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SUMMARY: Liver transplantation (LT) is the treatment of choice for decompensated liver cirrhosis. In the LT procedure, an
adequate arterial supply is required for anastomosis to prevent postoperative necrosis and maintain hepatic parenchysnaltienctio
extrahepatic arterial system is primarily responsible for carrying oxygenated blood from the heart, 25 % of total cardiloouggly,
the celiac trunk gives off the common hepatic artery. The common hepatic artery branches into the hepatic artery prqpexsaridedip
to the hepatic parenchyma. Recognizing the anatomical variations of the hepatic artery proper is essential for the pikcomhémgeantdtion
of LT. The extrahepatic arterial variations are hard to study in live humans because of the limitations of human rightsc&tiashgrs can
solve this problem. This study investigates the distribution of normal, accessory, and replaced hepatic arteries pragmingyTdias
cadavers (n = 152; males = 82 and females = 70) in the Gross Anatomy Laboratory at the Department of Anatomy, Facultyeof Medici
Siriraj Hospital, Mahidol University. The cadavers were preserved in a 10 % formaldehyde solution. The exclusion cirgplecimens
were cirrhosis, liver carcinoma, including hepatocellular carcinoma and cholangiocarcinoma, and other liver masses. Adberdingly
extrahepatic arterial system was conventionally dissected and identified at the porta hepatis. The extrahepatic arteréad Bestéfied
and documented in terms of features of normal distribution and variations, such as accessory or replaced hepatic asterges. 75r
normal type, 18.42 % accessory left hepatic arteries (aLHA), 1.32 % replaced left hepatic arteries (rLHA), 0.66 % achebspaticg
arteries (aRHA), 1.32 % of replaced right hepatic arteries (rRHA), 1.97 % of aLHA and aRHA, and 1.32 % aortic type. Tioatiolentif
of variations in the hepatic artery system is essential to detection of distribution patterns. This knowledge is crusiedtiogrT.
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INTRODUCTION

The liver is a reddish-brown organ that is shapedral attack, it can result in chronic hepatocyte destruction
somewhat like a wedge. Itis located in the right hypochondriand inflammation. Cirrhosis is the last stage of chronic liver
region, the epigastric region, and the left hypochondriatisease that results in significant changes in the liver structure
region. The liver is found inferior to the diaphragm, superigiSchuppan & Afdhal, 2008). Currently, pharmacological
to the stomach and duodenum, and anterior to the lesseratments that can slow or stop the progression of
omentum. The liver is the body's largest visceral orgadecompensated cirrhosis are still being developed, making
accounting for approximately 2 %-3 % of total body weightiver transplantation (LT) the only curative option for cirrhosis
Although the liver is responsible for numerous functions, itand end-stage liver disease.
most important role that sets it apart from other organs is its
detoxification ability (Abdel-Misih & Bloomston, 2010). The main vascular anastomoses that are performed
Hepatocytes play an important role in protecting an organisduring LT are on the hepatic portal vein, hepatic artery propet,
against from potential toxic chemical insults. They do thiand common bile duct (Blumgaat al, 2007). In order for
through their capacity to convert toxic substances into watéff to prevent postoperative necrosis and sustain liver
soluble metabolites, which can then be efficiently eliminateplarenchymal functions, a sufficient arterial supply is necessary
from the body (Braet & Wisse, 2002). When the liver idor anastomosis. Thus, it is critical to recognize anatomic
repeatedly pushed to process toxins or is subject to a prolongadations of the extrahepatic artery in patients undergoing
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liver transplantation. As a result, recognizing extrahepatigere exclude. Anatomic variations of the hepatic artery were
arterial variations is important for surgical planning. Normallylassified according to a modified Michels’s classification as
the common hepatic artery arises from the celiac axis, arepresented in Table | (Michels, 1966; Hiatt ef &4994).

the proper hepatic artery is the continuation, which shortly

divides into the right and left hepatic arteries. However, The dissection procedures included, first, making five
because the embryological development of the celiac axskin incisions radiating from the umbilicus. Then cut the
the superior mesenteric artery, and the aorta are fairly complé&{ciform ligament to detach the liver from the anterior abdo-
there are wide variations in the arterial supply of the liveminal wall. Once the liver was free from its attachment, access
The classification of extrahepatic arterial variations has be®ras gained to the inferior surface of the liver, and inspection
proposed by Michels (1966) and Hietial (1994). This study of the free edge of the lesser omentum was possible. The
used Hiatt's devised version of Michels's classification, whickubject of our interest was the hepatic artery proper. Following
reduces Michels's original 10 groupings to 5 major types withat, the celiac axis and its branches, common hepatic artery,
subgroups and a particularly rare 6th type. left and right gastric arteries, hepatic artery proper, and right

Because of human rights restrictions, Table I. Classification criteria of the extrahepatic arterial system: a modification of
is difficult to examine extrahepatic arteria¥lichel's classification (Michels, 1966 and Hiaftal, 1994).
variations in living humans. This hindrance cafypes Definitions Ilustrations
be avoided by using a cadaveric study, whiche! Nomal type
permits an attempt to investigate the variations
in the vessel branching pattern. The many variants
of the extrahepatic arterial system can brewsza
identified through dissection. Hence, dissection
of the porta hepatis at the hepatoduodenal
ligament in Thai cadavers allows the
identification of numerous variations of the Replaced Ieft hepatic artery (LHA)
extrahepatic arterial system.

Accessory left hepatic atery (aLHA)

MATERIAL AND METHOD Type3a Accessory right hepatic artery (@RHA)

Between 2019 and 2020, one-hundrepypesb
fifty-two cadavers were dissected at the
Department of Anatomy, Faculty of Medicine
Siriraj Hospital, Mahidol University. They were
fixed with a 10 % solution of formaldehyde. Theaype4a Accessory left hepatic artery and accessory right hepatic
cadavers were divided into two groups: males (n artery (3L HA and aRHA)
= 82) and females (n = 70). The age range is 40-
101 years. All cadavers were obtained through
body donation and signed informed consedt™*
forms by themselves for medical education at
Mabhidol University's Department of Anatomy,
Faculty of Medicine Siriraj Hospital. TheTypes
voluntary donors declared for themselves that the
remains would be donated as materials for
medical study and research. Research permission
was approved by the Ethical Commission of thepes CHA from others e.g., aorta
Siriraj Institutional Review Board under Protocol
Number 462 Exemption. Conventional dissection

of the cadavers was performed in the gross
anatomy laboratory room. Liver specimens WitRA: celiac artery; SMA: superior mesenteric artery; CHA: common hepatic artery; HAP:

. . . . hepatic artery proper; LHA: left hepatic artery; RHA: right hepatic artery; LG: left gastric
cirrhosis or cancer, including hepatocellular Cag_rtery; aLHA: accessory left hepatic artery; rLHA: replaced left hepatic artery; aRHA:

cinoma and cholangiocarcinoma, or other mass@gsessory right hepatic artery; rRHA: replaced right hepatic artery.

Replaced right hepdic artery (rRHA)

Replaced left hepatic artery and replaced right hepatic
artery (rLHA and rRHA)

CHA from Superior mesenteric artery (SMA)

759



PHONGSRI, R.; SRICHAROENVEJ, S.; LANLUA, P. & BAIMAI, S. Identification of variation in the extrahepatic arterial system of Thai caddner3. Morphol., 41(3y58-763, 2023.

and left hepatic arteries were cleaned and identified. Nekigpatic artery emerged from the celiac axis to form the
swing the small intestine to the right and remove thgastroduodenal and proper hepatic arteries (Figs. 1A-B).
peritoneum that was attached to it. This was to grant

access to the superior mesenteric artery and clean this There were 28 cadavers with type 2a, in which the
vessel. When all of the preceding steps were completed,cessory left hepatic artery arose from the left gastric artery,
the type of variation could be determined by referring taccounting for 18.42 % of all cases. Surprisingly, there were no
the classification criteria. Moreover, other types ohepatic arteries proper. As shown in Figures 2A-B, both the right

procedures, such as those performed on the abdomipal -
aorta, were clarified. '
el

RESULTS

The variations in the extrahepatic arteries of 1
cadavers were classified into one of six types. The me
age of the male Thai cadavers (n = 82) was 69.62 ye @i B~ .
(maximum: 92 years, minimum: 41 years, age range: 41 : * s i
92 years) and that of the females Thai cadavers (n = #g. 1. A. A photo illustration of type 1 or normal type. B. A diagram
was 71.68 years (maximum: 101 years, minimum: 4éhowing the distribution of celiac artery. CA: celiac artery; LG: left gastric
years, age range: 40-101 years). The cumulative meatery; CHA: common hepatic artery; HAP: hepatic artery proper; LHA:
of the group was 70.65 years (maximum: 101 yearkgft hepatic artery; RHA: right hepatic artery; GD: gastroduodenal artery.
minimum: 40 years).

Table Il represents the variations of the
extrahepatic arterial system in Thai cadavers. After the
variation was identified, 75 % of cases were of the no
mal type (type 1) (n = 114), indicating that the left an
right hepatic arteries arose from the hepatic artery prog
branch of the common hepatic artery. The comma

RHA' alHA

GD G

Table II. Variations of the extrahepatic arterial system in Tha % ¥, B «
cadavers. A K ‘B

Fig. 2. A. A photo illustration of type 2a without hepatic artery proper.

Types Number and percentage (%) ; . A . .
Totd Males Females B. A diagram showing the distribution of celiac artery. CA: celiac artery;
— — — LG: left gastric artery; aLHA: accessory left hepatic artery; CHA:
(n=152) (n=82) (n=70) . . T . A ) .
common hepatic artery; RHA: right hepatic artery; LHA: left hepatic
Typel 114 66 48 .
artery; GD: gastroduodenal artery.
75.00% 57.89% 42.11%
Type2a 28 12 16
18.42% 42.86% 57.14%
Type2b 2 2 0
1.32% 100.00% 0.00%
Type3a 1 0 1
0.66% 0.00% 100.00% fLHA
Type3b 2 1 1 RHAN, CHA( €
1.32% 50.00% 50.00% B
Typeda 3 2 1
1.97% 66.67% 33.33%
Typedb 0 0 0
0.00% 0.00% 0.00% ; ;
Type5 0 0 0 Fig. 3. A. A photo illustration of type 2b. B. A diagram showing the
0.00% 0.00% 0.00% distribution of celiac artery. CA: celiac artery; LG: left gastric artery;
Type6 2 1 1 rLHA: replaced left hepatic artery; CHA: common hepatic artery; RHA:
1.32% 50.00% 50.00% right hepatic artery; GD: gastroduodenal artery.
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and left hepatic arteries were formed directly from the common hepatic ~ Only 1 case (0.66 %) was Type 3a, which
artery, and the accessory left hepatic artery was formed from the left gastras defined as the accessory right hepatic artery
artery. Only 2 cases (1.32 %) were classified as type 2b, in which the repldoeishg developed directly from the superior
left hepatic artery arising from the left gastric artery (Figs. 3A-B). mesenteric artery, as shown in Figures 4A-B.
Only 2 cases (1.32 %) were classified as Type
3b, in which the right hepatic artery arises from
the superior mesenteric artery as the replacement
vessel (Figs. 5A-B).

" " A double accessory of the hepatic artery,
HAP or type 4a (Figs. 6A-B), was found in 3 cases
aRHx CHA (1.97 %). The left accessory hepatic artery
i GA emerges from the left gastric artery, while the

right accessory hepatic artery emerges from the
superior mesenteric artery. Types 4b and 5 were
, . not found in any of the cadavers that were
# } : dissected and examined in this study. However,
B pe 6, an uncommon aberration in which the
gmmon hepatic artery derives directly from the
al ;
orta, was observed in two of the cases.

Fig. 4. A. Aphoto illustration of type 3a. B. A diagram showing the distribution c@/
celiac artery. CA: celiac artery; CHA: common hepatic artery; GD: gastroduoden
artery; HAP: hepatic artery proper; LHA: left hepatic artery; RHA: right hepati"é1
artery; aRHA: accessory right hepatic artery.

DISCUSSION

In this study, Thai human cadavers were
dissected to collect information on extrahepatic
arterial variation in the Thai population based
on a modified Michels's classification by Hiatt
et al (1994). This was done with the intention
of expanding the database for surgeons
: performing procedures around the porta hepatis

E to prevent damage to vascular structures. The
Fig_. 5. A. Aphoto iIIustrgtion of type 3b. B Adiagram showing the distribl_Jtion ¢host prevalent type of anatomic variation of the
celiac artery. S_P: splenic artery; CA: celiac artery; CHA: common he_panc arteéyétrahepatic arterial system that was observed
LHA: left hepatic artery; GD: gastroduodenal artery; rRHA: replaced right hepaliﬁzthis study was type 1 or the normal type. Type

artery. 1 occurred in 66 male and 48 female cadavers,
accounting for 75 % of cases (n = 114). This
finding was consistent with previous studies by
Michels (1966), Hiattet al. (1994), and
Gruttadauriat al (2001), in which type 1 found

to be the most prevalent. These case studies
revealed that among all the types, type 1 had an
incidence ranging from 55.0 % to 75.7 %. Out
of 152 cadavers evaluated, the hepatic artery was
aberrant in 25 % of cases (n = 38). When
comparing Michels's data to those in this study,
B it was shown that the patients examined in

Fig. 6. A. Aphoto illustration of type 4a. B. A diagram showing the distribution AY“C_heIS s study exhibited a greater incidence of
celiac artery. CA: celiac artery; LG: left gastric artery; aLHA: accessory left hepali@iant patterns (43 %) (Michels, 1966). The
artery; CHA: common hepatic artery; GD: gastroduodenal artery; HAP: hepalitcidence of a Type 3 anatomy was 18 % in
artery proper; LHA: left hepatic artery; RHA: right hepatic artery; aRHA: accessoMlichels (1966) report and 10.6 % in Hiattal
right hepatic artery. (1994) report, both of which are significantly
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higher than the 1.98 % found in this study. It is wortlheconstruction of several vessels may be necessary due to

mentioning that types 4b and 5 were not found in this studjre small diameters of accessory arteries.

Interestingly, some types of hepatic artery variation were

less common than others, and not all variants were seen in  Consequently, it may increase the risk of hepatic

every study. This is possibly attributed to the fact that, whil@rtery thrombosis. Although this circumstance is unusual,

variations in the extrahepatic arterial system are typical, titeshould not be regarded as a contraindication to a living

configurations and combinations of these branches are matnor liver transplant. However, it will still be a

predictable. contributing factor for the determination of the best arterial

reconstruction method (Hardy & Jones, 1994; Vattti

Michels (1966) and Hiatet al. (1994) established al., 2004; Herreret al, 2017).

the standard for all future contributions in this area with their

classic classification of anatomic variations in the Data from previous studies, as well as this one,

extrahepatic arterial system. The variations were classifisdggest that the anatomic patterns of the hepatic artery vary

according to the origin of the hepatic artery and its branchimggeatly. Recent investigations have documented a variation

pattern. The cause of a variable branching pattern cantype that has not yet been recognized in the well-known

traced back to embryonic development. In the early stag#udies performed over the last decades. That is why it is

before the fusion of the dorsal aorta, it gave rise to sevemdportant to have new studies to contribute to the existing

vitelline branches. During embryogenesis, the celiac artetiata pool. To support the success of future liver transplants

develops from the splanchnic arteries as one of the ventoalother liver-related surgeries, this study intends to shed

branches along with the superior and inferior mesentetight on potential variances of the hepatic artery in Thai

arteries (Rosen & Bordoni, 2022). Many of these arteriggeople.

regress after fusion, and only the ventral branches (celiac

and superior and inferior mesenteric arteries) remain in

adults. The embryonic left hepatic artery, middle hepat€ONCLUSION

artery, and right hepatic artery originate from the left gastric

artery, celiac axis, and superior mesenteric artery, o ) ] ]

respectively. During fetal development, the embryonic left Variations in the extrahepatic arterial system are

and right hepatic arteries regress, whereas the middle hepHf&uent. It is important to identify variations in the hepatic

artery remains the proper hepatic artery in adulthood. Tﬁétgrlal system so as to ascertain thglr dlstrlbutlop patterns.

proper hepatic artery branches into the right and left hepal©ing so facilitate the planning and implementation of LT

arteries near the left end of the liver's hilum. When the§&rgeries, thus surgeons need to be aware of them.

arteries fail to regress, vascular anomalies or variations may

occur. The persistence of the ventral splanchnic branch of

the dorsal aorta may lead to anomalous branches of the ceftéd<NOWLEDGEMENT. This research was supported by
trunk (Rejendraet al, 2011). Chalermphrakiat Grant, Faculty of Medicine Siriraj Hospi-

tal, Mahidol University, Thailand.

Variations in the artery pattern are prevalent, as
different studies have demonstrated. The existence of th‘T:’ﬁONGSRI, R.: SRICHAROENVEJ, S. LANLUA, P. &

abe_rrant arterifas_ may make Su_rgi_cal t_reaftm_ents in the hep%t,hﬁMAl, S. lIdentificacién de la variacion en el sistema arterial
region more difficult. Each variation is _d_|st|nct,_and failurgyirahepatico de cadaveres tailanddsesl. Morphol., 41(3)758-

to recognize them may pose a significant risk, of fataks, 2023.

consequences. General surgeons must understand the

potential variations of the extrahepatic vascular anatomy in RESUMEN: El trasplante hepatico (TH) es el tratamien-
order to achieve successful liver transplantation (Miciels to de eleccion para la cirrosis hepatica descompensada. En el pro-
al., 1966; Noussioet al, 2017). These arterial patterns aré&edimiento de TH, se requiere un suministro arterial adecuado

important in the planning and performance of all Surgicaara la anastomosis para prevenir la necrosis postoperatoria y

. . . . mantener las funcion | parénquima hepéatico. El sistem
and radiological procedures involving the upper abdomef2Ntener 1as funciones del parénquima hepatico. El sistema
arterial extrahepatico es el principal responsable de transportar

For instance, in patients with anatomic variations involvingangre oxigenada desde el corazon, el 25 % del gasto cardiaco

the accessory vessels, both the major and the accessgfyi. Normalmente, el tronco celiaco da origen a la arteria hepa-
arteries will need to be identified. According to Abdultdh tica comun. La arteria hepatica comtin se ramifica en la arteria

al. (2006), accessory vessels do not always need to Hpatica propia y suministra sangre al parénquima hepatico. Re-
preserved for arterial reconstruction if intrahepaticonocer las variaciones anatomicas de la arteria hepatica es fun-
anastomoses result in sufficient backflow. Howevegamental para la planificacion e implementacion del TH. Las va-

762




PHONGSRI, R.; SRICHAROENVEJ, S.; LANLUA, P. & BAIMAI, S. Identification of variation in the extrahepatic arterial system of Thai cadawer3. Morphol., 41(3y58-763, 2023.

riaciones arteriales extrahepéaticas son dificiles de estudiar en Rejendran, S. S; Anbumani, S. K.; Subramaniam, A.; Balaji, M. S. T. &

manos vivos debido a las limitaciones de los derechos humanosRajendran, H. S. R. Variable branching patterns of the common hepatic

El estudio de cadaveres puede resolver este problema. Este estiftery and the celiac arted. Clin. Diagn. Res., 5(7)433-6, 2011.

dio investiga la distribucién de las arterias hepaticas normal&93en: R- D. & Bordoni, EEmbryology, Aortic ArcfiTreasure Island (FL),
- . - L p StatPearls Publishing, 2022.

accesorias y aberrantes mediante la _dlsecmon de cadav%r&%ppan’ D. & Afdhal, N. H.iver cirthosis. Lancet, 371(961888-51,

tailandeses (n = 152; hombres = 82 y mujeres = 70) en el Labora- 008.

torio de Anatomia Macroscoépica del Departamento de Anatomia,

Facultad de Medicina del Hospital Siriraj, Mahidol. Los cadave-

res se conservaron en una solucion de formaldehido al 10 %. Los )

criterios de exclusién para las muestras de higado fueron cirro§8rmesponding author:

carcinoma hepatico, incluidos el carcinoma hepatocelular y g#Ni Baimai, M.D.

colangiocarcinoma, y otras masas hepaticas. En consecuenci@&hartment of Anatomy ,

sistema arterial extrahepatico se disecciond e identificé convéiculty of Medicine Siriraj hospital

cionalmente en el hilio hepatico. El sistema arterial extrahepatitghidol University

se identificé y documentd en términos de caracteristicas de dg@ngkok 10700

tribucidon normal y variaciones, como arterias hepaticas acced 5IAILAND

rias. Hubo 75 % tipo normal, 18,42 % arterias hepéaticas izquier-

das accesorias (aLHA), 1,32 % arterias hepaticas izquierdas . o .

aberrantes (LHAr), 0,66 % arterias hepaticas derechas accesdrid8ail: Sani.bai@mahidol.ac.th

(aRHA), 1,32 % arterias hepaticas derechas aberrantes (ARHr), ~ Sanibaimai@gmail.com

1,97 % de aLHAy aRHA, y 1,32 % de tipo adrtico. La identifica-

cion de variaciones en el sistema de la arteria hepéatica es esencial

para la deteccién de patrones de distribucion. Este conocimiento

es crucial para promover LT.

PALABRAS CLAVE: Higado; Anatomia; Sistema
arterial extrahepatico; Individuos tailandeses.
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