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Establishment of a Guideline for the Safe Management of Anatomical Hepatic Artery
Variations While Performing Major Hepato-pancreatico-biliary Surgery

Sung Hoon Yang, M.D., Ph.D., Yong Hu Yin, M.D., Jin-Young Jang, M.D., Ph.D.},
Seung Eun Lee, M.D.!, Jin Wook Chung, M.D., Ph.D.”, Kyung-Suk Suh, M.D., Ph.D.},
Kuhn Uk Lee, M.D., Ph.D.", Sun-Whe Kim, M.D., Ph.D."

Department of Surgery, Incheon Medical Center, Incheon, Departments of ‘Surgery and *Radiology,
Seoul National University College of Medicine, Seoul, Korea

Purpose: Hepato-pancreatico-biliary (HPB) surgeons often must make decisions regarding hepatic artery (HA) re-
section while performing major HPB surgery. The purpose of this report was to review and summarize HA resection
experience with a focus on vascular preservation during major HPB surgery and to develop a useful algorithm
in dealing with these needs.

Methods: We reviewed 1,324 cases that had available computed tomographic and angiographic findings and sum-
marized the problematic HA variations encountered in major HPB surgery. In reviewing our series and previous
studies, we have created a set of guidelines that enables a pragmatic approach to the unique variations in HA
and the risks of cancer invasion.

Results: Challenging HA variations during major HPB surgery were found in 25.7% of the cases and included
variations of common HA from superior mesenteric artery (SMA), gastroduodenal artery (GDA), aorta, celiaco-mes-
enteric (CM) trunk or left gastric artery (LGA) (3.70%), the variations of the right HA from SMA, GDA, aorta,
celiac axis (CA) including CM trunk or LGA (12.76%), the variations of the left HA from LGA, CA or GDA
(4.46%), and the mixed types of the aberrant left medial HA and/or left lateral HA and/or right anterior HA
and/or right posterior HA (2.11%).

Conclusion: Surgeons should have knowledge of the anatomically variable vasculature of the HA when planning
for major HPB surgery. Preoperative imaging studies can aid and should be performed in anticipation of potential
HA variations during major HPB surgery. (J Korean Surg Soc 2009;76:100-108)

Key Words: Hepatic artery, Anatomical variations, Hepato-pancreatico-biliary surgery
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75 ™ (common hepatic artery, CHA), $-7H& ™ (right hep-
atic artery, RHA), #}7-5 "4 (left hepatic artery, LHA), $-% 7¢
5"(right anterior hepatic artery, RAHA), <%-37+5 ™ (right
posterior hepatic artery, RPHA), Z7}+5 ™ (left medial hep-
atic artery, LMHA), #2|7-5"H(left lateral hepatic artery,
LLHA) 18] 3 $]4] o] A 45 (gastroduodenal artery, GDA)
o2 Aefstit.

20001 19HE] 20061 3€7hA] 1,32478 2] ghAlel] ok
ohe A WY 2 dsAasr] AaskeksE e (thin-

sectioned spiral or multidetector row computed tomography)}

[e]

o

A% 32 < (conventional angiography)2] 3 AR-&

z 5
7k o] A5 Fod3t 3167 8] A FoiAk 2elar H|4]olA
549 0]l 31, o] 52| CT (computed to-
mography)9} zdE GRS 3 o 4 3
oj At 3k Wol It WA B AT AlRSskgl e, of
213 AgES G AT aevh Zesklek A7 3%t
=} 2 MIP (maximum intensity projection) 7]
Mo aglw, Yuu MP 4L 4YHoE B s
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HAFE A8 ZZ 13 (Syngo 3D basic; Siemens Medical

System, Erlangen, Germany)g Ah-&3}o] d9ich.

Table 1. Summary of the challenging HA variations to be recog-
nized while performing major hepatectomy or pan-
creatoduodenectomy

Type of HA* variation Number (%)

Normal HA anatomy 862 (65.1)

Problematic HA variations in performing major 340 (25.7)

hepatectomy or PD
CHA" from the SMAT 31 (2.34)
CHA from the aorta 8 (0.60)
CHA from the celiaco-mesenteric trunk 5 (0.38)
Trifurcation of the CHA arising from CA" into 15 (1.13)
the GDA, RHA' and LHA'
CHA from the LGA** 5 (0.38)
Replaced RHA from the SMA 130 (9.82)
RHA from the aorta 1 (0.07)
Double HA' T 18 (1.36)
RHA from the GDA' T 19 (1.44)
RHA from the celiaco-mesenteric trunk and 1 (0.07)
LHA from the LGA
LHA from the LGA 28 (2.01)
LHA from the LGA and RHA from the SMA 8 (0.60)
LHA from the GDA 4 (0.30)
Trifurcation of the CHA arising from CA into 39 (2.95)

the GDA, RGA™ and PHA
Mixed type of aberrant LMHA I and/or LLHA™ 28 2.11)
and/or RAHA*** and/or RPHA' 1

*HA = Hepatic artery; TCHA = Common hepatic artery; fsma
= Superior mesenteric artery; SCA = Celiac axis; 'RHA = Right
hepatic artery; "LHA = Left hepatic artery; **LGA = Left gastric
artery; ""Double HA = RHA and LHA independently from the
celiac axis. | 'GDA = Gastroduodenal artery; YRGA = Right gas-
tric artery; "I MHA = Left medial hepatic artery; YLLHA = Left
lateral hepatic artery; ***RAHA = Right anterior hepatic artery;
TTTRPHA = Right posterior hepatic artery.
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Alshs 7357} 8%(0.60%, Fig. 1B), 4774 7H2h-5- W (celiaco-
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= 8629 (65.1%)°1 3L, g 7HAAIET 4ol A A A Alske 774 578(0.38%, Fig. 1E)o]ict.

S5 st dl FsloF & AR geky e e SMAOI| A 7| Alsl= CHAE 7HAl&= S#lE< CHAZE &

oA ol & A= 75 340 (25.7%)0N A =] yole 7 2ol whebA] 5747 HelE Fl3hs st

9icH(Table 1). (Fig. 2). A WA ¥ el=n=15), CHA7} SMA°JA 7| A& &

1) &ZHS(common hepatic artery)2| & £&A 0|

3N
o
CHA7} 474725 (superior mesenteric artery, SMA)ol| 4] Wt 31.5-7H5 " (proper hepatic artery, PHA)Z} $]4] o] A7
Z1A1sh= 7497} 318(2.34%, Fig. 1A), 5" (aorta)ol| A 7| 5" (gastroduodenal artery, GDA)Z Y-+ A Al =t} (Fig.

A (n=31, 2.34%) B (n=8, 0.60%) C (n=5, 0.38% D (n=15, 1.13%) E (n=5, 0.38%)

)
LHA
RHA LHA RHA_ LHA RHAS LA RHALA lon RAAQL
\¢ LeA X - 3 GDA)V, =7 LGA
2 [;—SDA 4 = GDA 8
PA GDA P

GDA»TST TST)A GDA SpA
SMA / SMA / SMA [ SMA / SMA /

F (n=130, 9.82%) G (n=1, 0.07%) H (n=19, 1.44%) | (n=18, 1.36%)
LHA LHA LHA LHA
L GDA
GDA SpA v SpA GDA SpA SpA
/ GDA /
SMA SMA / SMA SMA /
J (n=28, 2.01%) K (n=1, 0.07%) L (n=8, 0.60%) M (n=4, 0.30%)
v LHA RHA - N LHA
iL A
\/[GA @/—i% e { LGA W G
GDA SPA
GDA/\F\F’SM SpA SpA GBA /
SMA / SMA SMA / SMA

Fig. 1. Some challenging variations of HA in performing hepato-pancreatico-biliary surgery in 1,324 cases (RHA = Right hepatic artery;
LHA = Left hepatic artery; GDA = Gastroduodenal artery; SMA = Superior mesenteric artery; LGA = Left gastric artery; SpA
= Splenic artery; S = Segment of liver according to Couinaud’s classification).
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Fig. 2. Common hepatic artery aris-
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A (n=2) B (n=4) C (n=12) D (n=2) E (n=1)
S3,4/ s2/
S3/  S2,4/
33 4/ S2, 4/ 33/ RA
RHA =~ LM RP RP S3,4
RHA
RHA LGA LGA WyLHA LGA
CLGA
SpA SpA
GDA GDA /
SMA SMA
SMA SMA SMA
F (n=1) G (n=1) H (n=1) | (n=2) J (n=2)
S3 4/ 82/ RA/ S3,4/ sz/
RQ A 54,5 L rRe/  S%,tM
RP, 6. 7.8 RP ‘/ S6,7,8
RP, LGA
g g LGA g
SPA GDA
GDA /
SMA
SMA SMA SMA SMA

Fig. 3. Some challenging variations of the HA to 4 sections of the liver in performing the hepato-pancreatico-biliary surgery in 1,324
cases (RHA = Right hepatic artery; LHA = Left hepatic artery; RA = Right anterior hepatic artery; RP = Right posterior hepatic
artery; LM = Left medial hepatic artery; LL = Left lateral hepatic artery; GDA = Gastroduodenal artery; SMA = Superior mesenteric

artery; LGA = Left gastric artery; SpA =

A]ﬁgfﬂ- ;q] Zg]fﬂ- ‘?—11
ol HEHSE SMA, GDA 32 tigHellA 7]Ashe
CHA, RHA, RAHA 32 RPHA (n=220, 22.6%)9} LHA,
LMHA 22 LLHA®| ¥o]4 7]AE(GDA £ LGA)E 7}
A= 7-+E0=74, 5.59%)°Ic}. w3t A AAE S Y
o8 XA JAAES AT ol LGAoA 7IAlEe
CHA, LHA, LMHA 32 LLHAZ 7[A & A$E 7to g F
wH e W AA 52 dEIL AgE e Eo] A
g 4 ek

2) ORI ZEAE: HAANAGAAE Aol A=

M- CHAOA A== GDAo|tt. A A|x]ojof & GDA

27} 9l 7o) SRR ol

7 AAAR EeHY 25 7HAA ek A el A
Fol & ZHsHWel X2, GDAS A=|#g &L F
@3, e ZHE e 243 s 53 224 A AA
oflA ZhEe] Hel7t 44 %2 A-Eel Ak 2 iEH
ol 25 SMAoIA] 7] A3} CHA, RHA, RAHA 32 RPHA

(n=186, 14.05%),
LGAol| A 7] A8l CHA (n=18, 1.36%), t-&Wol|A] 7] A8}

O, B4 ENCM runk) $&

Splenic artery; S =

Segment of liver according to Couinaud’s classification).

+ RHA (n=1, 0.07%), double HA (n=18, 1.36%), GDA®I| 4]
7] A8l RHA, LHA, RAHA 32 RPHA (n=26, 1.96%) %
o] 9t}

i

gk

Michels(Z)7} 7Hsme] | H3hd Blo] & W w3l H & 7+
o4} 2] F7kel A 7hE el sl FehA Fzell ik Al
o] Wolxl a1, 1994130l Hiatt 5-(2)0] 7Hgm 9] eftehz]
o} Fel= Azletgdrt 200410l Koops S(3)o] 1A1%]
Hzd&o] AAARNE 7122 H] ol 53 wo]

2], B 3187 A Michels®} Hiatt
o 7

alu et %N

5 oX

T Aol i

ol H:lo](uﬂiw"oﬂxi 7]1A1gF RHA, Double HA,
GDAOI|A] 7]A13 LHA 5)& a3 B el o3t
W, A HolE Hol& CHA9P RHA®| 7]A] 5= SMA,
GDA, t5™, CM trunkE £¢3F CA 12|31 LGA9] 571A]
73$-903L Wb oll, LHAE= LGA, CA 12| 3L GDAdIA] 7]4]
b, LHAZ} tls ol SMAoIA 7] A8k -9+ $l3d

L



Sung Hoon Yang, et al

: The Safe Management of Hepatic Artery in HPB Surgery 105

t}. RAHA -2 RPHAS] HolAl 7]A] 5= SMA, GDA L]
3L CA9] 37FA] Z9-913L, LMHA % LLHAS] Hol4 7]
A5 LGAgleH, ole|dt 7] A1 -e] ol Fe] 23t ¥+
Foz FAEL At

A ] AFollA SMAAA] 7]A8E replaced £ ac-
cessory RHAE 7[Al= 739+ 13~23%& HIE3 9
31,(1-4) B Aol A= SMAoNA 7| A8} replaced RHAE
9.82%Ath. RHAZ} SMA©ll A 7] A3t wlo|i= 17 o] Zeol
A A F3ste] Akl Al E B pve] HE
(portocaval) 35} o 53 CAAA EAFHE BE
RHAT PV H & F3s19l3 A4 7+ Fele] RHA 5
oA 6ol ZelollA% pVel HE Ffsleict aela A
& e Fele] CHA SollA 29, dieolA 7] A3
CHA oA 19¢] Sa#lolA Pve F| & CHAZF 8319l

3L, CAdllA 7]*]ﬂ CHAo| At ) F J 7] A5 &

Hslo] FPele 457t 2HlA AUk Fo - -
A FEollA 7&0"34 el o]t oyt o] 3t F
o] wo| = ZHsWe] Helo o gg 22U T AUrke
s &L lojof & Ao|r}.

el A 7]l 4719] ventral splanchnic arteryE©o| & o5
(dorsal aorta)ollA] 7] A|&}aL, o] 5L anastomotic channel
(longitudinal@} horizontal)Sol] 2]&] A7 E|o] 9r}.(5,6) o]
E 4719] ventral splanchnic arteryE ol Z7koll + 7l<}
IZE Aolell 75 channel &2 = 3kskar, A WA ven-
tral splanchnic artery== CHA, LGAS} H] 452 (splenic artery)
9] celiac system 2.2 ¥W-slu], W] B4 ventral splanchnic ar-
tery= SMA system 2.2 BFgtet,(7) 3| 534 wol & 717
= 7+ El3s)of & F channel 5} ventral splanch-
59171 E3tE A kol Whslar, 73
AHo R H“’LEIOJO]E g FUHES E3tEo] oy 7HA] ¥
B2 UeldA "eh©) dlE 9, LGAdIA 71478k o]
Helo] 7HEuE E(CHA, LHA, FH7e Fo T BHAZ 7}
+ e LGAS}H x| o] AR 5 channelo] =3}
A gkar sl “a”é‘% ol Zo]ar,(9) sk SMACA]
E(CHA, RHA, RAHA, RPHA 32 5
AR b= e SMAQ]’ dZxo] U™ F channelo]
B 3}w) 2] b whkslo] WAl wio]Y Zlo|ctt. Kobayashi
S(10)2 S7 (Couinaud?] Eroll W} 79 EAVINE F3
sl 7hs o] $-3}5-A15 ™ (right inferior adrenal artery)ol]
A 71A18kE ol E Harskglal, Wang S(11) ZHol A 7o
Apell Al §-A15 " (right renal artery) o258 7] Agk= 7HE

o] RHAS} LHAZ WA 7tel] Buled S F s}

37 wol 2 Waslgl). o]g)dt Ze|SH Y B o7 2

2 dellA Hasx) ok gl a3 wo] 5ol
g

A+ AEE Gl Folo

= T
A Akt }% 7&91 Jolo] FHEE BULFE Akl
AR SIS ol2l B diki ot ol
3

H«

o] 2] #+el tl (hepatoduodenal ligament), 4=%(lesser omentum),
7+$] 91t (hepatogastric ligament) 5o ¥eld w] 7+
Fle “P':*] *@Lolﬂ—’ TE A 437 v)asle] Holof

,’:S

S
il
ﬂ
ot
cA
of
ol -
ot
rlo
e
E
N .ln
-
= o
ox
oz
H
o
il
i
ol
N,

o8 7}5 E“ﬂ g7 AA7L ?4‘}515 °'°l
o2 gk LGAoN A 7] A8l CHAE 192811 % 1
Medline s £3F T8 =2 A A & 4287} HaE 9
12,13) ¥ Aol A= 5% (0.38%)0l1 4] o2 gt Hlo]
LIPS

RHAZ} Acts|o] - AIES AlgstA]l AU e
= AAAsEA b o‘l‘oﬂ 7Fg AR 3 %
A7 A k= B3t QUAINE(14) Miyazaki S (15)<
gEgto] RHA A5 S wl, 59 %7k (right hep-
atic duct)@} FH7ZF(left hepatic duct)®] T-FH T lA
RHA$} LHAA}o]ol| Glissonian sheath® A }7l+= 2E5F
o] HEH vk, 7 AlIE &2 RHA AA & A71& A2
s12) ghrigts XHE RHAS HAstAl &R AAS < 3
ki Husigieh ¢ Soll RHAE AAlseeks 7F W
%2 7ke] ZH<=3k(intrahepatic 22 extrahepatic collateral
circulation)ol] &Jgt Z&o| olx]
ANAL AR gkgkow olg] gt SRS oA sl

F5E ARG £ Al o) HAELT U
A7RE % F PUEE ek webd ool 108
shA] oot 7 A|E o] HEEA] A eshA] ok Hst,
5ok SellAl RHAS E7Ha]skAl 0 A Aok sh= 7
o, +7HAE 52 FWA7 glo]l RHAS AA7} 753k
th 2 a o] A9 o] EX TAE vkt W 52 7

- - U
= =

Z-H.<=3(intrahepatic 22 extrahepatic collateral circulation)

_\-(_1{[\)

$AAAE e B

o



106 J Korean Surg Soc. Vol 76, No, 2

I} 7HER AA|zZ9] 5 (hilar plate arterial plexus)S
3k RHAS} LHA Apol9] A3 o] EAdhte 7o)
t}.(16-19) RHAS A 8 Az ), 3}3) AntEm =27}
53} 95 (inferior phrenic, intercostal, gastric arteries)Z}
T AxzZ e U ol o3t 7 9 F& Tl F
T 7 JHA gevhd, oz d] T dF
& JebEA] eker)h(20) EYE o]Egk o] fE wl ol
RAHA, RPHA, LMHA %-& LLHAE AAlAY B&st=
Aol #jg FHo 7H4A gle] 7tsd F Ark(19)
Selvete] A9 Aokt vlasle] AA Zho] A2
o] a1, ABA| & 7ho] o] FlSNEtA AlgE 3 gk
Hgre Zégko—i ‘]3 e ZPAAlE AA 7 ol A
7]'017} At 53] FoiAt 7+
= Aol A2s] ghofafjof A
= = FEollA 7k oA 9 7HE
Al vhelshar Ackd o= Qlek w3k Fa|Rke] Zho

g
A 3]

FollA) o] A 7 ol 41%le] BuE T} Auke
o

3

2
T

OHT ra ri P

_zé

—_

e o > e A 2

-4
18
o,
3%
bt
S
op X,
i)
rOP A
L
frt
=2
:>|4:,‘
AL
o
o
=
il
X
et r-1m

Aol AZA Azl A AAE = FW2 GDAE 2
F A 0] A A5 Z-(pancreaticoduodenal arcade)o] i, 7}
w] RehE ol sMAslA 7|45
AR SMV Aol & A= %
e A Aol ol A

é
N
)
ﬂ
r
oL o
°1'ﬂ =&
i
02'1_, Ell-g.*'.
fo oo

OJ.L,

Zop 4ol glekel, AARE A4 Qdejol TR CHAL
2oAsleA B AAldok s AS7h wAE Aol
Yamamoto 5(22)< o]2]3t e]e] CHAE 71A& 7%
Tl LA AT ARE B2 AL ¥
3 25515 LGA 52 2t
D51 Agbo ) Sl BEE Helshn cAs) B
AA 3 A7 o] Aol AAA A TS Alsetivka Ha
Selck Y I5S FERE AAelAPAALE AN
W] RGAE HZ3W CHAZ EubAA & A7sA obr)at

E o slE SudR 5y 4 gokn Basksid.
5233 Kondo 5242 5% Aol A4 & 1y
A4 CHAO HAES A8stal RGAS}H LGA 59 =5 +
s WA Fof] QPAsAl CHAS &4 AAlskgivka
Raslge}. stH o2 CHAS E4l AAlsln Artd ot
dgo = Az GDAC Eisho] AsHE W
43‘2?1' Ha E—EC UARE(25-30) olA3F E71= & § A
1| |4 (pancreatic fistula)7} B A} &
g A7 5 e Al 2 4

Miyamoto

fN

ol o ro

X0,
rulo
&
Lo
S

Anatomical variations of HA with the problem of the preservation

in performing major hepato-pancreatico-biliary surgery

]

Determine the HA anatomy through the preoperative imaging study,

and compare the intraoperative HA anatomy with that of preoperative imaging study

: - Technica”y possib|e ii Technically inevitable
i - Without the risk of cancer cells 1} -
i spread during the dissection ::

- With the risk of cancer cells
spread during the dissection
- With the expected survival gain

__________ <o

| Resection or sacrifice |

| - Without the arterial supply to the
1 liver by the (enlarged)* collateralst

| With reconstruction |

= After preoperative CHA embolization.
T = Through the preoperative images and intraoperative findings
(temporary clamping or back-bleeding).

- With the arterial supply to the
liver by the (enlarged)* collateralst

Fig. 4. Algorithm for dealing with

HA that has the problems of
preservation in performing

Without reconstruction
No hepatectomy

hepato-pancreatico-biliary
surgery (HA = hepatic ar-
tery).
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