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ABSTRACT

The Hepatoduodenal ligament is a part of the lesser omentum that carries 
portal triad structures such as portal vein, common bile duct and proper 
hepatic artery to the liver.  Following routine dissection of a 96-year-old female, 
a rare variation in location of the portal vein within the hepatoduodenal 
ligament was found. The portal vein is lying anterior to the common hepatic 
artery and common bile duct. The common hepatic artery was unusual 
in that it arises from the superior mesenteric artery bifurcating posterior 

to the portal vein on the right side into a gastroduodenal artery and an 
uncharacteristically short proper hepatic artery (PHA). The PHA quickly gave 
off the right and left hepatic arteries that coursed anterior to the portal vein 
before entering the liver. This is an aberrant type IX branching pattern from 
Michel’s classification of variant arterial hepatic anatomy, with significant 
difference in its anatomical position in relation to hepatoduodenal ligament 
and its arterial course in relation to the head and neck of the pancreas. This 
finding makes our case report very unique and clinically relevant in upper 
gastrointestinal surgeries and procedures.
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INTRODUCTION

The  hepatic portal vein is contained within the hepatoduodenal ligament 
which is part of lesser omentum. The portal triad is formed by the portal 

vein (PV), the PHA and the common bile duct. The PV is formed by the 
unification of the superior mesenteric and the splenic vein. It is usually found 
posterior to the proper hepatic artery and the common bile duct (CBD) 
within the hepatoduodenal ligament as part of extra hepatic portal triad. 
About 75–80% of the blood that is received by the liver is from the portal 
vein [1].

The abdominal aorta gives blood supply to the abdominal viscera via its three 
unpaired major branches: the celiac trunk (CT), the superior mesenteric 
artery (SMA) and inferior mesenteric artery (IMA).  Typically, the celiac trunk 
gives off 3 main branches, the left gastric artery (LGA), the splenic artery (SA) 
and the common hepatic artery (CHA). The CHA is then divided into the 
gastro duodenal artery (GDA) and the proper hepatic artery (PHA). The PHA 
usually gives off the right gastric artery (RGA) before it further bifurcates into 
the right hepatic artery (RHA) and left hepatic artery (LHA) (Figure 1).

In the present case, we are describing an anterior portal vein within the 
extra hepatic portal triad and an incomplete celiac trunk bifurcating into 
left gastric and splenic artery, often referred as Gastro splenic trunk. The 
common hepatic artery is arising from the superior mesenteric artery (Hepato 
mesenteric trunk). The hepatic arterial branching pattern appears the same as 
Michel’s type IX classification yet the arterial course is significantly different, 
specifically with regards to the portal triad and the head and neck of the 
pancreas.

Out of the 3 unpaired branches arising from the abdominal aorta, celiac 
trunk variations have been described the most [2]. In fact, these variations 
have been classified by a few authors.  Recent studies have shown that typical 
branching pattern of celiac trunk (trifurcation) was reported in about 84%-
90% of the cases and variations like bifurcation was reported in about 8% [3].

Knowledge of the normal anatomy of the portal vein, celiac trunk, and hepatic 
arteries as well as the variants, is the key to a successful diagnosis, appropriate 
preoperative planning, hepatobiliary surgeries, liver transplantation, portal 
embolization, trans jugular intrahepatic Porto systemic shunts, pancreatic 
oduodenectomy, chemotherapy and image guided  interventions [4-8].

CASE REPORT

During a routine dissection of the abdominal region for medical students 
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in the Department of Anatomy at Touro College of Osteopathic Medicine. 
The anterior abdominal wall of a 96-year-old Caucasian female donor, was 
inspected and showed no evidence of surgical interventions. The wall was 
then dissected and reflected following the instructions from Grants dissector. 
The lesser omentum, the vessels and ducts within the Hepatoduodenal 
ligament were inspected. The celiac trunk, the SMA and the IMA along with 
their branches were traced to their destinations and dissected. Also following 
the same procedure, dissection of head and neck of pancreas was performed 
emphasizing on the formation of the Portal Vein. An infrequent branching 
pattern and course was observed. Further dissection of the blood supply 
to the abdominal viscera was performed, the vessels were colored and the 
specimen was photographed.

Figure 1) Sketch of the classic unpaired branches originating from the abdominal 
aorta and it’s branching pattern. Right gastric artery usually comes off proper 
hepatic artery.
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DISCUSSION

The hepatic portal vein is formed by the merger of the superior mesenteric 
and splenic veins, just posterior to the neck of the pancreas. In about 90% 
of the cases the portal vein shows a typical posterior location in the extra 
hepatic portal triad, variations are not frequent. The normal arrangement of 
the portal triad structures within the hepatoduodenal ligament is as follows: 
Portal vein is the most posterior structure with the PHA on the anteromedial 
wall of the PV, and the common bile duct (CBD) running alongside the 
lateral wall of the PHA [9]. The order of structures within the portal triad 
showed variations in the donor although the formation of the portal vein 
remained normal. The common bile duct was the most poster lateral 
structure, the PHA coursed anterior and medial to the CBD and the portal 
vein was the most anteromedial structure (Figure 3A, 3B).

During exploration of arterial branching pattern of the upper abdominal 
vasculature, we found the celiac trunk from the anterior surface of the 
abdominal aorta at the typical vertebral level, between the 12th thoracic 
vertebrae (T12) and the 1st lumbar vertebrae(L1). It bifurcated into the left 
gastric and splenic arteries (Figure 2). The Gastro splenic trunk, according 
to the Uflacker’s system is classified as a type V variation of the celiac trunk 
(Table 1) [10].

The third branch that typically arises from the celiac trunk, the common 
hepatic artery branched off of the superior mesenteric artery commonly 
referred as Replaced Common Hepatic artery (RCHA)  [11]. Anatomical 
variations of the hepatic arterial system were classified by Michel’s; Hiatt 
later on modified Michel’s classification. We categorized our arterial findings 
based on both classifications.

The Superior mesenteric artery emerged one-centimeter inferior to the 
celiac trunk at the level of L1 vertebra. The common hepatic artery arises 
from the SMA or also called Hepatomensenteric trunk, which traversed 
on the superior border of the pancreas without perforating the pancreatic 
substance and then crossed the portal vein posteriorly shortly after its origin 
[12]. The branching pattern of the RCHA was unremarkable, it bifurcated 
posterior to the portal vein on the right side into a Gastro duodenal artery 
and an uncharacteristically short proper hepatic artery. The PHA quickly 
gave off the right gastric artery and then bifurcated into the right and left 
hepatic arteries that coursed anterior to the portal vein right before entering 
the liver. There was an additional anastomotic branch connecting the 
hepatomesenteric trunk and the splenic artery, providing communication 
between branches of the first two unpaired branches of the abdominal aorta 
(Figure 4). The branching pattern observed in the Donor’s abdominal aorta 
has been classified as a type IX Michel’s variation and type V according to 
Hiatt’s (Table 2). These replaced arteries are usually found running lateral 
to the portal vein, posterior to the head of the pancreas and entering the 
free edge of the hepatoduodenal ligament poster lateral to the common bile 
duct [13].

The abdominal aorta and the rest of its branches were inspected and 

dissected. The aorta was found to be tortuous in the thoracic cavity and 
followed the normal branching pattern.

The results reported here depart from the typical Michel’s Type IX 
classification in two areas: firstly, the replaced CHA coursed on the superior 
border of the head and neck of the pancreas, rather than through its 
substance or posterior to it and secondly, the PHA runs anteromedial instead 
of the typical poster lateral route in relation to the CBD and posterior to the 
portal vein within the hepatoduodenal ligament. These variations have not 
been reported before and make our case report unique. 

Figure 3A) Photographic visualization of the anatomical variation on the 
abdominal aorta and hepatic triad. The celiac trunk (1) gives off only two branches: 
The left gastric (2) and splenic artery (3). The SMA or hepatomesenteric trunk (4) 
is giving off the replaced CHA (5) which courses posterior to the portal vein shortly 
after its origin. The replaced CHA then bifurcates into the PHA (7) and the GDA 
(6). The PHA gives off the right gastric artery (8) before it bifurcates into RHA (9) 
and LHA (10). An anastomotic branch (12) is present between the splenic artery and 
the hepatomesenteric trunk. The common Bile duct (11) is the most posterolateral 
structure in the hepatic triad

 

Figure 3B) Photographic visualization of the anatomical variation with the 
stomach reflected, exposing the formation of the portal vein by the junction of the 
superior mesenteric vein (8) and splenic vein (9). The course of the replaced CHA 
(5) on the superior border of the neck and head of the pancreas. The neck was cut 
and dissected to expose the continuation of the SMA (7) and the SMV (8) that is 
imbedded within the substance of the pancreas. The anastomotic (6) branch is better 
visible as the stomach is reflected

 

Figure 2) Illustration of the variant identified in this case. An incomplete 
celiac trunk in its typical location, bifurcating into left gastric artery and splenic 
artery (gastrosplenic trunk). The replaced CHA originating from the SMA 
(hepatomesenteric trunk). An anastomotic branch is seen in between splenic 
artery and hepatomesenteric trunk

Type Variation

I Classic celiac trunk

II Hepatosplenic trunk

III Hepatogastric trunk

IV Hepatosplenomesenteric trunk

V Gastrosplenic trunk

VI Celiac-mesenteric trunk

VII Celiac-Colic trunk

VIII No Celiac trunk

TABLE 1 

Celiac trunk variations. Uflacker’s classification.
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Portal vein variations were reported earlier [14]. Portal vein is formed by 
selective involution of vitelline veins and dorsal anastomotic network 
surrounding the duodenum [15]. The embryological variations related to 
celiac trunk and the superior mesenteric artery were studied [16,17}. The 
ventral splanchnic (vitelline) arteries arising from the abdominal aorta 
gradually fuse and form the arteries in the dorsal mesentery of the gut. 
Initially, the roots are connected by ventral longitudinal anastomosis which 
later disappear to form the arteries of the primordial gut. The development 
of celiac trunk is through the union of the first three roots that represent the 
left gastric artery, the splenic artery and the common hepatic artery. In our 
case, longitudinal anastomosis associated with the first two roots regressed 
in a normal manner, while the one associated with the third root did not 
form and further arose from the fourth root. The fourth root gives rise to 
superior mesenteric artery that supplies the midgut. It has been reported 
that celiac mesenteric variations occur due to persistent ventral longitudinal 
anastomoses and uncommon regression of roots of vitelline arteries [18]. The 
current donor has a hepatomesenteric trunk that most likely arose from the 
fourth root [19].

In the past, variations in portal vein and arterial branching and patterns 
were clinically irrelevant, nowadays this tendency has changed.  Recent 
studies have demonstrated that patients with variants in the celiac trunk 
had longer surgical time and more blood loss, compared to patients who 
displayed normal anatomy. In this way, angiographic studies are encouraged 

Hepatic arterial 
system

Michel’s 
Classification

Hiatt 
Classification

Normal anatomy Type I Type I

Replaced LHA originating from LGA Type II Type II

Replaced RHA originating from 
SMA

Type III Type III

Type I and II association Type IV Type IV

Accessory LHA originating from 
LGA

Type V Type II

Accessory RHA originating from 
SMA

Type VI Type III

Accessory LHA originating from 
LGA + accessory RHA originating 

form SMA

Type VII Type IV

Accessory LHA originating from 
LGA + replaced RHA originating 

from SMA

Type VIII Type IV

CHA originating from SMA Type IX Type V

RHA and LHA originating from 
LGA

Type X -

CHA originating from the Aorta - Type VI

TABLE 2 

Hepatic arterial systems variations. Michel’s and Hiatt’s classifications.

in patients with whom variant anatomies are found in, not to simply end at 
the branching patterns and arterial origins themselves, but to pay attention 
to the vessels course as well. Our reported type IX displayed an unusual 
position in the hepatic triad, resulting in serious consideration of surgical 
planning before any major intervention such as liver transplant.

Ideally, detection of these variations should take place before surgery. 
Knowledge and establishment of variant arterial anatomy provides a quick 
and efficient method to avoid complications during and after surgery. The 
decision about surgical approach and intraoperative procedures by the 
surgical team, should be made taking these variations into consideration. In 
surgeries like pancreatoduodenectomy the main difficulties that could result 
in RCHA variation are partial liver ischemia and necrosis [20, 21]. Surgeons 
can benefit from early detection and so avoid iatrogenic complications and 
malpractice.

During surgery, palpation of the portal triad also serves as a heuristic approach 
to quickly recognize the vascular anatomy and determine significant arterial 
anomalies. An absent pulse in the free edge of the hepatoduodenal ligament 
would suggest a replaced CHA. Although 61% of patients display normal 
hepatic arterial anatomy, palpation of the arterial pulse is encouraged in 
routine operations in which the portal triad is involved [22].

Therefore, it is crucial to detect variations in celiac trunk and superior 
mesenteric artery, which will help in avoiding complications associated 
with invasive upper abdominal procedures such as liver transplants, 
hepatobiliary interventions, laparoscopic surgeries, chemoembolization of 
liver malignancies including minimally invasive radiological procedures [23].

CONCLUSION

The coexistence of variations like this could make the clinical diagnosis 
of disease of the aortic arch branches and vascular thoracic outlet 
syndrome difficult, particularly, when the subclavian artery is involved. 
It should also be emphasized that the existence of the scalenus minimus 
and the compartmentalization of the interscalene triangle could be a 
cause of brachial plexopathy or isolated ventral nerve root and/or arterial 
compression syndromes in any of these narrow triangular spaces. This would 
also complicate preprocedural diagnosis, intraprocedural approach and 
postprocedural outcomes when dealing with the roots of the brachial plexus 
and the subclavian artery in the triangle. Therefore, surgeons, radiologists, 
anesthesiologists and others involved in carrying out various procedures 
in these areas should be cognizant of such variations in order to make 
the correct diagnosis, apply the suitable approach and institute the proper 
treatment for a better clinical outcome.
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