s tation w h e re  th e  individual volum e  data is  loade d to
th e  3D program . Th is  data is  utiliz e d for th e  ge ne ration
of MIP (m axim um  inte ns ity proje ction) im age s  and
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volum e  re nde re d im age s . M IP re cons truction
e nh ance s  th e  are a of h igh  radio de ns ity. It is  e xce lle nt
in outlining h igh  atte nuation h igh  contras t w e ll-de fine d
s tructure s  s uch  as  arte rie s . W h ole  m ultiplanar
re form atting is  pre fe rre d for th e  analys is  of s m all le s s
w e ll-opacifie d ve ins .
In volum e  re nde ring trans pare ncy and colors  are
us e d to allow  be tte r re pre s e ntation of th e  volum e  to
be  s h ow n in a s ingle  VR im age . VR is  particularly
us e ful for outlining th e  anatom y of large r ve s s e ls
s uch  as  th e  aorta and its  branch e s . Th e  volum e
re nde re d 3D im age s  of k idne y provide  s urge ons  w ith
a pre ope rative  m ap of re le vant vas cular anatom y.
Th e  3D re cons tructe d im age s  w e re  care fully corre late d
w ith  th e  axial s ource  im age s  to e ns ure  th at no
im portant vas cular s tructure s  w e re  inadve rte ntly
de le te d from  th e  3D m ode l. Th e  im age s  are  cle arly
analyz e d in coronal, s agittal and obliq ue  plane s  and
prope rly re vie w e d by a radiologis t (Satom i e t al.,
2004).
Th e  re cons tructe d axial im age s  w e re  th orough ly
e xam ine d by th e  cine  e valuation. Th e  inte rpre ting
radiologis t follow e d e ach  arte ry as  it aros e  from  th e
aorta and track e d it until it e nte rs  k idne y and pe rfus e d
it com ple te ly or partially. Th e  ve ins  w e re  s im ilarly
e xam ine d. Th e  h ilum  and caps ule  of e ach  k idne y
w e re  as s e s s e d and all th e  vis ualiz e d ve s s e ls  w e re
trace d back  to th e ir origin. Th is  is  a ve ry us e ful m e th od
applie d by Satom i and cow ork e rs  in th e ir s tudy for
de te cting s m all caps ular and polar arte rie s  w ith  dis tant
origin s uch  as  iliac arte rie s .

Re s ults

MDCT-Angiograph y is  found to be  h igh ly accurate  for
th e  diagnos is  of re nal arte ry variations  as  com pare d
to th e  conve ntional m e th ods . Out of 522 cas e s , 443
s ingle  re nal arte rie s  w e re  ide ntifie d on CT and
confirm e d by gold s tandard s urge ry w ith  a m e an
diffe re nce  of m inus  one  s h ow s  unde r-re porting in CT
w ith  th e  s e ns itivity ratio 0.9 9 7 (Fig.1). 73 cas e s  of
double  arte rie s  w e re  ide ntifie d on CT out of w h ich
71 w e re  ve rifie d by th e  gold s tandard s urge ry w ith  a
m e an diffe re nce  of (+ 02) w ith  th e  s pe cificity of 9 7.2%
(Fig.2). W h e re as , s ix triple  arte rie s  w e re  note d in CT
and s e ve n arte rie s  w e re  re porte d by gold s tandard
s urge ry w ith  m e an diffe re nce  (-01) w ith  th e  s e ns itivity
of 85.7%  (Fig.3; Table -1)

Figure  1: Bilate ral s ingle  arte ry on CT

Figure  3: Th re e  re nal arte rie s  on le ft and tw o on righ t

Figure  2: Tw o re nal arte rie s  on le ft and one  on righ t
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Dis cus s ion

Accuracy of MDCT
O ur s tudy rule s  out th e  accuracy of re nal CT-
Angiograph y proce dure  done  w ith  M DCT to pre dict
th e  re nal vas cular anatom y variation am ong th e  living
k idne y donors  in Pak is tani s ubje ct.
522 cas e s  w e re  s tudie s  and 443 s ingle  re nal arte rie s
accurate ly m atch e d w ith  th e  s urgical findings  of 444
an accuracy of 9 9 % . Our findings  are  found to be
s im ilar w ith  th e  e arlie r s tudie s  re porte d th e  s e ns itivity
of MDCT in diagnos ing th e  accuracy of living re nal
donors  (Ch ai e t al., 2008; Nam as ivayam  e t al., 2006).
In ge ne ral population variations  found m os t fre q ue ntly
in re nal arte rie s  w ith  a re porte d pre vale nce  of about
28–30%  (Satyapal e t al., 2001). Multide te ctor CT
angiograph y te ch niq ue  is  e fficie nt, re lative ly fas t and
re liable , non-invas ive  as  w e ll as  affordable  and re nal
vas cular anatom y is  de picting its  e xq uis ite  anatom ical
de tails  pre fe rably im aging m odality for a com pre -
h e ns ive  e valuation (H az irolan e t al., 2011; Urban e t
al., 2001). Us ually num e rical variations  of re nal arte rie s
are  found to be  of tw o type s  and ch aracte riz e d as
prim ary pre h ilar branch ing in te rm s  of s e gm e ntal as
w e ll as  m ultiple  re nal arte rie s  w h e re  h ilar e nte r into
th e  h ilum  along w ith  m ain re nal arte ry w h e re as , polar
e nte re d dire ctly from  th e  caps ule  to th e  re nal
pare nch ym a (Oz k an e t al., 2006). Expe rie nce  s h ow s

Single Artery

Double Artery

Triple Artery

Total

522

522

522

Artery on
CT

443

73

6

Artery on
Surgery

444

71

7

Mean
Difference

-1

+2

-1

Table  1: Arte rie s  on CT and Arte rie s  on Surge ry

Graph  1: Arte ry on CT and Arte ry on Surge ry

if th e  m ain or e xtra-re nal arte rie s  aris e  from  s upe rior
m e s e nte ric, infe rior m e s e nte ric or com m on iliac
arte rie s  one  can e as ily find th e  variation in th e  re nal
arte ry.
W ith  th e  pas s age  of tim e  radiological and m inim ally
invas ive  s urgical proce dure  is  gaine d re putation
e s pe cially for th e  re nal vas cular s tudy. Due  to th e
s ucce s s  and fam iliarity of anatom ical variants  of ope n
and m inim ally invas ive  s urge rie s , th e  re s e arch e rs
found m ultiple  re nal arte rie s  on th e  le ft s ide  m ore
com m only as  com pare d to righ t (Patil e t al., 2001).
W e  are  addre s s ing in th is  s tudy th e  s e ns itivity and
re liability finding of bilate ral m ultiple  re nal arte rie s  in
both  m ale s  and fe m ale s  re fe rre d to our de partm e nt,
De partm e nt of Radiology, SIUT-Karach i, Pak is tan.
Sim ilar s tudie s  conducte d by Oz k an and co-w ork e rs
am ong 855 angiograph ie s  and found th e  incide nce
of four le ft re nal arte rie s  in 0.2% and th re e  righ t re nal
arte rie s  in 1%  cas e  (Oz k an e t al., 2006). A s tudy
inve s tigate d th e  triple  re nal arte rie s  in 4%  w h e re as
1%  cas e  of q uadruple  re nal arte rie s  (Pollak  e t
al.,19 86). Re ce ntly, e valuation of a cas e  s tudy of
th irty-s ix ye ars  m ale  patie nt re pre s e nte d s e ve n re nal
arte rie s  out of w h ich  th re e  ariz e s  on le ft s ide , four
aris e n on righ t s ide . Furth e rm ore , from  th e  le ft s ide ,
tw o w e re  originate d from  th e  aorta and one  aros e
from  th e  infe rior m e s e nte ric arte ry. Th re e  aros e  from
th e  aortic origin on th e  righ t s ide  and one  w as
originate d from  a righ t com m on iliac arte ry (Koplay
e t al., 2010). Furth e rm ore , an angiograph ic s tudy of
tw o h undre d and fifte e n patie nts , th re e  additional
arte rie s  w e re  obs e rve d in 0.4%  h ow e ve r, tw o
additional re nal arte rie s  in 5.6%  cas e s  (Papaloucas
e t al., 2007). A s tudy w as  conducte d on one  h undre d
and tw o live  k idne y donors  and s h ow e d th e  pre s e nce
of th re e  and four re nal arte rie s  on righ t s ide  in 1 cas e
e ach  and five  re nal arte rie s  on th e  le ft s ide  in 1 cas e
(Patil e t al., 2001). Je tti and co-w ork e r in 2008, an
additional re nal arte ry s upplying th e  low e r pole  of a
le ft k idne y from  th e  le ft com m on iliac arte ry in a m ale
cadave r lik e  our cas e .
Conve ntional angiograph y w as  long be e n cons ide re d
as  an im aging te ch niq ue  for e valuation of re nal arte rie s
in living re late d donors  (Bruce  e t al., 2001). Th e  firs t
application of CT angiograph y w as  re porte d in pas t
fe w  de cade s . It w as  re porte d by Rubin and cow ork e rs
in 19 9 3, th at h e lical CT angiograph y w ith  dynam ic
I.V. contras t inje ction de picts  th e  anatom ical de tail of
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w h e re as  s pe cificity of double  arte rie s  de te rm ine d
9 7.2%  for diagnos ing th e  living k idne y donors  in
Pak is tani patie nt.
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aorta and its  m ain branch e s  and h e nce  th is  can be
a good alte rnative  to conve ntional angiograph y in th e
e valuation of abdom inal aorta and its  m ain branch e s .
Th is  opinion w as  s upporte d by oth e r auth ors  (Satom i
e t al., 2004).
Alth ough  conve ntional angiograph y w as  cons ide re d
as  re fe re nce  s tandard for e valuation of re nal arte rie s
in pote ntial re nal donors , s m all cabe r arte rie s  of
<3m m  cannot be  vis ualiz e d by th is  te ch niq ue  (Andre w
at al., 2005), b e s ide  th is  w h e n th e  findings  of
conve ntional angiograph y w as  com pare d w ith  s urgical
findings  acce s s ory ve s s e ls  or e arly branch ing w e re
m is s e d in approxim ate ly 8%  cas e s  (Sach ik o, 19 9 7).
Th e  aim  of our s tudy is  to e valuate  th e  accuracy of
MDCT angiograph y for pre diction of re nal vas cular
anatom y and its  variation in living k idne y donors . Th e
advantage  of MDCT is  th at th is  is  a non-invas ive ,
re q uire s  a s ingle  pe riph e ral ve nous  acce s s  and can
be  pe rform e d as  an outpatie nt proce dure  and th e
pe rs on can continue  h is  daily routine  w ith  no los s  of
w ork ing tim e . Th is  contras ts  w ith  invas ive  angiograph y
w h e re  6-8 h ours  of abs olute  be d re s t is  m andatory
(Satom i e t al., 2004).
Villablaca e t al., 2007, re porte d th at MDCT can be
a re liable  tool for q uantification of ve s s e l s iz e  ove r 7
m m  and th e  range  of s iz e  for acce s s ory re nal arte ry
w as  de s cribe d to be  2 to 3 m m  by Satyapal e t al.,
2001. Th e  MDCT is  cos t s aving as  com pare d w ith
conve ntional angiograph y as  in th is  proce dure  th e re
is  no ne e d of s pe cial cath e te rs  and e xpe rtiz e  as  w e ll
as  is  e as ie r to pe rform  by th e  m os t Te ch nologis t in
routine  radiology s e rvice s . Be s ide s  th is , th e re  is  no
ris k  of various  com plications  as s ociate d w ith  th e
introduction of th e  cath e te r into patie nt’s  body.
Out of 522 patie nts , 443 of s ingle  arte ry w e re  found
on CT and 444 w e re  or s urge ry w h ile  73 double
arte rie s  on CT and 71 on s urge ry. H ow e ve r, 6 cas e s
of th e  triple  arte ry on CT and 7 cas e s  of s urge ry h ave
be e n diagnos e d

Conclus ion

Our s tudy re ve ale d th at MDCT can provide  a h igh ly
accurate  as s e s s m e nt of th e  re nal vas cular anatom y
in living k idne y donors  w ith  a s e ns itivity of 9 9 .7% ,
and 85.7%  re s pe ctive ly for s ingle  and triple  arte rie s
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