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Anatomy of Intrahepatic Portal Branches
Visualized by Three-dimensional Imaging
Analysis of CT Arterinal Portography

Wunan Jin, Kohi Miura, Norio Nakao,
Atsushi Yoshimoto, and Hitoshi Horie

The purpose of this study was to clarify variations in
intrahepatic portal branches by means of CT imaging pro-
cedures.

The subjects were 73 patients, 59 men and 14 women, who
ranged in age from 41 to 76 years, with a mean of 63 years.

The procedures were as follows. The entire liver was
scanned using helical CT during the portal and hepatic venous
phases, and 3D images of the portal vein were reconstructed
with the volume-rendering technique and the region-grow-
ing method. The CT unit was a HITACHI W2000, and the
imaging analyzer a Sun Ultra 1.

We found that the branching patterns of both the anterior
(P5 and P8)and posterior segmental branches (P6 and P7)
of the right lobe of the liver could be classified into four types.
The caudate branch (P1) and left lateral segmental branches
(P2 and P3) were classified into three types, and the inte-
rior segmental branch of the left lobe (P4) was classified into
two types. The frequency of each pattern was also revealed.
These branching types and their frequencies were generally
the same as those described in previous reports.

Thus, the portal anatomy visualized by these methods
indicates that they could be very useful for preoperative
examinations or IVR.

Research Code No.: 514.1

Key words: Intrahepatic portal vein, Portal vein anatomy,
3D-CT
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Table 1 Number of segmental portal branches in
caudate lobe (S1) (n = 63)

I D PR — AR IR PR G SECT D =R TC MG X 2 T —

Table 2 Branching sites of segmental portal branches of caudate

lobe classified by three subsegments (n = 63)

Segmental branch Cases %
1 1 1.6
2 3 48
3 21 33.3
4 27 42.9
5 9 14.3
6 2 3.2

Mean: 3.7 branches/case

Subsegment

Branching site

rt. trunk main pv It. trunk
Spiegel lobe 10 (11.8%) 34 (40.0%) 41 (48.2%)
Caudate process portion 52 (70.3%) 13 (17.6%) 9 (12.2%)

Paracaval portion

55 (56.1%) 14 (14.3%) 29 (29.6%)

Table 3 Number of segmental common branches in caudate lobe

Branching site
Distributing area
rt. trunk main pv It. trunk total
S+CCP 4 3 4 11 (68.8%)
CPP + PCP 2 2 (12.5%)
S+PP +PCP 2 1 3(18.8%)

S: spiegel lobe, CPP: caudate process portion, PCP: paracaval portion

TEEAGHLER Y 7 F % s,
Il EFEREHE

PIIR3DZI I EEBHAR X D 370megl/mlDEFH] (£ 43
10370, HAYZ—1) ¥ 78) % 2ml/FC30mliEA L,
FEARIGI2~1580 L 0, F - FEIR3DIZIZE Lk 2
2m/BT40mIEA L, FEARIGI0~45H LY, BoBD
ERFE AT HIVA R v 2T L D R L TRE R L
7z,

INl. BFAIPIAR, BSARSDEMEDIER A%

DRI AT A AE Smm, T — 7 VEH Smm/H, WL
HERCREIRE 2mm €, ok L7zaxialfZ % D 212, PIIR & IFiiR
& %region growing{E'S Tt L7z, it L7 FIAR3DIE & BF
FHIR3DIZ & DA (fusion) [i{&1x, HIL A7+ 2 & ILFEIBAFE
HRO=ZRITERILE Y 7 & TR L7z, 7B L 723D
GEAFLAMTHEL:. ZOBAFLAHOAREILI0
FETH 5 (Fig. 1). %72, GEOHEMHAINSES HPT7, P8
DERZEIE, I Y BRI 9 3D g, —
¥, RBENZUEE APS, Pe-CIEM X 1 SEMIFHEIZNH T
53DE{% % BOBOBINER L TEZ L.

IV. BFAPIRRS O A58 A&

ZIX D EF L Covinaud D47HE |25t - 7243, RIRBEED TR
XA BUIATLOHE % Fv iz, FIIRIXISE PR & FEsE
IREDEREDLEGEEIVEZELL. Thbb, PIFEIRkE
WEEHEELETFEAITFEOBRE L, FAETIRAFH
IR & 0 A FIRASEE F TORND 1BV TV B T % B BUES & %
XIBEDOBER, AR TIRIENFBIRO EEIEIFET L8
BT CIRIMAIX IR &AMk L DR L EHK Lz T4b
B, EFFEIROFH &k E 12 & > TS2, 83, S403 X
Bl ons, SSICHRKBOBRIIAETIIA, %X
WHoABERERICL, FORGB L) EBHEISEERT
9 5 FINRE: % 12 X80 (P7) & R (Pe) i L, R
V249 B PIRRAR % A T X 38iAk (P5) & 75 F X ik (P6) & L
7o, KEXETITEFIROBER & IR & 2 8 RICaTyMiIlX
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ke (P3) & S MIlX 8L (P2), PN IS (P4) 2 [FE L
7o, TKREIR O ITIZ 25 L IF92 40 (Spiegel 3E) & P
MiRAER B & UFIIRAGHE & T KR & oM (25R248) B X O°F
FHIRER 25347 9 B PIIRA: % RRAREE O PIIRAE (P1) & L 72,
V. #&E1EE

AR DGBUHE, EADOMIROARZOFERN, &KX
R O3 H Bk = AR R AT L7z,

Bw R

l. ZEAPIRAREED 75 IktEK

FAIR 1 R0 puEiE, AR EEE O 5 12 X
DEToIE 3 RIzARI &7,
1. Type 1(2 4ri5Y)

FURA AT/ D FAUZ 2 3§ 5 FEARE CTHE X I
SR B T 5. 596I80.8% 12 A 5 Tz,

2. Type 2(3 s %)

FIRAER A AL, AER, HREBHO 3 RICFEED
I 5 56T 8 F11.0% TH o 7.

3. Type 3 (GRAXIEHH )

FIlRAERD 5 F FHEBREIESFIE L, R TEADE
B4 282, C 6 Bl18.2% Tl - 7.

Il BXAPIARRE O 7 A
1. PIIREIRIERL D 57 A% K (Fig. 2, 3)

BARZE (S1) iZSpiegelZEB & UZ#EEF, T AEIRIED 3 #
Rigiokplens, o3 BRI 2 BIREO MR
BOGBEL, ehfsX 2 BT L 7oA 2R % Table 1 ~3127R 7.

Table HIFIIRBIRIER DG4 E L £ & 72 O TREHIE
DRRIEFOBREIE 1~6 KT, 1 EFIL Y374 TH
<7z,

Table 213Spiegel 3, ZEEEER, T AFHIREBIZ A6 5 MR
BoGEREE £ L7 bDTH S, Spiegel I IZMIIRAE
1 ROFD S 3T 5 b Dh482% LIk d %<, FlIRE 1K
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Fig. 1 Stereographic
ocbservation of three-
dimensional CT im-
ages of intrahepatic
venous and portal
branches.

Hepatic segments
and segmental portal
branches were clearly
analyzed by this
method. Blue: hepatic
vein, Pink: portal vain,

f \
e =, | Fig. 2  Most common type of subsegmental branching
| of the caudate partal vein(P1}.
1 A: From the right portal stem towards the caudate pro-
cess porlion (70.3%).
A B C

B: From the right portal stem towards the paracaval par-
tion (56.1%€).

C: From the left portal stem towards the Spiegel lobe
(4B.2%)

Fig. 3 Subsegmental
portal branches of the cau-
date loba (51). _
Small branches (arrows)
ramify directly from the
right and left portal trunk
towards the three sub-
sagmental lobes.

Az 30-CT viewed from the
cranial side,

B: 30-CT viewed from the
caudal side.

Yellow: paracaval branch
Green: caudate process
branch

Red: Spiegel lobe branch
Pink: portal vein

Blua: hepatic vein

G MRS, ST ALO L R Y S LE82% TH - 2. [IBRHT I O B (Fig. 4~6)

fz, SSREICIIPIRGE ST S 0003 % LS P8 £P5 & O £ Table 445 L UPTable 5127°T.

<, MIRAHE & MBRARER & M B b O 2 £5 L87.9% Tablc4'"I"'1‘-1'11"1:-'}[“Jlif:IZ'.Ef“J".-,'i“.-‘rI#'lt’i' 27z b DT, PEOM
Th-ofz, TRBREIZEMRGE L ) OG5 dF < BREEIE | FEMINA D 1~6 4, P24k T, 298L 35
56.1% T o, 5 1 eribt EEEMREI%N TH o o,

£7:, MEFO S HI6WT 2 L bz (EkE A {5 PSR i EEIE 4 D Onypel RIS A, Thb

%l % R LT v/ (Table 3). 0 ;} s I, B PRACEH T &IPS 2 Sl B ks uype
Spiegel ¥ L ZERERIZ AT & 3Ll WS 164, 11 A, BEIEE & FFIELS 2 S S i T A I m,u'»
£68.8% Tdh oz, Bl Type A", W EEEEANZIZE AT 3 S

FREIISE 1L A25H 33
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Fig. 4 Variations in branching of P8
and P7.

P8-type A: Bifurcated type (52.1%).
P8-type A’: Bifurcated with acces-
sory branch before bifurcation
(26.1%).

P8-type B: Trifurcated or more at
the same portion (15.1%).
P8-type C: Several branches from

a stem-like tree (6.8%).

P7-type A, type A', type B and type

C are the same branching types as
P8, with frequencies of 46.6%g, 17.8
%, 19.2% and 16.4%, respectively.

Fig. 5 Variations in branching of P5
and PB.

P5-type A: One large branch from
the right anterior stem (21.9%).
P5-type E: More than two branches
from the right anterior stem (42.3%).
P5-type C: One branch from the
right anterior stem and another from
P8(16.4%).

P5-type D: All branches from P8
(19.2%).

P6-type A: One iarge branch from
the right posterior stem (39.7%).
P6-type B: More than two branches
from the right posterior stem
(36.9%).

P6-type C: One branch from the
right posterior stem and another

from P7(19.2%).
P6-type D: One large branch from
the right main stem (4.1%).

I3 % 2 43l AkaN % type B, BHECIRIC 1 RORGEH & EH
(AR DM FIREE 2 NER 53 5 5 8% 1 4Hkstype C
&£ L7:(Fig. 4). TOHEITHE-> THRETT 5 &, type Al338
#152.1%, type A*i1319%126.1%, type BIZ11%115.1%, type
Cid5%16.8% Tdh o7z (Table 5). ZDIid, P8IZidtype A*
DOAFIBEDIZ A Ztype BIZ b I % 53 5 b DA 8 §E
$110.9% 1A b, PF&T27HERI37.0% I ABIEATERE L
7=

PSOMIREE L 1 EFIYS/2 ) 1~4 K, FHIEKT, 2K
DA 2EBNT1.2% 12 H STz, PSOSFIERER L, #i
DRAER L ) 1 ROFTTFRIROARE % 5k Stype A,
ATCIRE & 0 MR 2 ~FAR A5 Btype B, B T Xk
PSR IBAARER & A BRI & Y M Btype C, B FIXIS
B D$ T ORAH LRI & D 53053 S type DI 4 4538
S (Fig.5), type AlX16f121.9%, type Bix31f142.3%,
type Cl3126116.4%, type DiZ144119.2% T& - 7= (Table
5).
3. MR X I8 D 7 IsA% R (Fig. 4~6)

P7 L P6 & D57lAR % Table 48 X U'Table SIZ7R$. PTD
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FIRRBEIE 1 IEFIS 720 1~5 &K, FH24KT, 258 L 34
k& i b E50EH168.5% CTdH o7z (Table 4). F 7=,
PTIIP8 & RO FUIER 2R L, PIAKA TEHEAM L
Bl &1 2 505 Btype A, KA THEAM & EIME &2 2 5
I3 % 4%, &0l CTRAIE: % 5k 3 Atype A°, P72
(2R —EBAE TL AT Btype B, WHUkD 1 KoFER %
AT type CIZ 4 0¥ S 72 (Fig. 4). type AD e b % < 344
46.6%, type A'lL134117.8%, type B131445119.2%, type C
13126116.4% Tdh - 7= (Table 5). ZDiTH, PSOMMHIFL L
Bk, PTOHRMEEN L Y 43k L, SEREEI S AT 5 I
FAT224129.7% 12 A H 7z,

P6Id 1 FEGIM /=D 1~5 &K, F¥E2. KT, 2 5HHIHRD
% {31EDI42.5% TH o 7= (Table 4). F 72, POIIHEK I
L0 1 KOBTREOR®E b Otype A, HBX B A
5B & 0 RN TR 2~ BA A5 Stype B, 1%
TRIBED R AR B L U EXKIEHE X ) 503 type
C, MIIRGHATRL D | K BT Srype DO 4 B H5HH &
L(Fig. 5), type AlX294039.7%, type BiZ27#136.9%, type
Ci3144119.2%, type DIk 3 4.1% Cdb o 7z (Table 5).

HARERSE §59% #5135
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Fig. & Most commaon
branching types of P8,
P7. P5 and P& shown
by 3D-CT images.
A: PB-type Alyellow),
cranial view

B: P7-type Alyellow),
cranial view

C: PS-type Alysliow),

caudal view
D: Po-type Alyellow),
caudal view
4. PIBRZEFAL D A (Fig. 7~8) SEEI(Fig. 7), type Ald76.6%, type BIX20.3%, typeC
MRRSES 2 S i3 1o 4 DAL I RUAN JF s 12 R o 133.1% T =7 (Table 7).
fFLAMEERE 22TV 2, PAOFIRKEIE 1~3 4, TH18KT, 03I b 2 s
P2OFBREIS 1 2 T, 1 ROLOAS51H179.7% TH > 30(746.9% T - /= (Table 6). EOFMRERIE, 1 ADE
7= (Table 6). Bz = A ORI S Biype A, | FOEHED A Diype B,

PRI AL | RS Dype A, 2 BFEREAO

type B, ZEMIRESR L P2, PISTEIBRIZHE+ Siype CIZ 3

¥ Tl | 1l I ¥pe Table 5 Frequency of branching types of segmantal portal
[branchies i dpht labetn = Tv)

| Branching type P8 P7
Table 4 Number of portal branches in rgn: |¢|:;1? n=73) _ Type A ag (52.1%) 24 (46.8%¢) :
Segmental branch P8 P7 P5 P& Type A° 18 (26.1%) 13 (17.8%) ;
i i : ’ I
1 5(68%) 12(164%) 7(96%) 20 (27.4%) s 1;}‘:;?’ :::23:‘? :
2 38 (52.1%) 34(46.6%) 52(71.2%) 31 (425%) S L I ol uLiia (o L
3 25 (34.2%3) 16 (21.9%) 12016.4%) 17 (23.3%) Branching type P5 P& [
4 3.: 4.1%: 1{}513.?245:' 2({ 2.7%) 3 4'1% Tyoe A 16 (21.9%) 29 (39.7%) !
5 11 1_@5_. 1{ 1.4%) 2{ 2.8%) Type B 31 (42.3%) 27 (36.9%) [
g 1( 1.4%) _ Type C 12 (16.4%) 14 (19.2%)
Mean/case 2.4 24 21 2.1 Type D 14 (19.2%4) 3{ 4.1%)

FHE1I4E 11 A 25H 35
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‘ Type A Type B Type C

Fig. ¥ Variations in branching types of left portal veins
(P2, P3, P4)

P2-type A: One large branch from the left main stem
(T6.6%4).

|
% I
P3 %\ |
P2-type B: Bifurcated type (20.3%).

Type A Type B P2-type C: One large branch from the umbilical portion

| (3.134).
I P3-type A: One large and several small branches from
Py the umbilical portion (48.4%4).
P3-type B: One large branch like-tree (34.4%).
P3-type C: Several small branches (17.2%5),

Pd-type A: Cranial and caudal branches branching sepa-
rately from the umbllical portion (82.8%4),
| Pd-type B: One large stem (17.2%)

Fig. 8 Most commaon branching types of P2, P3 and
P4 viewed from the cranial side.

A P2-typa Alyeliow)

B: P3-type Alyellow)

C: P4-type Alyallow)

36 H4EfSiE Mso® W3S




Table 6 Number of segmental portal branches in left lobe (n = 64)
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Table 7 Frequency of branching types of segmental portal

branches in left lobe (n = 64)

Segmental branch P2 P3 P4
Branching type P2 P3 P4
1 51(79.7%) 22(34.4%) 4 ( 6.3%) Lol .
2 13 (20.3%) 30 (46.9%) 15 (23.4%) Type A 49 (76.6%) 31 (48.4%) 53 (82.8%)
3 12 (18.8%) 25 (39.1%) Type B 13 (20.3%) 22(34.4%) 11(17.2%)
4 10 (15.6%) Type C 2(31%) 11(17.2%) —
5 3( 4.7%)
6 7 (10.9%)
Mean/case 1.2 1.8 3.2

Table 8 Comparison of branching sites of segmental portal branches in caudate lobe

(reported cases)

Branching site
Subsegment
rt. trunk main pv It. trunk
Spiegel lobe Couinaud 32 ( 9.4%) 72 (21.2%) 236 (69.0%)
Kumon 3(13.0%) 6 (26.1%) 14 (60.8%)
Our cases 10 (11.8%) 34 (40.0%) 41 (48.2%)
CPP Couinaud 57 (90.4%) 5( 7.9%) 1( 1.6%)
Kumon 14 (73.6%) 5 (26.4%)
Our cases 52 (70.3%) 13 (17.6%) 9 (12.2%)
PCP Couinaud 46 (56.0%) 24 (29.3%) 12 (14.6%)
Kumon 5 (26.4%) 14 (73.6%)
Our cases 55 (56.1%) 14 (14.3%) 29 (29.6%)

Couinaud: corrosion liver cast (n=110)
Kumon: corrosion liver cast (n = 23)
Our cases: 3D-CT (n = 64)

CPP: caudate process portion

PCP: paracaval portion

B D & D4R type CIZ 3 578 & ML (Fig. 7), type Al
48.4%, type Bi£34.4%, type CiZ17.2% T& - 72 (Table
7).

PADMRAE I 1 EFIMS 20 1~6 &K, FH3.2KT, [EE
DRES & 0 safl), BB L OB AET 5. ZOP4d Mk
SR, TERIB L ORI SRR £ » BRI
Htype A & SHMI & RO MRS 1| R ddig % a3 5
type BE D 2 DIZHEE N, type Ald82.8%, type BIZ17.2
% TdHo7z(Table 7). ZDIEHNIZ, PAOBIRIZHYT 2 b
D& L TPBRBESS & D P4As5MEE 3 5 A C SR 5 )12 5k
T4 A HEA24HB137.5% 124 57z,

z =

I. CTAP-3DE{§ME Ak

PR 53 It 0 i) 2 B9 2 AR LA T C USSR B AR 12
LB CICHE s h, T/, AR CIIERERT
O PIREL O RCTE TSI L 2T ST b
A%, CTAP-3DETOFEMAMENI . ZOFHNMIR* B
57T B2 L DERRMERIIKE {, ARTIIERIIS
FHEMRA 2 B L, 2 OEBOFEEEDRT 554K
HRE X IR B OB & 23108 L, £ Ot R RBGEs ek D
HHURRICH LRIFCH D L LAY, T2, FHEIC
313 B TAEDWBIES <2 JFHE |23 5 PR ZEH2 12 BV THE,
PR GHEORIEOERIIS S ICHT 0L BEbh s, il
BARIZBIT 5 MRS & AFRIFIC BT 5 FRIE & OF#EI,

SERE 1146 11 H25H

WHF T K EEICBWTEETAZ EIZL ) &40
FCONARRAE & 1358 > TRHET 2 72%, AEORHIXIR
CBEREOBEREE o2 oA LEZ LI, BEY, ¥T
Y & 4 RO FUE 2 RT3, BEREIFMIREE T,
XHERAGTHIZIMEOER ) A3 5 & MUEEFT OR300
AL ORENEEL < ABZ LiCmA, PRSI CRE
BAMDPSBET AL ENATRER S LA L, ViREgEz
RETHOIIZRRED D 5.

BEUEE VD Z & TILE OME B R ICBEE T 5 2
EHTRRTEAS, ML LS b Y, RIS
2352 LIXWREETH B2, T, EEORBIBIECT
& T EAPIRGEERHE COLES 1 K8, i, M
WRAER A BB XA 5 2 L i3 LV, Shiok LEEE S
DH7zCTAP-3DI&IE, IREE/RREICEN T WA Z & iThn
AT, BOoNEENZRICHEE TH S 7204 Fh b h
BENES T, REETORE RO THRAMEI T .

. FIAR 1 R+ D5 BA%zC

B TRRE L 72 Z 11 69 O FF PR IR AT B AR, <_E (]
CTAP-3DfEDMER L T 5 L, type 1(2 ),
type 2(3 ZIEAER) OHBIEE IZIZIZES Th o 72, FILSY
13, AHRRIBEOFRARD S O3 & A FIRD - QA
X 480t D 53l % Bl 4 D4 IAR & LT B A5, BRI
PANRASEE A & 43053 & FEF] T L al DB (2 250 12 PR
LIEREERTAZ LIRS, EBELIIINLEH
Ul e LThET L7z, £72, Couinaud® 13# 2 ER &
LT, EAGRERE OSREZ L, ZOHEIL
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Table 9 Comparison of branching types of segmental portal branches in right

lobe (reported cases)

Couinaud!ZPIRIEF & L ATVS L DA40.6
%, KT OOBENCTIEPMAIZRT 5T 5

Branching type Couinaud Hirai Our cases BIRT EHE332%, SEHIGBIRT FRU81212%
ES i 20.0% 7% LLTUBY, TALERVWFRLEE SOV
i 505 6.6% S HBBICHY T 2 b DL ER bID. B
P5 type A+ B 47.3% 49.0% 64.2% W CTEIET Ao MBSV & LT
i 8273 25.0% [k &, BT RS BRI AR C & ok
o E$A+N p2 55 26.0% éﬁﬁ AR 2R, EEWETIREND S0
type B 34.3% 19.2% BRI THELZENFELTVWE DL
type C 43.2%5 . 1 6.4? Ezohs, flEXKEHEICOWTEE S I3

Fo g e o ot BH, WA, PG s LR,
type C 8.0% 19.0% Couinaud (3R EAZ, HMUE:, BeFi& gL
type D 3.0% 4.1% TWwhb, ZHUIFEHAFCFER L 72858 & A4k

Couinaud: corrosion liver cast (n=110)
Hirai: ultrasonography (n = 100)
Our cases: 3D-CT (n=73)

0.9%& LTWAA, FIUSDBERIZE ZBFTIIHES
nTwiwn, §355 b MIRGARBEZROMES % %58 L T
Wi,

. EIHPIARAL D 7 Ik =

1. RWIER O 5 Ak

Table 8 {&, RAREDPINRF AR % FRIEAR L b & (ZHF
7% L7zCouinaud®, AV ORGH L EH SO E & L
2bDThAH. BIREMIRED 1 ER L7 ) OFAREIZ
Couinaudi33.274, AII43KTEE L D374 L IZIZAE%
DR TH o7z, BIRIED 3 FEIHI 54T 5 PR D45
EERAZ OFRFS T, SpiegeldE, ZEREHENIZAA T 5 MIRD S
I ERAL X, Couinaud, A EEEF S & DOMIZIZITE A LE
PO LN h iz, 72, Couinaud|d FAHHIRLE % Bk
ICEFEL TR, FHEMXEE LTwaEg* TR
MREBE A Ze§ &, FREIREBICIE, ATTIMIRE | k54
PHAIET B S OWT3.6% THLDIZH L, Couinaud”, 4t
BORAE 1 KO, LRIET B D%, BOBD56.0
%, 56.1%TH5H. ZIUINLOMETIX19ER] & FEFIEA
Lz TiE Rt Bbhs, F-HEHTcTO Y
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