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PICTORIAL ESSAY

CT angiography of the celiac trunk: anatomy, variants and

pathologic findings

Nilgiin Isiksalan Ozbiilbiil

ABSTRACT

Celiac trunk variants and pathologies are relatively common
occurrences. With the advent of computed tomography (CT)
technology, these conditions are being diagnosed with an
increased frequency even among asymptomatic patients. CT
angiography is used noninvasively for preoperative staging
and vascular mapping in patients with pancreatic and hepa-
tobiliary neoplasm. Multidetector-row CT (MDCT) also allows
the accurate depiction of the abdominal splanchnic vessels for
stenosis, collateral vessels and atherosclerotic plaques. In this
study, we describe the normal anatomy and variants of the
celiac trunk as well as associated pathologic conditions, such
as stenosis, occlusion, aneurysm and median arcuate ligament
compression syndrome. The overall aim of this study was to
emphasize the clinical importance of these abnormalities.
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age hepatic tumors and liver transplantation, the accurate de-

piction and definition of the celiac trunk and its branches have
important clinical implications. With the recent advent of CT technol-
ogy, multidetector-row CT (MDCT) has become a valuable tool for the
visualization of the celiac trunk and its branches. Moreover, reformat-
ted three-dimensional MDCT images allow detailed visualization of the
complex vascular anatomy. Therefore, small vessel abnormalities may
be detected with greater frequency in symptomatic and asymptomatic
patients using these techniques.

The aim of the present study was to illustrate the normal anatomy
and variants of the celiac trunk as well as associated pathologic condi-
tions, such as stenosis, occlusion, aneurysm and median arcuate liga-
ment compression syndrome.

B ecause of the development of interventional techniques to man-

Materials and methods

We retrospectively reviewed our archives for celiac trunk pathologies
in patients who had undergone abdominal MDCT angiography exami-
nation. All of the patients had undergone CT angiography for the ab-
dominal aorta and its branches using 16- or 64-row CT units (Lightspeed
16, GE Medical Systems, Milwaukee, Wisconsin, USA; or Aquilion 64,
Toshiba Medical Systems, Tokyo, Japan). Because the accompanying
pathologies of the celiac trunk and its branches can cause some abnor-
malities associated with other mesenteric vessels, we usually include
the superior and inferior mesenteric artery in the scanning area. Con-
sequently, the area from the level of the diaphragm to the iliac bifurca-
tion is scanned. The scanning parameters are as follows: detector con-
figuration of 16 x 0.625 mm or 64 x 0.5 mm; 120 kVp; 120-170 mAs;
pitch of 1.3-1.5; and gantry rotation time 500 ms or 350 ms. We do not
routinely use water as the oral contrast material to distend the stomach
and proximal small bowel. We use an 18 G IV line in the antecubital
vein and the same contrast material injection protocol independently of
the CT scanner used. Approximately 100-110 mL of nonionic contrast
material (350 mgl/mL) is injected with an automatic double-head power
injector at a flow rate of 4 mL/s.

In the 64-slice CT scanner, the scan delay is set using automated bolus-
tracking software (SureStart, Toshiba Medical Systems) to capture 150
HU of the abdominal aorta at the level of the celiac trunk. In the 16-slice
CT scanner, the scan delay is set manually using semi-automated bolus-
tracking software (Smartprep, GE Medical Systems) to capture 100 HU
of the abdominal aorta at the level of the celiac trunk. Both 3-mm and
1-mm thick images are reconstructed on both the 16- and 64-slice CT
scanners and then transferred to dedicated workstations (AW 4.2, GE
Medical Systems; or Vitrea 4.1.2, Toshiba Medical Systems) to build mul-



Figure 1. Conventional hepatic arterial anatomy in a 48-year-old man.
Volume-rendered three-dimensional image created from CT angiography
data showing the conventional visceral anatomy. The celiac axis (thick solid
arrow) trifurcates into the splenic artery (long arrows), common hepatic artery
(arrowhead) and left gastric artery (open black arrow). The common hepatic

artery bifurcates into the gastroduodenal artery (open white arrow) and the
proper hepatic artery. The proper hepatic artery bifurcates into the right
(small arrow) and left hepatic arteries (curved arrow).

tiplanar reformatted (MPR) and volume
rendered images. The images are evalu-
ated using three-dimensional imaging
with combined maximum intensity
projection (MIP) and volume render-
ing (VR) techniques. Because the celiac
trunk and its origin are clearly visible
on the sagittal plane, we prefer the sag-
ittal plane to review these vessels.
With MDCT scanners, the ability
to rapidly scan large volumes tends
to cause the operator to increase the
volume along the z-axis (1). As the to-
tal radiation dose delivered is directly
proportional to the scan range, precise
adjustment of the scan coverage is im-
portant for optimization of the dose
length product (DLP) (1). Therefore, z-
coverage should be adapted to the clin-
ical indication and to possible alterna-
tive diagnoses. In general, CT dose can
be decreased despite a constant image
quality when using newer generations
of MDCT scanners. The automatic ex-
posure control device, which is avail-
able for modern equipment, also re-
duces the tube current in thin patients
and increases it in overweight patients,
thereby tending to maintain the im-
age quality (1). However, if the same
settings for adults are used in children,
this results in a two-fold to four-fold
higher dose. Therefore, low kV settings
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Figure 2. A 49-year-old woman with a replaced right

hepatic artery from the superior mesenteric artery (SMA).
Volume-rendered three-dimensional image created from CT
angiography data showing the right hepatic artery (arrowheads)
originating from SMA (black arrow). Note the celiac artery
trifurcating into the left gastric artery (open black arrow), splenic
artery (long arrow) and common hepatic artery. The common
hepatic artery bifurcates into the left hepatic artery (curved
arrow) and gastroduodenal artery (open white arrow).

(80 kV) and adaptation of the mAs to
the weight of the child are required
(1, 2). The protection of non-scanned
organs is also essential in the pediatric
population. In pediatric groups, the
contrast injection rate is determined
by the size of the cannula with the
following parameters: the maximum
flow rates for automated injection are
2 mL/s with a 22 G catheter, 2.5 mL/s
using a 20 G catheter and 3.0-3.5 mL/s
with 18 G access (2). The total amount
of contrast material is calculated ac-
cording to the weight of the child (2.0
mL/kg) (2).

Normal celiac trunk anatomy and
variants

Celiac trunk anatomical variants are
not infrequent, and a priori knowledge
of any existing abnormalities is becom-
ing mandatory in planning surgical
and interventional procedures, espe-
cially in patients with pancreatic and

hepatobiliary malignancies. According
to conventional visceral anatomy, the
celiac trunk originates from the ab-
dominal aorta and gives origin to the
left gastric artery, the splenic artery,
and the common hepatic artery (Fig.
1). The common hepatic artery ex-
tends anteriorly and bifurcates into the
gastroduodenal artery and the proper
hepatic artery. The proper hepatic ar-
tery extends cephalad, runs to the left
side of the common hepatic duct and
then bifurcates into the right and left
hepatic arteries typically immediately
below the bifurcation of the common
hepatic duct. Variant hepatic and celi-
ac arterial anatomies have been report-
ed in 55% of patients based on initial
cadaveric dissections by Michels (3).
According to Michels’ classification,
the most common variant is a replaced
right hepatic artery originating from
the superior mesenteric artery (Fig. 2).
It is important to recognize a replaced
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(open black arrow) arises from the aorta.

Figure 5. a, b. A 46-year-old woman with separate origins of common
hepatic and splenic arteries. Thick-slab maximum intensity projection (MIP)
axial (a) and volume-rendered three-dimensional images (b) created from
CT angiography data showing separate origins of the common hepatic
(arrowhead) and splenic arteries (long arrow) from the aorta. The left gastric
artery originates from common hepatic artery (not shown).

right hepatic artery when performing
pancreaticoduodenectomy and for
porta hepatis dissection during hepatic
resection. In contrast, the right he-
patic artery usually courses anterior to

Figure 3. A 61-year-old man with a common trunk of the celiac axis and
the superior mesenteric artery (SMA). Volume-rendered three-dimensional
image created from CT angiography data showing the celiac axis (thick
solid arrow) and SMA (black arrow) originating from the abdominal aorta
as a single trunk. The splenic artery (long arrow) and the common hepatic
artery (arrowhead) originate from the celiac axis. The left gastric artery

Figure 4. A 57-year-man with a variation in the origin of the
common hepatic artery. Volume-rendered three-dimensional
image created from CT angiography data showing the common
hepatic artery (arrowhead) originating from the superior
mesenteric artery (SMA) (black arrow). The common hepatic
artery bifurcates into the gastroduodenal artery (open white

‘ "

arrow) and the proper hepatic artery. The right hepatic artery
(small arrow) and the left hepatic artery (curved arrow) originate
from the proper hepatic artery. Note the left gastric artery (open
black arrow) originating from the splenic artery (long arrow).

the right portal vein, and the replaced
right hepatic artery originates from
the SMA, which courses posterior to
the main portal vein in the portocaval
space. MDCT angiography has a report-
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ed accuracy of 97% to 98% compared
with conventional angiography for the
detection of arterial variants (Figs. 3-6)
(4, 5). The preoperative knowledge of
these variants has tremendous surgical
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significance when laparoscopic proce-
dures or liver surgery are planned due
to limited vision of the surgical field.
Moreover, recognition of the aberrant
vessels can also be useful in transcath-

eter arterial chemoembolization and
radioembolization.

Median arcuate ligagment syndrome

The median arcuate ligament (MAL)
is a tendinous band that connects the
medial borders of the crura of the dia-
phragm on either side of the aortic hia-
tus, posterior and superior to the ori-
gin of the celiac axis. A low insertion
of the MAL or a high origin of the ce-
liac or renal artery may cause extrinsic
compression of the celiac, mesenteric
and renal arteries from their anterior
borders by this ligament (6). The eti-
ology of this compression is not clear.
However, it is thought to be due in part
to the variable migration of the celiac
trunk origin during embryogenesis.
Thony et al. (7) have suggested that
these compressions are not congenital
but may be favored by changes in the
relationships between the aorta and
musculoskeletal structures over time.
Most celiac compressions present with
no symptoms due to the rich collater-
als between the superior mesenteric
artery and the celiac artery. Color Dop-
pler sonography has been used as a
noninvasive technique to document
increases in flow velocities during end
expiration. The increased flow velocity
during deep expiration is known as the
“Doppler duplex sign of celiac artery
compression syndrome” (8). The MAL
itself and its relation to the celiac ar-
tery can be shown accurately and non-

Volume 17 ¢ Issue 2

invasively with multiplanar images
and three-dimensional angiograms on
MDCT; therefore, this technique seems
to be the most appropriate modality
to diagnose MAL syndrome. Catheter
angiography can suggest the diagnosis
of compression to a variable degree in
10% to 50% of patients, but the MAL
cannot be visualized using this tech-
nique. The diagnostic criteria for ex-
trinsic compression of the diaphragm
by the MAL are the direct visualization
of the MAL on MDCT and detection of
the characteristic superior notch forma-
tion on celiac angiograms. The degree
of stenotic changes on celiac artery an-
giograms has been shown to increase
with expiration and decrease or disap-
pear with inspiration. Sagittal MPR or
three-dimensional images reveal focal
narrowing and acute downward angu-
lation of the proximal portions of the
celiac axis. When a hooked appearance
due to the kinking (especially in the
proximal portion of the celiac artery)
and indentation of the adjacent aortic
border are observed, they can be used
as criteria to distinguish this entity
from atherosclerotic stenosis (Fig. 7)
6,9).

Celiac trunk aneurysm

Celiac trunk aneurysms represent a
rare form of aneurismal disease that ac-
counts for 4% of all splanchnic aneu-
rysms (10). Moreover, the incidence of
associated aneurysms is significant. Ap-
proximately 20% of patients will have
an associated aneurysm, and 38% will
have a second splanchnic artery an-
eurysm (11). Celiac artery aneurysms
typically occur in the sixth decade

Figure 6. A 65-
year-old man with a
replaced right hepatic
artery from the aorta.
Volume-rendered
three-dimensional
image created from

CT angiography

data showing the

right hepatic artery
(arrowheads) originating
from the aorta. The
long arrow indicates
the splenic artery; open
black arrow, left gastric
artery; curved arrow,
left hepatic artery;
open white arrow,
gastroduodenal artery;
black arrow, superior
mesenteric artery.

of life. The most common etiological
cause is atherosclerosis; however, other
causes include infection, tuberculosis
or syphilis, trauma, fibromuscular dys-
plasia and polyarteritis nodosa. The
majority of patients who proceed to
diagnosis are symptomatic. The most
common symptom is abdominal pain.
Aneurysm rupture remains the major
complication, and in most cases, they
rupture into the peritoneal cavity. The
rupture of celiac artery aneurysms into
the gastrointestinal tract presents with
hematemesis and bright red blood
from the rectum. However, with recent
advances in noninvasive imaging tech-
niques, more cases are being detected
prior to rupture. Rupture is difficult to
predict and nearly always fatal when it
occurs. Other documented complica-
tions include thromboembolic events.
The exact presentation depends on the
degree of involvement of the branched
vessels of the celiac artery. Catheter
angiography has been the traditional
means of diagnosis. However, three-di-
mensional imaging with MDCT, which
permits visualization of the aorta and
its branches, may detect aneurysms
with greater frequency in symptomat-
ic and asymptomatic patients (Fig. 8)
(10-13). Elective repair of a detected
celiac artery aneurysm decreases the
mortality rate to 5%. Celiac artery an-
eurysms can be treated either surgically
by revascularization or arterial ligation,
or by endovascular interventional ra-
diology techniques. Surgical repair is
indicated for symptomatic aneurysms
(i.e., aneurysms larger than 3 cm) or
for patients in whom the aneurysm is
enlarging rapidly (10).
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Figure 7. a—c. A 49-year-old man with median arcuate
ligament (MAL) compression. Thick-slab maximum
intensity projection (MIP) axial image (a) revealing the
area surrounding the celiac axis origin representing the
thickened MAL (arrow); sagittal multiplanar reformatted
image (b) showing the MAL (arrows) compressing the
proximal celiac artery; and volume-rendered three-
dimensional (c) image created from CT angiography
data showing the classical hooked appearance of the
celiac artery (short arrow). The origin of the SMA is
obscured by the splenic artery (long arrow).
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‘ Figure 8. a, b. A 72-

year-old man with celiac

. artery aneurysm. Thick-

slab maximum intensity
projection (MIP) axial
image (a) revealing celiac
artery aneurysm (thick white
arrow) and trifurcation
(common hepatic artery,
arrowhead; splenic artery,
thin white arrow). Volume-
rendered three-dimensional
image (b) created from CT
angiography data clearly
depicting the relationship
of the aneurysm with the
celiac arterial branches.
The origin of the superior
mesenteric artery (SMA) is
not visible due to occlusion.
The distal portion of the
SMA (thick black arrow)

is filled by retrograde
collateral flow via the
pancreaticoduodenal
arcade. Note the enlarged
inferior mesenteric artery
(thin black arrow).
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Figure 9. A 68-year-old man with celiac artery ste

nosis due to atherosclerosis. Volume-

rendered left anterior oblique three-dimensional image created from CT angiography data
showing significant stenosis of the celiac artery (white arrow) with calcified plaques and a
concomitant finding of non-significant stenosis of the superior mesenteric artery (black arrow).

Celiac artery stenosis and occlusion

The suggested causes of celiac trunk
stenosis are atherosclerosis, acute and
chronic dissection, and compression
of the celiac axis by the MAL (Fig. 9)
(14, 15). Pancreatitis and pancreatic
tumors have also been reported as eti-
ologic factors of celiac trunk stenosis
or occlusion (9, 14). Furthermore, eth-
nicity plays a role in the incidence of
these different etiologies; for example,
in Western populations, arterioscle-
rosis is reportedly the most common
cause of celiac stenosis (9). Bron and
Redman (16) noted an incidence of
12.5% among 713 patients referred for
abdominal aortography. One percent
of abdominal arteriograms detected
severe stenosis of the celiac axis. The
most common and important collat-
eral vessels from the SMA in patients
with celiac axis stenosis are the pan-
creaticoduodenal arcades and the
dorsal pancreatic artery. Severe ste-
nosis of the celiac artery is commonly
associated with enlargement of the
arteries of the pancreaticoduodenal
arcade. It is presumed that chronic
increased blood flow and turbulence
through the pancreaticoduodenal ar-
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cade weakens the arterial wall, which
causes dilatation and tortuosity that
ultimately leads to aneurysm forma-
tion (9, 15, 17). In the past, celiac axis
stenosis has been cited as a reason for
exclusion as a living liver transplant
donor. Akamatsu et al. showed that
donor hepatectomy could be safely
performed in the presence of signifi-
cant celiac artery stenosis (18).

In hepatic chemoembolization, ce-
liac axis stenosis increases the risk of
inadvertent splenic infarction due to
the reversed blood flow in the com-
mon hepatic or left hepatic artery.
Some authors have presented their
clinical results wusing transcatheter
arterial chemoembolization (TACE)
procedures performed via the inferior
pancreaticoduodenal arcade and the
occluded celiac axis. They concluded
that TACE from the arteries in front
of the confluence with the proper he-
patic artery seemed to be acceptable in
cases of hypervascular hepatocellular
carcinoma, which failed to be superse-
lectively catheterized (19).

However, clinically  significant
ischemic bowel disease secondary to
celiac axis stenosis is rarely encoun-

tered, mainly due to the development
of rich collateral vessels from the su-
perior mesenteric artery. In general,
all three vascular axes are variably
occluded or stenotic in chronic me-
senteric ischemia (Figs. 10 and 11).
Because of the extensive collateral ves-
sels between the vascular territories of
the three main splanchnic arteries, ab-
dominal angina tends to occur when-
ever at least two of the three vessels
are obstructed. The vessel lumen and
stenosis are well depicted by MDCT.
Thus, a clear diagnosis of atheroscle-
rotic changes in the aorta and obstruct-
ing atheroma at the celiac axis with or
without calcification can be achieved.
After intervention, MDCT can be used
as a noninvasive follow-up procedure
to identify restenosis (17).

Celiac artery occlusion is a common
finding in older adults, and stenosis is
present in up to 10% of patients un-
dergoing pancreaticoduodenectomy.
Pancreaticoduodenectomy for cancers
of the head of the pancreas involves
division of the gastroduodenal artery.
Moreover, celiac axis stenosis or occlu-
sion can lead to fatal hepatic ischemia
after pancreaticoduodenectomy unless
a simultaneous revascularization of the
celiac circulation is performed (20).

Isolated dissections of the mesenteric
arteries are rare (21). Patients typically
present with vague abdominal pain,
and therefore, CT is often the first im-
aging modality used to identify the
presence of a dissection. MDCT and
three-dimensional imaging can define
the dissection and assist in treatment
planning (Fig. 12) (21).

Conclusion

We have described several patho-
logic conditions of the celiac trunk,
as well as its normal anatomy and
common variants. In the past, pa-
tients with suspected vascular disease
required conventional angiography.
However, MDCT angiography has be-
come the primary tool for the evalu-
ation of patients with suspected ab-
normalities of abdominal vessels. The
celiac artery and its branches can be
easily identified on MDCT examina-
tions. In addition, three-dimensional
and multiplanar imaging offer de-
tailed non-invasive analyses of the
celiac trunk and its branches. Overall,
the benefits of MDCT can aid radi-
ologists in planning for surgeries and
other clinical interventions.
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Figure 11. a, b. A 63-year-old man with celiac artery
occlusion due to atherosclerosis. Thick-slab maximum
intensity projection (MIP) axial (a) image showing total
occlusion of the celiac artery (arrow). Note the diffuse
atherosclerotic changes in the abdominal aorta. Volume-
rendered three-dimensional image (b) created from CT
angiography data revealing occlusion of the celiac artery
(thick arrow). The long arrow indicates the splenic artery;
arrowhead, common hepatic artery; black arrow, superior
mesenteric artery.
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Figure 10. a—c. A 58-year-old
man with significant stenosis of
the celiac and superior mesenteric
arteries. Thick-slab maximum
intensity projection (MIP) axial
images (a) showing significant
stenosis of the celiac artery (white
arrow). Volume-rendered three-
dimensional image (b) created
from CT angiography data clearly
confirming significant stenosis

of the celiac artery (white arrow)
and SMA (thick black arrow). Note
the total occlusion of the inferior
mesenteric artery (thin black
arrow). An extensive collateral
network can be seen. Coronal
multiplanar reformatted image
(c) revealing gas in the portal vein
branches and in the bowel walls.
Note also the bowel dilatation.

Figure 12. A 59-year-old man with aortic dissection extending to the origin of
the celiac artery. Thick-slab maximum intensity projection (MIP) axial image
showing the aortic dissection extending to the origin of the celiac artery
(arrow). Note the celiac artery originating from the true lumen.
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