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ANATOMIC VARIATIONS

Uncommon CT imaging of the hepatic falciform artery in patients
presenting with very unusual variants of gastrointestinal arteries:

report of two cases

Bruno Coulier!

Received: 7 October 2014/ Accepted: 16 March 2015/ Published online: 21 March 2015

© Springer-Verlag France 2015

Abstract The hepatic falciform artery (HFA) may be
found in 68 % of subjects in post-mortem dissections. It is
well known by interventional radiologists who perform
selective hepatic angiography. The reason essentially re-
sults from the potential supraumbilical skin complications
which may produce by the distribution of
chemotherapeutic agents through the HFA after tran-
scatheter chemoinfusion or chemoembolization for liver
tumors. Nevertheless, the spontaneous visualization of the
HFA remains very unusual in current abdominal CT
practice. We hereby report the demonstration of a patent
HFA during conventional abdominal CT in two patients
presenting without liver disease but in which very unusual
variants of the gastrointestinal arteries were simultaneously
found. The first patient had a common celiomesenteric
trunk and the second had a severe compression of both the
celiac trunk and superior mesenteric artery by the median
arcuate ligament of the diaphragm. We shortly review the
literature about these rare variants. We hypothesize that the
HFA was spontaneously visible in our patients because of
hypertrophy due supplying collateralization.
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Introduction

The hepatic falciform artery (HFA) is essentially known by
interventional radiologists who perform selective hepatic
angiography. They are aware of the potential supraum-
bilical skin complications which may produce by the
inadvertent distribution of chemotherapeutic agents
through this artery when they perform transcatheter
chemoinfusion or chemoembolization for liver tumors.
Otherwise the spontaneous visualization of the HFA is very
uncommon in current abdominal CT practice. We recently
visualized a patent HFA during conventional abdominal
CT in two patients presenting without liver disease but
presenting very unusual variants of their gastrointestinal
arteries. One had a common celiomesenteric trunk and the
other had a severe compression of both the celiac trunk and
superior mesenteric artery by the median arcuate ligament
of the diaphragm. We shortly review the literature about
these rare variants and hypothesize that the HFA was
spontaneously visible because of hypertrophy due supply-
ing collateralization.

Report of cases
Case 1

A 59-year-old man with a history of alcoholism and Kor-
sakov syndrome presented with decrease of appetite and
weight loss related to dysphagia for liquids and solids.
Fibroscopy and Computed Tomography of the upper air-
ways revealed an extremely invasive and circumferentially
infiltrative tumoral process of the susglottic area. The tu-
mor extended from the epiglotte to the hypopharynx. At
admission, the patient already presented with episodes of
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false swallowing. Given to the risk of exacerbation of these
episodes during radio-chemotherapy a preventive gastros-
tomy was proposed. Gastrostomy performed during gas-
troscopy was considered impracticable because of the high
position of the stomach in this obese patient. Surgical
gastrostomy was performed through sus-ombilical laparo-
tomy. Twenty-four hours later the patient suddenly devel-
oped hypovolemic shock. Contrast enhanced emergency
CT (Fig. 1) demonstrated massive hemoperitoneum. An
active bleeding puddle was found just on the midline of the
anterior epigastric area straddling the demarcation between
properitoneal fat and the peritoneal cavity just under the
level of the laparotomic scar. Post processing with maximal
intensity projection (MIP) and volume rendering views
(VR) (Fig. 2) diagnosed that bleeding site was feed by the
hepatic falciform artery (HFA) clearly emerging from the
proper hepatic artery. Emergency reintervention was
performed.

Case 2

A 36-year female was referred to our department of med-
ical imaging for Multidetector Angio-CT of the renal ar-
teries in a context of arterial hypertension. The patient was
absolutely free of any abdominal symptom. The renal ar-
teries appeared normal but the attention was immediately
focused by the convolutions of a very large and tortuous
artery crisscrossing through the transverse mesocolon in
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Fig. 1 Case 1: full coronal (a) and sagital medial (b) MPR views
obtained during the arterial phase of contrast enhanced abdominal
MDCT. A large amount of hemorragic ascitis (grey arrow) with
massive fresh clots (white arrows) is found in the peritoneal cavity.
An active bleeding puddle (small black arrows) is found just on the
midline of the anterior epigastric area straddling the demarcation
between properitoneal fat and the peritoneal cavity. It is situated just
in front of the laparotomy site
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front of the small intestine. Volume rendering reconstruc-
tions (Fig. 3) showed that it represented a major enlarge-
ment of the arcade of Riolan and of the inferior mesenteric
artery (IMA). The reason of this hypertrophy was a major
compression not only of the superior mesenteric artery
(SMA) but also of the celiac trunk (CT) by the median
arcuate ligament (MAL) of the diaphragm. The CT, SMA
and the gastro-duodenal artery also had a rather small
caliber and classical hypertrophy of the arterial pancreati-
coduodenal arcades were also absent. Maximal intensity
projection (MIP) (Fig. 4) and selective 3D volume ren-
dering views of the hepatic artery (Fig. 3c, d) also illus-
trated the course of a long and tortuous hepatic falciform
artery (HFA) anastomosing with the superior epigastric
artery.

Discussion

A perfect knowledge of the arterial hepatic vasculature is
of primordial importance in several liver pathological
conditions comprising orthotopic liver transplant, living
donor liver transplantation and in the chemotherapy
treatment of hepatic tumors. The presence of hepatic ar-
terial variant is a condition with a high prevalence. Today
multidetector computed tomography (MDCT) precisely
analyses the hepatic arterial tree configuration. Recently
Saba [15] observed anatomic variations in 38.73 % of
patients in a large extensive MDCT study on 1910
patients.

Moreover, nonhepatic arteries (NHAs) commonly arise
from the hepatic arteries. Song [16] found a prevalence of
NHAs in 82 % of a series of 220 patients studied with
digital subtraction celiac arteriography and selective left
hepatic arteriography. NHAs emerge especially from the
left hepatic artery (68 %) and from the proper hepatic
artery. The most common NHA is the right gastric artery
followed by the hepatic falciform artery (HFA). Accessory
left gastric artery, posterior superior pancreatico duodenal
artery and left inferior phrenic artery have a much lower
prevalence. The most common origin of the right gastric
artery and HFA are the proper hepatic artery and the seg-
ment 4 hepatic artery [1, 5, 16].

The falciform ligament is the embryologic remnant of
the ventral mesentery and marks the separation of the left
lobe of the liver into the medial and lateral segments.
Arising most commonly as a small terminal branch of the
proper or left hepatic artery, the HFA runs through this
hepatic falciform ligament, distributes itself around the
ombilicus and communicates with branches of the superior
and inferior epigastric arteries [1, 5, 8].

The presence of an angiographically identifiable HFA is
reportedly found in about 2 % of cases. However, a patent
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Fig. 2 Case 1: sagital oblique
maximal intensity projection
(MIP) view (a), selective 3D
volume rendering of the main
hepatic artery (b) and of the
common celiomesenteric trunk
(c) and axial oblique MIP view
of the hepatic artery

(d) illustrate the hepatic
falciform artery (HFA) (white
arrows) feeding the bleeding
puddle (black star on a, b) just
in front of the laparotomy site
(white star on a). This HFA
emerges from the proper hepatic
artery (small grey arrow). Black
arrowhead (on

b) = gastroduodenal artery.
Grey arrowhead (on b,

¢) = gastroepiploic artery.
White arrowhead (on

b) = main common hepatic
artery and grey arrow (on

¢) = short an thin superior
mesenteric artery. Small white
arrow (on b) = left hepatic
artery

falciform artery has been identified in as many as 68 % of
postmortem dissections [16]. This high degree of discrep-
ancies between angiography and dissection may be due to
the slow velocity of the small terminal branches of the
HFA, which prevents the vessel from being visualized
during the early arterial angiographic phases [1, 5]. The

HFA is more easily recognized in the capillary or venous
phase of angiography because the contrast medium remains
within this small vessel [5]. Anastomoses with the superior
epigastric artery flowing toward the HFA may also washout
the contrast within the HFA may be responsible of its non
visualization [5].
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Fig. 3 Case 2: anterior (a) and
lateral (b) selective 3D volume
rendering views of the
gastrointestinal arteries. The
celiac trunk (black arrow) and
the superior mesenteric artery
(short black arrow) appear of
relatively small caliber and their
emergences from the aorta are
extremely constricted at the
level of the arcuate ligament of
the diaphragm (white
arrowhead). The
gastroduodenal artery also has a
rather small caliber (white star).
A long and large tortuous
anastomosis from a large
inferior mesenteric artery
provides general substitution
(white arrows). A small
aneurysm is visible on the
anastomosis of the
gastroduodenal artery and the
superior mesentery artery (in the
white circle). Anterior (¢) and
lateral (d) selective 3D volume
rendering views of the hepatic
artery (black star) show the
course of a long and tortuous
anastomosis between the
falciform (small black arrows)
artery and the superior
epigastric artery (long white
arrows)
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The clinical significance of the HFA (essentially de-
scribed during angiographic studies) has been discussed
with reference to two main aspects [5]. First, rare tumors
originating from the hepatic falciform ligament are fed by
this artery. Second, regarding interventional radiology,
supraumbilical skin complications after transcatheter
chemoinfusion or chemoembolization for liver tumors have
been shown after inappropriate ischemia and/or toxicity of
injected anti-cancer or occlusion material within the ana-
tomic territories disserved by the HFA [5, 7]. Fortunately
adverse supraumbilical skin injury after hepatic tran-
scatheter chemotherapy remains rare events in contrast
with the high prevalence of the HFA [5]. The reason is the
presence of constant anastomoses with the internal thoracic
and superior epigastric arteries through the falciform liga-
ment. Due to their preferential hepatopetal flow these
anastomoses may protect the blood supply of the
supraumbilical skin and thus prevent toxic effects of
chemotherapeutic drugs [6].
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Recently a propective study [19] demonstrated that the
detection rates of the HFA with CT hepatic arteriography
(thus dynamically performed through a catheter directly
positioned in the hepatic artery) was far higher (77 %) than
those obtained through conventional angiography and
conventional dynamic CT (respectively, 37 and 10 % in
this study). Song [16] also demonstrated the falciform
artery in 51.6 % of patients using ultra selective
arteriography.

In these reported studies, the rather great prevalence of
the HFA may be due to the fact that the patients had
pathologic livers. Indeed in patients with chronic liver
disease, the hepatic arteries have been found being sig-
nificantly enlarged compared with those of normal subjects
[19]. Since the HFA is one of the terminal branches of the
hepatic artery, it is reasonably estimable that this HFA can
also be dilated as the hepatic artery expands.

Although, to our knowledge, there are no studies re-
porting the prevalence of the HFA detection during
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Fig. 4 Case 2: a series of three axial MIP views obtained at the level
of the falciform ligament (a—c) and another series of coronal MIP
views at the same level (d—f) clearly illustrate the long tortuous
anastomosis between the falciform (small white arrows) artery and

dynamic CT studies in healthy patients it is our opinion,
based on our long personal experience with 64-row mul-
tidetector CT, that this prevalence remains extremely low.

In both reported cases it is likely that the HFA was
visualized because it was enlarged by a compensatory
phenomenon related to the critical state of digestive arteries
of the patients. For the same reason it is also likely that
blood flow in these HFAs was preferentially hepatopetal.

Variants of the celiac and hepatic arteries influence the
prevalence and sites of origin of nonhepatic arteries [16]. In
the first reported case the left hepatic artery emerged from the
main hepatic artery proximally from the gastroduodenal artery
and the bleeding HFA came from the right hepatic artery.

Moreover, in this first reported case these relatively
atypical hepatic arterial anatomy was associated with the
presence of a common celiomesenteric trunk (CMT), an-
other very uncommon variant accounting for only
0.25-1 % of all celiac axis abnormalities in previous re-
ports [11, 12] and found in 3.4 % of a very recent extensive
multidetector computed tomographic (MDCT) study of
1500 patients [21].

the superior epigastric artery (small black arrow). The long and large
tortuous anastomosis from the large inferior mesenteric artery (white
arrows), the gastroduodenal artery (star) and the small caliber
superior mesenteric artery (grey arrow) are also visible

During the embryologic development, abdominal arter-
ies arise from the primitive dorsal abdominal aorta from
four superposed roots: the left gastric artery, the hepatic
artery, the splenic artery and finally superior mesenteric
artery (SMA). These roots are joined together by a longi-
tudinal ventral anastomose. Normally a cleft forms on this
anastomose between the third and fourth roots. This cleft
isolates the celiac trunk (CT) components (left gastric
artery, hepatic artery and splenic artery) from the more
distal SMA. As a result the orifice of the CT and of the
SMA are normally classically separated. The persistence of
the complete ventral anastomose gives the rare CMT [12].

A patient with CMT is potentially deprived of some of
the protective benefits of dual origin vessels with multiple
mutually supporting anastomoses. Occlusion or proximal
stenosis affecting a common CMT can have serious is-
chemic consequences to the intestine because the classical
redundancy between the celiac and superior mesenteric
arterial circulation is absent [11]. Moreover any disorder
involving the common CMT (dissection, thrombosis, em-
boly, and atheromatosis) or an extensive surgery (for
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example a Wipple’s procedure) may have dramatic con-
sequences on the major abdominal viscera [12, 21].

The second reported case of spontaneous visualization
of HFA was also associated with an exceptionally rare
pattern of digestive arterial vessels. There was a simulta-
neous compression of the CT and of the SMA by the
median arcuate ligament (MAL).

The MAL is a archlike tendinous band connecting both
diaphragmatic crura at the level of the aortic hiatus, pos-
terior and superior to the origin of the CT at the level of the
first lumbar vertebra [3, 10, 11, 13]. A low insertion of the
MAL or a high origin of the visceral arteries may cause
extrinsic compression of the CT, the SMA and sometimes
of the renal arteries. Compression typically increases dur-
ing expiration. The etiology of this type of compression is
not clear. It has been suggested that these compressions are
not congenital but may be favored by changes in the re-
lationships between the aorta and musculoskeletal struc-
tures over time. An indentation or a compression of the CT
can be found in 10-24 % of the population [11]. It is
usually a fortuitous finding and most cases are asymp-
tomatic. It is due to the rich collaterals between SMA and
the CT, usually consisting of prominent and tortuous hy-
pertrophy of the pancreatico duodenal arcades [11].

Thus the MAL syndrome—also called celiac artery
compression syndrome or Dunbar syndrome—remains
very debated and controversial [4, 9, 10, 13].

The major argument against MAL syndrome as a source
of symptomatology is drawn from the observed high fre-
quency of asymptomatic isolated celiac trunk compression
and the idea that rich collateral circulation that exists in the
splanchnic circulation prevents ischemia in the presence of
single-vessel disease [4]. This controversed syndrome
usually occurs in younger women and encompasses a
constellation of clinical symptoms commonly comprising
postprandial epigastric abdominal pain, weight loss, nausea
and emesis [10, 17]. The diagnosis is difficult based on
suggestive symptoms, typical imaging findings and com-
plete exclusion of other cause. Consequently the surgical
treatment of the MALs also remains controversial and
questionable. Some vascular surgeons believe that two of
the three mesenteric arteries must be occluded or severely
stenotic to produce symptoms of chronic mesenteric is-
chemia, although this view has been refuted by others [10].

In severe CT compression, the hepatic arterial supply is
provided by the SMA via the pancreatico duodenal arcades.
The proper hepatic artery is then reverse vascularized by
the gastroduodenal artery [3].

Curl et al. [2] reported one of the first cases of hemo-
dynamically significant compression of both the SMA ant
the CT by the MAL. Nevertheless, this type of double
compression has only been infrequently reported. Only 4 of
the 51 patients with MAL syndrome reported by Reilly had
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both CT and SMA compressions [14]. Kopecki [9] and
Doyle [4] also reported other isolated cases.

This type of rare compression of both the TC and SMA
by the MAL is clearly found in our second reported case.
Moreover, this case also clearly illustrates very unusual
findings that boost the controversial debate on the MAL
syndrome.

First our patient was completely asymptomatic despite
the major compression of two main vessels. Then the
major compression of the TC in our case was not com-
pensated by the usual hypertrophy of the pancreatico
duodenal arcades. The reason was of course the simulta-
neous compression of the AMS. This particular situation
could explain the presence of enlarged umbilical artery
which undoubtedly supplied the hepatic artery by classical
anastomose with the internal thoracic and superior epi-
gastric arteries. Finally the complete main supply of the
entire gastrointestinal tract was nearly exclusively ensured
by a large and extremely tortuous and hypertrophic arcade
of Riolan (classically described as connecting the middle
colic branch of the SMA with the left colic branch of the
inferior mesenteric artery). This unique supply is of
considerable importance for the patient especially in case
of eventual surgery of the aorta or in the territory of the
inferior mesenteric artery [3].

Moreover, our patient also presented with a small
aneurysm developed on the anastomose of the gastroduo-
denal artery with the SMA. CT stenosis or occlusion—and
compression by the MAL is considered to be one of the
common causes of CT stenosis—is known to be one of the
main factors for increased collateral circulation and
aneurysms, which account for about 50-60 % of all pan-
creatico duodenal artery aneurysms [18, 20]. Similarly,
there have also been several reports regarding gastroduo-
denal artery aneurysm or jejunal artery aneurysm in asso-
ciation with celiac trunk axis stenosis as reported in our
second case. Indeed altered hemodynamics changes in the
vascular networks, particularly increased flow through the
pancreaticoduodenal arcades, may be related to aneurysm
formation. These hemodynamic changes may possibly af-
fect the wall shear stress of the arteries and a close rela-
tionship between a high wall shear stress and the initiation
of aneurysm formation has already been demonstrated in
animal models [18, 20].
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