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Abstract

Key words

Background and Aims: There are many anatomical variations of the arteries supplying the liver. Currently, the
anatomical classification methods of the liver arteries are mainly Michels’ classification and Hiatt’s classification.
However, new types of anatomical variations have continually been discovered. So, previous classification
systems cannot meet the clinical needs. This study was conducted to analyze the anatomical variations of the liver
supplying arteries by imaging observation, so as to create an accurate classification method and provide precise
scientific information for clinical work.

Methods: The imaging data of patients undergoing biphasic contrast-enhanced scanning of abdominal multi-slice
spiral CT from January 2019 to March 2019 were reviewed. The patterns of the arteries supplying the liver were
observed, the relevant data were recorded and categorical analysis was performed.

Results: The CT imaging data of 1 520 patients were selected, including 967 males and 553 females. Of the
patients, 1 504 cases (98.95%) met Michels’ classification, and 16 cases (10.53%o0) did not meet Michels’
classification; 1 507 cases (99.14%) met Hiatt’s classification, and 13 cases (8.55%o) did not meet Hiatt’s
classification. By analyzing the anatomical variations of the arteries supplying the liver from the aspects of the
origin of the common hepatic artery (CHA), the origin of the accessory left hepatic artery (ALHA) and the types
of the arteries supplying the liver, the authors proposed the seven-type classification (according to the origin of
the CHA) and five-type classification (according to the anatomical variation of the left and right liver supplying
arteries and the combination of different variations) for classifying the anatomical types of the arteries supplying
the liver. In the seven-type classification, 1 471 cases (96.78%) were classified as type I, 25 cases (1.64%) were
type 11, 7 cases (0.46%) were type 111, S cases (0.33%) were type IV, 4 cases (0.26%) were type V, 4 cases (0.26%)
were type VI, and 4 cases (0.26%) were type VIL In the five-type classification, 1 381 cases (90.86%) were
classified as type I, 87 cases (5.72%) were type 11, 38 cases (2.50%) were type 111, 10 cases (0.66%) were type IV,
and 4 cases (0.26%) were type V.

Conclusion: The new classification methods proposed in this study cover all possible anatomical variations,
which simplify the complex situation of taking simultaneously into account the CHA and the hepatic supplying
arteries for classification in previous studies. The frameworks of the classifications are clear, consistent with the
anatomical reality and clinical cognition, and they can provide theoretical basis and guidance for clinical work.
Hepatic Artery; Anatomic Variation; Tomography, Spiral Computed
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Z MR Bk ( common hepatic artery,
CHA) A ET (celiac axis, CA) , KihEH
+ =38 W Bh ik (gastroduodenal artery, GDA )
Ja sELE N RFE A S K ( proper hepatic artery,
PHA) , #rZEfF3 ik (left hepatic artery,
LHA) 54 ah ik (right hepatic artery,
RHA) ; (HEELAF S ki . 7332, BH . 7
WA, TR 38 mUIER . A AR
=N = B F 0 = N1 S 1 21 I S NS B
LA 458 1 IF L AR i HE I S bk 04 52 B A 5 B0 A
e PR BN, AR TR TFARTIR  EET
AR Z2ZEHECTI A AR (multi-slice CT
angiography, MSCTA) HARMNH, RHMEFEA
ARBTTEIR T A 0 A AR A T AT AR AR e
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ZZMHECT ( multi-slice CT, MSCT ) WZCHA
AEUE A2 A AR i Bl Kok R, X I R AR 0 3l Bk 2R
GEUEAT R H 22 B DO R I PR S BRIt 5 5%

1 ABSFE

1.1 NigE#rd

[\ Jos 4 4 H120194E1 H 1 H—20194F3 A4 31H
Hh R R IRE R B 2 2 IR e CTHL (644 L
ARG ) AT I A CT i 4 2 2 P 1) 1Y 52 1R
kb, ARRE: (1) 18~85%; (2) TEHFA
S (3) AT AR A A, IR HEAT 28
(multi—planar reformation, MPR) ; (4) E1{& &
i, TSIk BRI (5) T IR 8 3k e
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2. shlkoE . shbk P ZE . shkER B E L B ke
FEGFB; (6) AA. CA. AR LSk (superior
mesenteric artery, SMA ) F+ K H FH 437
JC T BT Bl Bk 32 1 a0 e UL A ik 72
1.2 HARFE
.21 @A AR BA/NHANG R 4 RHE
BeBEi . 2 BB Em L 1 A ARR L,
NN BV IITE 1 2 B ISR EARE IR A 1 4 A
20 4% 4F TR B 22 6 1) S R B A B 0 ) 2 ]
fg ' N HEATE SR, a2 4RSI E AT
Ja . PR B JF 90 S LA A N O, s A BE
B, hds 2 AT AN . A AR BB A iR
%) fidk 751 155 0 B VR o3 A REME R, fh 6 24 T8 N D 3t
[ B8] 7 1 1R E o
1.2.2 MET F A AREREAEBE N Y
AR AGEE RE Bk, FEITEN: fECT
B ok 0 9 2 Al 5 R A 058 B 4% S Ik
EAT, AL 2RI E A, KRB ELGY . A
P 2 M i sl = KRS A B ER WSS . W
SENAALEG: AA ST, CA 5 SMA MR, 432,
AT, A, KH AA B SO BT sk . itk
Gt Bk S bk a2 OO, 5B Y R PR B
JE BT B BT 3 ik o B AT HE BT
1.3 5E#FsIKEXHEMLE

FFF+ (hepatosplenic trunk, HSpT) .
H M+ (gastrosplenic trunk, GSpT) . FFE T
( hepatogastric trunk, HGT) "'. H & H CHA .
Malk (SA) FIE Z£8 ik (left gastric artery,
LGA) H2xxmysikT. WETHREET
( celiacomesenteric trunk, CMT) . ATEG R -

+ (hepatosplenomesenteric trunk, HSpMT) 1791,

R # NCASSMASL T, J/F&E NGCSpTHISMAZL
T ANk (replaced right hepatic artery,
RRHA ) . AL sh ik (replaced left hepatic
artery, RLHA ) "', Hit/b i CHA K& 4y 3 % H i)
LHA . RHAMF, iy H A8 e 4 3 bk & 1 00 7
LR h k. BIAIFS K (accessory right hepatic
artery, ARHA ) . Bl AW 3h Ik (accessory left
hepatic artery, ALHA) " CHANHAS T &5 H
LHA . RHA, [ )7 76 B0 iy A R0 P 3l ik 4
e A . ARSIk
1.4 EFREFEAKS B

19664F Michels" 4t 11200 5 /7 (4 fig #5 &L
A T 3 A AIF 5 AT 20 TR 9 K 4y S DL, B
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THEF Sk Michelss3 A, 104407, 17 . PHA
S RHA . FHFEh K (middle hepatic artery,
MHA ) XLHA, 555%; 115 . RLHAE VR T
LGA, 510%; I11%. RRHA#K [ SMA, £10%;
IVAI. RRHAE ASMA+RLHAREJH FLGA, &
1%; VI ALHAREE FLGA, [f10%; VIAL:
ARHAEJETFSMA, 57%; VIIA. ARHARJH
TSMA+ALHAREIE FLGA, [H1%; VIITH .
RRHA+ALHAB{ARHA+RLHA, 52%; IXH.
CHARIE FSMA, 52.5%; X& . CHARE T
LGA, 50.5%,

19944E Hiatt 2201 0004 T I #% 4 T AR &
TORBEFEXT G, Giit o i 1A B bk Y A ) R AR
S, EHHiatg R, dtef, 18, FE%,
575.7%; 118 RLHASALHAWE HLGA, 5
9.7%; I1%!. RRHAB{ARHAJR HSMA, 510.6%;
IVAS: RRHAB{ARHA (& HSMA ) +RLHAB{ALHA
(XHLGA) , 2.3%; VAl. CHAKR ASMA, &
1.5%; VIZL: CHAEHAA, 50.2%.
1.5 ZitF4arE

R A5 95 151 L 558 2 T A 245 SR | S B i, Hi2 4%
B PME SR AEXCELE A%, 5 = NIE X,
B s AR . N HSPSS 23. 08 F kT 4eit .

2 & R

21 —|/EN

HB 1 73881, £FE WA bR AE WL
1 5200, HFEAFER18~85%, HhHo67l
(63.6% ) , %5530 (36.4% ) .

1 5200 £5 & Michels 2y BIFRHERY 1 50414
(98.95% ) , fuf&. 171 2944 (85.13% ) ;
ITHRI3841 (2.50% ) 5 1118664 (4.34% ) ;
IVAELAH] (0.26% ) 5 VEI6SH] (4.28% ) ;
VIF 76 (0.46% ) ; VIIFLOH] (0.00% ) ;
VIIIRL74] (0.46% ) ; IXAI234) (1.51% ) ; XA
0 (0.00% ) o AFFA Michelssy AR fE 19165
(10.53%0) (F£1) .

1 52000 75 & Hiatt 2 B b
1507 (99.14% ) , fFu4G. 171 2940 (85.13% ) ;
1171036 (6.78% ) ; 1I17AI734%] (4.80% ) ;
IVEILLB] (0.72% ) 3 VE23%] (1.51% ) ;
VI#I3H] (0.20 %) o ANFFG Hiattsr B 45 fE Y
136 (8.55%0) (#2) .
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F 1 AWEF Michels FEGRERBEHIER [n (%) ]
Table 1 Anatomical conditions not included in the Michels’

classification criteria in this study [n (%o)]

fiftl g BE
CHA 2 AA 3(1.97)
RRHA # H AA 1 (0.66)
RRHA #2 [ SA 1 (0.66)
ARHA #2H CA 2(1.32)
CHA £ H SMA+ALHA 2 LGA 2(1.32)
ARHA 2§ GDA+ALHA ;& [ LGA 1 (0.66)
CHA 2 [§ HSpT +RRHA #2 [ SMA 1(0.66)
CHA i [ HSpT 3(1.97)
CHA # 4 AA+ALHA & H LGA 1(0.66)
CHA i H HSpMT 1 (0.66)
et 16 (10.53)

F 2 AWHRFP Hiatt SEGRERBEEHIER [n (%) ]
Table 2 Anatomical conditions not included in the Hiatt’s

classification criteria in this study [n (%o)]

2.2 HBTEhRKkfRE B

38 L o A A 5T BT L EE 1 G AL I B kY A
Fifs ol , 456 SCHk 2 E R A WF 58 b o ik # Michels
33 Hiatesr BUARHE 47 23 B A9 191, A o A
CHARE . ALHARJE . AL 20 ik 28 89 34> J7 1 XF
B 20 Ik fige E AT 53 A S o Y
2.21 CHA&RR ARWF5H CHA B TRI(E1-2 ),
IR, gAY, R CAE T AA, CHA. SA. LGA
¥I% A CA; 11#L: CHA & SMA, SA, LGA &
F GSpT; I %!. CA. SMA it T, CHA & [ CMT;
IV AL, CHAEH HSpT, LGA & AA; VA, HSpT
5 SMA #:F, CHA & H HSpMT, LGA L[ AA;
VI . CHA H 4% & A AA, SA. LGA 2 H GSpT
a4y R T AA; VITHRY. CHA Skin, 4t HF sh kb
RLHA. RRHA., AHF5EH, 185 1L 96.78%, R4
REBNANZM CHA R HAb s RIFT & Ho i 36 3

HiAZE R BUE . -
RRHA #2[] AA 1 (0.66) 2.2.2 ALHA %U?’ A5, 1 444@ (95.(1%)
RRHA i [ SA 1(0.66) AW ALHA 77 76 3% ALHA 40/ A fE W5 W 2 = ;
ARHJ;@@;! CA - 22132; LGA GE AT 842 5 B 1] 22 [8) % w] WL [8) Wy 30 Bk 52,
CHA SMA+ALHA LGA 2(1.32 X R .
+H JE & H. yi YA NI PAER N
CHA # [1 HSpT+RRHA /&[] SMA 1(0.66) LGA /) ALHA, Hi G BEmEHFSH, 25FRK
“ﬂﬁgmﬂ - 3qu WL HE X UE Sy ALHA, AR5 LU, A S
CHA AA+ALHA LGA 1 (0.66 o o . .
It 13 (8.55) 76 B (5.0%) , ¥ & FH F LGA, H F K
oo ALHA # 69 ] (69/76, 90.79% ) ,
RRHA+ALHA # 7 % (7/76, 9.21% ) .
AA AA AA LGA AA
LGA LHA LGA | SA LHA B
L:& N LHA  LGA /t—GSpT RH k-—HsPT
RH SA RHA SN __SA ~OMT RHA ____SA
GD[ L |— GDA GD —
S,\,ﬁ GDA SMA SMA/
A SMA B c D
AA AA o P LGA | AA
_GSpT
LHA 1GA | g L LGQ\“ \t_,GSpT LHA L '—_/SA RLHA _I: _’/p_ T
RITE 1 SA ——SA RHA
2| RHA — - RRHA o d,
~HSpMT |~
GDA GDA_ /T GDA A4~
SMA SMA SM{ SMA
E F G H

E1 CHARESETER (REHRELN CHA)
Figure 1
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Schematic diagram of the classification of the origin of the CHA (black color marking the CHA)
C: Type III; D: Type IV; E: Type V; F-G: Type VI; H: Type VII

A: TAY; B: IAY; C: MIAY; D: VAL E: VAL F-G: VISR H: VIIAY

A: Type I; B: Type II;
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2 CHARESZCTE®R  A: [ (CHA, SA, LGA A CA) 5 B: T (CHAE [ SMA) 5 C: TITH (CHA &
[ CMT) ; D: IV A (CHA # [ HSpT, LGA# [ AA) ; E: VI (CHA#E [ HSpMT) ; F: VI & (CHA 2 [ AA,
SA, LGAH GSpT) 5 G: VIF (CHA#ZH AA, LGA, SA#LH AA) ; H: VII & (CHA $tdn)

A: Type I (both SA and LGA originated from CA); B: Type

II (CHA originated from SMA); C: Type III (CHA originated from CMT); D: Type IV (CHA originated from HSpT, LGA originated

from AA); E: Type V (CHA originated from HSpMT); F: Type VI (CHA originated from AA, and SA and LGA originated from

GSpT); G: Type VI (CHA originated from AA, and LGA and SA originated from AA); H: Type VII (Absence of CHA)

Figure 2 CT images of origin of the classification of the origin of the CHA

&3 CHA ZBIBRENERELHI
Table 3 The specific content and proportion of CHA classification

CHA 531 PARILET iU n (%)
I CHA., SA. LCA X[ CA 1471 (96.78 )
II CHA 2 H SMA, SA. LGA EZH GSpT 25 (1.64)
11 CHA [ CMT 7 (0.46)
IV CHA 2 H HSpT, LGA & H AA 5(033)
v CHA #2 | HSpMT, LGA & H AA 4(026)
VI CHA EH AA, SA. LGA A GSpT B AA 4(0.26)
VII CHA #tdn 4(0.26)

2.2.3 BAFFBRER  CHA MAMESF, &ili GDA
JE B PHA, SEFIT#E—270 5 LHA. RHA, A
JEEE I . A B FOR AR Bl ik o3 5 8 (18 3-4)
A, Rz, PHA & Hf RHA, LHA; 11 %
RRHA %, PHA {{k ! LHA, RRHA #£ H SMA 1{
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SA B AA; II1 %), RLHA #!, PHA {U % i RHA,
LGA & i RLHA; IV #l. ARHA #!, CHA K& H 4
S RHA, [R] I A7 78 5w 1 18 9 3l ik & s 43 )i
AW sk, v AL BSOS kA, CHA Sk,
RLHA . RRHA [ABAETE . 4520 BUPIT 5 L] DL 3R 4.
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LHA A - Lha Lea| AA
LGA LHANLGA . LHA LGA
RHA \i i ; N
=S A = S i
GDA SA GDA SA A
- RRHA — RRHA= o~ GDA/’
GDA / | g RRHA s
i SMA SMA /
A B c SMA D
LGA [AA AA AA LHA AA
RLHA = e LGC RLHA
__,L RHA :L RHA :["GSPT
RHA ———SA S —S5A —1\J4—sa
7 GDA
= apA L GDA
GDA 4 ARHA ARHA RAHAS,
SMA "
E SMA . SMA G S H
B3 HATEAKERBISECRER A: 1A B-D: I; E: MIAY; F-G: IV, H: VY

Figure 3 Schematic diagram of classification of the types of the liver supplying arteries
Type IV; H: Type V

& 4
(RRHA #ZH SA) ; D:
(ARHA#ZH CA) 5 H:
Figure 4

HAFEhR S E CT hEEEE R

A:

IV % (ARHA #H GDA) ; I:

CT vascular reconstruction pictures of classification of the liver supplying arteries

A: Type I; B-D: Type II; E: Type III; F-G:

[
[ (RHA. MHA. LHA &[] PHA) ; B:
11 % (RRHA G H AA; E: BY (RLHAH LGA) ; F:

[17% (RRHA #5 SMA) ; C:
IV A ( ARHA 2 SMA) ;
V # ( RLHA+RRHA UK )
A: Type I (RHA, MHA and LHA

11 7

G: TVH#l

originated from PHA) B: Type II (RRHA originated from SMA); C: Type II (RRHA originated from SA); D: Type II (RRHA
originated from AA); E: Type III (RLHA originated from LGA); F: Type IV (ARHA originated from SMA); G: Type IV (ARHA
originated from CA); H: Type IV (ARHA originated from GDA); I: Type V (double replacement arterial type of RLHA+RRHA)
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Table 4 Classification of the arteries supplying the liver and their proportions
g ik n (%)

I 25 LAY 1381 (90.86)

11 RRHA # ( PHA {& 1) LHA, RRHA {24 SMA & SA & AA) 87 (5.72)

11 RLHA 0 ( PHA 0% RHA, LGA % RLHA ) 38 (2.50)

IV ARHA 7 ( ARHA £ H SMA 5% CA 5% GDA ) 10 (0.66 )

\Y AR EN kA ( RRHA+RLHA ) 4(0.26)
3 it i GDAFNZ D TR I 3l Ik 4 sl bk T

AAG AR BN Bk R EAFECA . SMA .
ZE T3k (inferior mesenteric artery, IMA ) ,
BERLIE NI AL RS E . CA L SMA K H: 4 3 1 fi 50 47
FERZ AR5, HEIF B kT SR I T CA R G M/EkSMA
RG0, oy 3o R R A A I RE . AR A B ik
(O ff% ) 52 A AR R B, ARV RO S 4 L
I JE 28 0 90 12 7 R R SCE R, W S L Bl Bk
it S50 R Sy JFE U b R D RS AE L PR i
B IEIRYT . MR ARG AF SR LA ) 2 S ah o B
FEMSCTAHE AR MR, AMFFEE A 15 DL 7E R Ji 3k 45
T8 M 0 B Bk A8 f R AR, T AR A AR i A R R A
TSH, IWMidEHTFARE .

JHF 2 Jok R V5 K 43 5215 50 B Ml chels 43 1 55 4t JiF
B K it 5 S S B Hiave 40 9k 92 432 52 FAE ]
ELAS W A 79 4 780 K o 26 00 i 0 IR e R B, L
Michels [t 26 43 #5075 HABATF5E H AR RE DL . Z 00T
G PR I GETE, AR EL B R R [
PR o TR 3y o R OG AR gl Bk R B sl ik, T
% T CHAR, HCHAZ XAV H A 1EAR
Z ] BEAE IR S Kk, 25 A R AR 3h ik R s B ik
BLMUBEAS, SRS AERNEZA .
MichelsZF BIFYIX . XHIECHARIEA % (CHA
3 TSMA . LGA) ; HiattZp BRI VEAJCHAA
FSMA, VIBECHAR TAA", FXRCALTH
WA HSpT . HGT . CMTZZMiEn" ", J5
AHSpMTH A, MR M CHARE LR
MCAFIGDAS S Ab iy — BEFsh Bk, (0% L TC
HIRCHAM &M AR . 24 & HHSpT. HGT.
CMT. HSpMTHYHEAF s ki, W58 & K A CHA
5 SC, LA X BB LI B kB S CHA! Y, p
RS PR EWR2Z . SongZE" | Zaki &P
CHAF BiE Lk 2=/ & GDARNLE N 3h ik i) )
Bk £, WA HRWE . 454 SCk fin A 41 45 3
XK CHAT B E U BAAASH S, Kl
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Wk RE AR, A XANLEL
I, ARFS Bk CAZE A i 45 o 45 B 5E T EE 1) 0
BIHCAK B CHAT 2 SEZ: HPHAF & HHRHA
AMLHABERF . B0 0 FCHARZ A s ikes,
oAl By ik K b AR 1 22 A 16 3l Ik R B AR B0 Bk
FETECHA SR UG (9 2 A5 i S Dk s, W) B A7 78 04 fl
fib Bl ok & H A6 R 22 A7 B Bh Bk Ok @I sk . B AR
JVF 3 Bk o A48 7 AR B JFF ok o g 0 SR B S ik, wT B
Jik &2 By [ At AR . CHA SR JE B TRV,
KR R FER . A ABRITROE R R,
XFCHA U U7 A B o0 B A A5 I IR g A
B ANFShkigi a4, 2240 I HE AT 20 ki g
. EfTERE, AENRZ . FERT AN
100, K AR AR ARG B R A B
B FIERS R S F AR BE T . AR5 MAATE
AR EL B Wk oy 3. EAT . A, BIER T A e )
CHARSIER . 43 3R 40 A L B 3E CH A R IR 1 {1t i
KR IR 5 oA . 454 BEAEOF S R CHA /Y 55 8T
FE X, WHE AT B Ik A CH A R 5 F1A T 3 bk 9 A 7
T AT A

ARFFTRAKGCHAS HTEL, ToHHER T £
FRrl eSS . AAGF IS8 . CAZ SRR .
TP T L L CHABE QN % . %4 04
BT AR FT UL ARG B, BEHE T SCHR R E R
Michelss3 B X AL LIS CHA BT A I . Michels
Ay R0 XN CHAR PR FLGA, HA4] 5K
ZHRFEH DTS T R LIRS . B
H, ¥ Michels XA A LCARIE FCHA,
M7 L3 I AN 52 0 A 58 % CHA R PR 17 43 A0 . [
B, ASHF 5T B R CH AR PR UE 47 40 B, IE X 4%
RURE S B vEAT S, 180, Big i, CHAGR
T MCA, 96.78%; 1141, EICHAREH
SMA, 1.64%; IR CA. SMAILT, CHA¥
HCMT, KZJESA, LCAEE; VA . CHAR
HHSpT, LCAR HAA, LA HCHARIE T A%
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BARCA, RAWLER 116 (HEMCHAIRA T
HGTHRIfil, (H A 21 9 f61) K A AT BA BE A F 5% b 35 oK
W AR 5 VI, HSpTS5SMAZ:T, CHA
HHHSpMT, LGAR HAA, JEFEILED, A4
445, BRAERE AR AW AS B P00 VI, CHAE
BERHAAA, 50.26%; VI . CHABN, fLFsh
fk AR . FFshk, 150.26% . T11#Y, TVHY
VAIS I G H1.05%, CMT, HSpT. HSpMT¥) K
AATEMEE N e K40 32, A A e e o7, IR
W FARBEG . T8 G HHEE SR 247, B AL R
CHAE TSMA, SMAMAA K H 07 B K EFFH0L
TIERR G J7 . CHA K WS INAE J5 7 38 47 80258 &4 1k
RS T, AR AR R R A CHAR FHSMA,
AT R0 I8 BT AR e R R R
VIAL, VI, WFE B AR AR o SCE R,
CH A HAth 3f ik % 1 09 A 3l ik E 1) 1 17] 5%
BEE AN, & A#EALZRSTAN . Y 1E
RRHARF, Jois HokW andef, (CEER A F, RLHA
IRALEE B 22 o APBEF AR AT L LGA K T Y
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