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Introduction

Th e  portal ve in anom alie s  are  us ually as ym ptom atic
and m os tly ide ntifie d incide ntally during s urge rie s
and diagnos tic angiograph ie s  but im pos e  ris k  to
patie nts  unde rgoing s urgical inte rve ntions , trans plan-
tation and inte rve ntional proce dure s  of live r.1 Th e
advance m e nts  in live r s urge ry, living donor trans -
plantation, com ple x live r re s e ction, and  inte rve ntional
radiological proce dure s  lik e   portal ve in e m boliz ation
(PVE) de m and pre cis e  and re liable  pre ope rative  im a-
ging of vas cular anatom y to avoid pote ntial catas troph ic
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Th is  s tudy re vie w e d th e  type s , pre vale nce  rate  and im plications  of anatom ical variants  of th e  h e patic and portal
ve ins  by us ing routine  abdom inal m ultide tactor com pute d tom ograph y (MDCT). Th e s e  abe rrant incre as e  th e  ris k
of catas troph ic live r injury and m us t be  diagnos e d for inte rve ntional radiologis t’s  and vas cular s urge ons  be fore
com ple x h e pate ctom y, living donor trans plantation or h e patic ve nous  e m boliz ation. MATERIAL AND METH OD:
Th is  is  a pros pe ctive  s tudy of 7 m onth s  from  May to Nove m be r 2017, include d 100 patie nts  re fe rre d to radiology
de partm e nt. RESULTS: In total, 66 patie nts  out of 100 h ad at le as t one  abdom inal ve in variant and anom alie s .
Th e  h e patic ve in variants  h ad h igh  fre q ue ncy 45%  (n=45), w h ile  h e patic ve ins  w e re  ide ntifie d in 41%  (n=41).
And 20%  (n=20) h ad both  variations . Infe rior righ t h e patic IRH V w as  m ore  com m on in 46.6%  (n=21). Th e  s urgically
s ignificant m e an diam e te r of h e patic ve in w as  >5m m  in 13.3%  (n=06). Th e  Variations  of th e  PV s ys te m  w e re
obs e rve d in 41%  (n=41) w h ile  59 %  (n=59 ) h ad th e  norm al or clas s ic patte rn of th e  PVs  anatom y. Th e  com m one s t
w as  trifurcation PV (Type  2) in 58.5%  follow e d by righ t pos te rior PV as  a firs t branch  of m ain PV (Type  3) in
19 .5%  (n=08) patie nts . Th e  branch  of s e gm e nt VII and VI w as  ide ntifie s  as  a s e parate  branch  of RPV in 4.2%
(n=02) and 14.6%  (n=06) re s pe ctive ly. CONCLUSION: Th e  abe rrant portal ve ins  in 66%  patie nts  indicate
vulne rability to inadve rte nt com plications  during s urge ry and radiological inte rve ntions . Th is  e m ph as iz e s  for
dilige nce  CT re porting by radiologis ts  to re duce  injury and com plications  in live r proce dure s  and trans plant.
Ke yw ords : Abe rrant h e patic arte ry; Portal ve in, live r trans plantation, variations , Multide te ctor com pute d tom ograph y
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com plications .2

Th e  pre ope rative  k now le dge  of form ation, te rm ination
and tributarie s  of portal ve in, s upe rior m e s e nte ric
ve in and s ple nic ve in variants  are  ve ry im portant for
vas cular and trans plant s urge ons  for planning
inte rve ntion and m anaging s urge rie s  of live r, pancre as
and s ple e n. It e nable s  inte rve ntional radiologis ts  for
be tte r radiological proce dure s .3,4

In Living Donor Live r Trans plants  (LDLT), th e  h e patic
ve nous  variants  anatom y im pos e s  th e  ris k  of h e patic



ve nous  com plications .5 H e nce , pre ope rative  e valuation
of h e patic ve nous  anatom y m inim iz e s  s urgical
com plications  for th e  donor and re cipie nt.6,7 Th e
pre ope rative  anatom ical de te ction of th e  h e patic
vas cular patte rn h e lps  to re duce  iatroge nic com pli-
cations  and le ads  to be tte r outcom e s .8

Th e  routine  Multide te ctor CT (M DCT) is  cons ide re d
as  gold s tandard for vis ualiz ation of h e patic arte rie s
and ve ins  s upplying th e  h e patic pare nch ym a in living
s ubje cts .9  In MDCT th e  m ultiple  s lice s  are  acq uire d
at h igh e r rate  w ith  e nh ance d CT im age  acq uis ition.
Th us , th e  MDCT angiograph y is  valuable  in e valuation
of portal ve in pate ncy and pre ope rative  planning for
h e patic re s e ction.10

Th e  s tudy aim s  to h igh ligh t th e  h e patic and portal
ve ins  anatom y, variations  and th e ir im plications  for
live r s urge ry and radiological inte rve ntions  us ing
routine  abdom inal MDCT.

LIVER ANATOMY
Th e  live r be ing th e  large s t vas cular vis ce ra w e igh s
about 2%  of body w e igh t in th e  adult.11 Th e  Couinaud
clas s ification of live r anatom y divide s  th e  live r into
e igh t functionally inde pe nde nt s e gm e nts  w ith  a branch
of th e  portal ve in, h e patic arte ry and bile  duct. Th e s e
s e lf-containe d units  can be  re s e cte d w ith out dam aging
th os e  re m aining. For th e  live r to re m ain viable , re s e c-
tions  m us t proce e d along th e  ve s s e ls  th at de fine  th e
pe riph e rie s  of th e s e  s e gm e nts .
Th e  tw o dis tinct blood s upply s ource s  to th e  live r are
h e patic arte ry and portal ve in. All blood e xits  th e  live r
via th e  h e patic ve in. Th e  live r h olds  about one  pint
(13% ) of th e  body's  blood s upply at any give n
m om e nt.12

NORMAL PORTAL VEINS:
Th e  norm al portal ve in is  form e d by union of s upe rior
m e s e nte ric and s ple nic ve ins  be h ind th e  ne ck  of
pancre as  in front of infe rior ve na cava and at th e  le ve l
of L2 ve rte bra.13 Th e  portal trunk  divide s  into le ft and
righ t portal ve ins . Th e  righ t portal ve in branch  divide s
s e condarily into tw o branch e s : th e  righ t ante rior portal
ve in fe e ding s e gm e nts  V and VIII and th e  righ t
pos te rior ve in fe e ding s e gm e nts  VI and VII (Type  1).
Any de viation from  th is  anatom y is  cons ide re d an
anatom ical variant.
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PORTAL VEINS VARIANTS:
Th e  m os t com m on variant is  th e  s o calle d “portal
ve in trifurcation” w h e re  th e  m ain portal ve in divide s
into th re e  branch e s : th e  le ft portal ve in, th e  righ t
ante rior portal ve in, and th e  righ t pos te rior portal ve in
(Type  2).14 Th e  s e cond m os t com m on variant is  a
righ t pos te rior portal ve in originating as  th e  firs t branch
of th e  portal ve in (Type  3).
Th e s e  tw o variants  account for th e  m ajority of portal
ve in variation (Tab. 1).

Type

Table  1: Portal Ve in Branch ing Patte rn

1

2

3

Description

COMMON

Normal branching pattern

Trifurcation

Right posterior PV as the first branch of main PV

UNCOMMON

4

5

6

Segment  VII  branch as separate branch of RPV

Segment  VI  branch as separate branch of RPV

Absence  of PV bifurcation

PV: Portal vein, RPV: Right portal vein

NORMAL H EPATIC VEINS ANATOMY:
Th e  h e patic ve ins  (ge ne rally th re e  in num be r) drain
th e  live r and e m pty into th e  infe rior ve na cava ne ar
th e  diaph ragm . Th e  righ t h e patic ve in drains  s e gm e nts
V and VII, th e  m iddle  h e patic ve in drains  s e gm e nts
IV, V, and VII and th e  le ft h e patic ve in branch  drains
s e gm e nts  II and III.15

H EPATIC VEINS VARIANTS:
Th e  m os t com m on and th e  m os t fre q ue nt h e patic
ve in variant w e re  one  or m ore . Th e  infe rior righ t
h e patic ve ins  (IRH V) clas s ifie d in (Tab. 2).

Type

Table  2: H e patic Ve in Variations

1

2

3

4

5

6

Hepatic vein variants

Segment VII branch as a branch of RHV

IRHV(one)

IRHV(two, same level)

IRHV(two, different level)

Tributary HV

LHV draining separately into IVC

HV: Hepatic vein, IRHV: Inferior right hepatic vein, IVC: Inferior
vana cava, LHV: Left hepatic vein
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45%  (n=45) patie nts  h ad h e patic ve in variation, 41%
(n=41) e xh ibite d portal ve in variants  w h ile  20%  (n=20)
h ad both  h e patic and portal variants  concom itantly.
Th e  graph ic pre s e ntation of pe rce ntage  of norm al
and variants  of h e patic and portal ve ins  is  s h ow n in
(Fig. 1):

Mate rial and M e th ods

Th is  is  a pros pe ctive  s tudy of 7 m onth s  from  May to
Nove m be r 2017, include d 100 patie nts  re fe rre d to
radiology de partm e nt for abdom inal CT s can on
routine   pre ope rative  trans plant w ork -up to radiology
de partm e nt of a trans plantation h os pital. Th e  s tudy
w as  approve d by e th ical com m itte e . Th e  patie nts  w ith
large  h e patic m as s e s , dis torte d intrah e patic portal
ve nous  anatom y and poor opacification of th e  ve s s e ls
w e re  e xclude d.

IMAGE ACQUISITION AND PROCESING:
Tri-ph as ic CT abdom e n w as  pe rform e d on GE Single -
s ource  Dual Ene rgy CT s canne r (Dis cove ry CT
750H D; GE H e alth care , M ilw auk e e , W I). 100m l of
non-ionic iodinate d contras t m ate rial (iodine  con-
ce ntration, 400 m g m l-1) w as  inje cte d at a rate  of 4
m l s -1. Scans  w e re  acq uire d in h e patic arte rial, portal
ve nous  and h e patic ve nous  ph as e  us ing a Sm art
Pre p Protocol w ith  e nh ance m e nt th re s h old s e t at 150
H U. Exam ination param e te rs  w e re  de te ctor cove rage
40 m m , 9 8.43 m m  s -1 table  s pe e d, 0.5 s  rotation tim e ,
pitch  and s pe e d of 0.9 84, 1.5 m m  s e ction th ick ne s s ,
5-m m  re cons truction inte rval, 120 k Vp and 200-360
m A (auto). Additional im age s  w e re  re cons tructe d w ith
1.25 m m  re cons truction inte rvals  for de taile d inte r-
pre tation.

IMAGE INTERPRETATION AND DATA COLLEC-
TION:
All CT im age s  w e re  analyz e d pos t-proce s s ing
te ch niq ue  including Maxim um  Inte ns ity proje ction
(MIP), m ultiplanar re cons truction (MPR) and volum e
re nde ring (VR). Th e  pre s e nce , type s  and num be rs
of variants  or anom alie s  of th e  h e patic and portal
ve ins  w e re  re corde d and e xclude d th e  infe rior righ t
h e patic ve ins  s m alle r th an 2 m m  diam e te r.

Re s ults

Th e  dis tribution fre q ue ncy s h ow e d 66 patie nts  out of
100 e xh ibite d at le as t one  abdom inal ve in variant.
Th e  patie nts  w ith  h e patic ve in variants  h ad conco-
m itantly s ignificantly h igh e r fre q ue ncy of portal ve in
variants  th an th os e  w ith  norm al h e patic ve ins . Th e

H EPATIC VEINS:
Th e  55 (55% ) of patie nts  h ad norm al H e patic ve ins
w h ile  45 (45% ) patie nts  h ad variants , w h ich  com pos e d
of th re e  m ain ve ins : Righ t, Le ft and M iddle  h e patic
ve in. Only 46.6%  (n=21) patie nts  h ad one  or m ore
IRH Vs  de fine d as  caudal H Vs  draining into IVC. Th e
(Tab. 3) e xplains  th e  fre q ue ncy dis tribution of H e patic
ve in dis tribution in s tudy population:

Type

Table  3: H e patic Ve in Variations

1

2

3

4

5

6

7

Hepatic vein variants

Normal branching pattern

Segment VII branch  as a separate branch of RPV

IRHV(one)

IRHV(two, same level)

IRHV(two, different level)

Tributary HV

LHV draining separately into IVC

HV: Hepatic vein, IRHV: Inferior right hepatic vein, IVC: Inferior
Vana Cava, LHV: Left hepatic vein

# %

55

15

21

2

1

6

1

55

33.3

46.6

4.4

2.2

13.3

2.2

In 37 patie nts  th e  m e an diam e te r m e as ure d w as
4.9  m m  and 08 patie nts  h ad 5m m  diam e te r w h ich
h as  s ignificant s urgical im plication. Only 06 (13.3% )
patie nts  out of 45 h ad e arly tributary H Vs .

Figure  2: Th e  fre q ue ncy dis tribution of H e patic ve in variants
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Figure  1: Th e  pe rce ntage  of norm al and variants  of H e patic and
Portal ve ins
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IRH V up to 86% . W e  de te cte d one  or m ore  tributary
H V in 13.3%  of our patie nts  and 25%  of th e m  w e re
s urgically s ignificant.
If a donor h as  large  tributary H V th an drains  into
M H V from  th e  adjace nt s e gm e nt (V or VIII) of th e
righ t lobe  can ch ange  th e  h e pate ctom y plane  or s ite
of anas tom os is  can incre as e  pos tope rative  com pli-
cations .16 As  th e  living re late d live r donor’s  h ave
incre as e d, it is  crucial for th e  s urge ons  and radiologis t
to k now  th e  accurate  de piction and de finition of th e
h e patic ve s s e ls  anatom y.17 A s urge on and radiologis t
m us t be  fam iliar w ith  both  com m on and rare  h e patic
and portal ve in variants  to avoid accide ntal injury to
any ve s s e l and catas troph ic s urgical com plications .18

Th e  variations  in portal anatom y als o m ay h ave  s ur-
gical im plications . Variations  in intrah e patic portal
anatom y h ave  be e n de s cribe d by Fras e r-H ill e t al.19

In a re tros pe ctive  analys is  of 18,550 s onograph ic
e xam ination of th e  live r, th e y found variation in th e
righ t and le ft m ain portal branch e s  for s e ve n (0.04% )
and (0.05% ) patie nts , re s pe ctive ly. Alth ough  th e
pre vale nce  of variation (41% ) w as  h igh  in our s tudy,
w e  found fe w e r type s  of variations , but w e  be lie ve
our figure s  re fle ct th e  pre vale nce  e valuate d on th in
axial s e ctions  and re form atte d im age s . Se ve ral s tudie s
in w h ich  MDCT w as  us e d s h ow e d m ore  fre q ue nt
portal ve in variants , ranging from  20%  to 24% .20

Th e  m os t com m on variant w e  obs e rve d in our s tudy
is  trifurcation of th e  portal ve in (58.5% ) as  in m ajority
of pre vious  s tudie s  s h ow e d th e  s am e  re s ult.21 Th e
19 .6%  cas e s  of our s tudy population h ad variations
in RPV branch ing patte rns . Th e  pre ope rative  aw are -
ne s s  of variants  RPV branch ing m ay be  be ne ficial in
righ t pos te rior s e gm e nt h arve s ting and in s e gm e ntal
re s e ction involving th e  righ t lobe . Th e  (Fig. 4) de m ons -

PORTAL VEINS:
Th e  Portal ve in variants  w e re  obs e rve d in 41 (41% )
patie nts  w h ile  59  (59 % ) patie nts  h ad  norm al or
clas s ic patte rn of th e  PVs  anatom y w h ich  com pris e s
of divis ion of Main PV at th e  h ilus  of live r into Righ t
PV and Le ft PV. Th e  Righ t PV furth e r divide s  into
ante rior and pos te rior trunk s . Th e  com m on variant
w e  obs e rve d w as  th e  trifurcation of th e  PV (Type  2)
found in 24 (58.5% ) patie nts . Th e  s e cond com m on
PV variant w as  righ t pos te rior PV as  a firs t branch  of
m ain PV (Type  3) w as  de te cte d in 08 (19 .5% ) patie nts .
W h ile  th e  branch  of s e gm e nt VII and VI as  a s e parate
branch  of RPV w as  s e e n in 4.8%  (n=2) and 14.6%
(n=6) re s pe ctive ly. Th e  fre q ue ncy of   PV variants  is
de s cribe d (Tab. 4).

Type

Table  4: Th e  Portal ve in variants

1

2

3

4

5

6

Description

Normal branching pattern

Trifurcation

Right posterior PV as the first branch of main PV

Segment  VII  branch as separate branch of RPV

Segment  VI  branch as separate branch of RPV

Absence  of PV bifurcation

PV: Portal vein, RPV: Right portal vein

# %

59

24

8

2

6

1

59

58.5

19.5

4.8

14.6

2.4

Th e  fre q ue ncy dis tribution of th e  portal ve in variants
is  e xplaine d in (Fig. 3):

Figure  3: Th e  fre q ue ncy dis tribution of Portal ve in variants

Dis cus s ion

In our s tudy, w e  found th e  H Vs  variants  in 45%  of
th e  cas e s  and th is  rate  is  q uite  s im ilar to oth e rs  th at
h ave  be e n in pre vious  s tudie s . Th e  rate  of infe rior
righ t H V variant is  about 53.2% , it s e e m s  to be  th e
m os t com m on variant and 13%  of th e m  w e re  s urgically
s ignificant. Diffe re nt s tudie s  w ith  diffe re nt m e th ods
of inve s tigation h ave  re porte d th e  pre vale nce  rate  of

Figure  4: An axial obliq ue  m axim um  inte ns ity proje ction (MIP)
CT im age  s h ow s  Righ t Portal Ve in trifurcation arrow  is

de m ons trate d.
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Conflict of Inte re s t: Nonetrate s  th e  trifurcation of portal ve in w h ile  (Fig. 5)
s h ow s  th e  3D im age  of th e  trifurcation.

Figure  5: 3D re cons tructe d im age  s h ow s  Righ t Portal Ve in
trifurcation

W ith  re s pe ct to link age  be tw e e n cate gorie s  of variants ,
w e  found a corre lation be tw e e n PV and h e patic ve in
variants . Th e  patie nts  w ith  H V variants  h ad a s igni-
ficantly h igh e r fre q ue ncy of PV variants  th an th os e
w ith  norm al H V anatom y (P<0.002). Th is  re lations h ip
is  als o be e n re porte d pre vious ly. In th is  w ay, w ith
MDCT de te ction and ch aracte riz ation of m inor ve nous
variants  and anom alie s  is  pos s ible  pre ope rative ly
w ith  ve ry h igh  s e ns itivity and accuracy.
Th e  ide ntification of vas cular anatom y of h e patic and
portal ve in is  pivotal in navigating th e  anatom ical
de line ating live r s e gm e nts . Th e  living righ t lobe  trans -
plantation re q uire s  th e  re m oval of righ t lobe  and th is
s h ould not com prom is e  th e  blood s upply and m e ta-
bolic functioning of re s t of th e  le ft lobe . H e nce , th e
portal ve in variants  occur in 20-35%  of population.22

Th us , th e  pre ope rative  pre cis ion of live r blood ve s s e ls
be com e s  m andatory for patie nt s e le ction and s urge ry.
It provide s  th e  vas cular road m ap for s urgical planning.

Conclus ion

Th e  abe rrant portal ve ins  in 66%  patie nts  indicate
vulne rability to inadve rte nt com plications  during
s urge ry and radiological inte rve ntions . Th is  e m ph a-
s iz e s  for dilige nce  CT re porting by radiologis ts  to
re duce  injury and com plications  in live r proce dure s
and trans plant.
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