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Abstract

Objectives: Celiac Trunk (CT) is a vital artery and the first unmatched branch of the abdominal aorta, providing blood to upper
abdominal structures, particularly the liver, stomach, and spleen. It is essential to know its anatomy in terms of pancreas, spleen,
gallbladder, liver surgeries, and interventional radiological procedures such as chemoembolization. The aim of our study is to
contribute to the literature with the measurements of distances between the diaphragmatic crus and vascular structures with
their diameters, which have been studied insufficiently, and to detect the possible relationships between vascular variations and
collateral branches.

Methods: Imaging findings of 200 patients (114 males and 86 females), who underwent Multi-Section Computed Tomography
examination with various indications in our center between June 2016 and July 2020, were retrospectively analyzed. The statistical
relations between CT and Hepatic Artery variations, collateral formations, age, and gender were evaluated with the Spearman'’s
Rho Correlation Coefficient Test.

Results: The distance between the crus of diaphragm and CT was 4-60 mm (mean 24.3 mm), the distance between CT and supe-
rior mesenteric artery (SMA) was 2.5-35 mm (mean 8.6 mm), CT diameter was 4.6-9.4 mm (mean 7.3 mm), and the main hepatic
artery diameter was 2.4-5.8 mm (mean 4.1 mm). There was no correlation in our study between CT, Hepatic Artery variations, and
their collaterals (r in range of —20,124-0.116, p>0.05). It can be said that in cases of the single accessory left hepatic artery originat-
ing from the left gastric artery, such as Michel’s Type V and Type VIII, collaterals between common hepatic artery and SMA were
relatively more frequent (p=0.1).

Conclusion: Our study contributed to the literature by measuring the distance between diaphragmatic crus-vascular structures,
which has been little studied in the past. Frequencies of CT and Hepatic Artery variations that have been detected in our study are
similar to the results of the previous studies with non-malignancy patient groups.
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eliac trunk (CT) is the first unpaired branch of the ab- liver, stomach, and spleen. Pre-operative detection of the
dominal aorta and it is essential for surgeries as pro-  celiac artery and its branch common hepatic artery (CHA)
viding blood for upper abdominal structures, especially the  variations helps to prevent unexpected bleeding or isch-
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emia and to ensure the most effective results in planning
interventional radiological procedures such as chemoem-
bolization.['

Digital subtraction angiography (DSA) is still accepted as
the gold standard in demonstrating vascular structures;
however, itis now used much less frequently due to the fact
that it is an invasive procedure that has the risks of serious
complications. At present, multi-slice computed tomogra-
phy (MSCT) examination is primarily preferred instead.®

In our study, variations of CT and hepatic arteries with pos-
sible collateralizations in patients who had MSCT images
due to colorectal carcinoma were examined. Our research is
primarily concerned with radiological anatomy. The reason
we chose colorectal cancer patients as the study group is to
see if the frequency of variations in the celiac artery, hepat-
ic artery, and their collaterals differs between patients with
colorectal cancer and healthy people. If the variation and
collateral frequencies differ, we hoped to make predictions
about what might be causing this difference and to spark a
preliminary discussion for future studies that could be con-
ducted with different groups.

Methods

This study was approved by the Local Ethics Committee
(74791132-604.01.01/722).

A total of 200 patients (114 males and 86 females), who
were diagnosed with a colorectal cancer and had not un-
dergone any surgery involving the celiac or superior mes-
enteric arteries, scanned with MSCT for various indications
in our center between June 2016 and July 2020 were in-
cluded in the study. The age range of the patients was be-
tween 22 and 88 years and MSCT images were evaluated
retrospectively by two radiologists. The examinations were
performed with General Electric IQ™ 32-Detector Spiral
MSCT device with 120-130 kV tube voltage using 200-360
mAs value within 1.25 mm section thickness.

All patients were administered 1.5-2 ml/kg non-ionic con-
trast agent at 3-5 ml/s rate, and the images were taken in
the arterial and portal phases after the intravenous con-
trast agent.

Inferior phrenic arteries, CT, and superior mesenteric artery
(SMA) were defined in the images. Then, the distances be-
tween diaphragmatic crus and separation point of CT from
aorta and between CT and SMA were measured. In addi-
tion, the diameters of CT and CHA were included to the
measurements.

The variations of CT and hepatic arteries were evaluated,
respectively. Branching pattern of CT was distinguished ac-
cording to the Uflacker’s Classification, while the variations
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of hepatic arteries were categorized with the Michels’ and
Hiatt's classification.’® The presence and arising points of
common inferior phrenic artery (CIPA), right inferior phren-
ic artery (RIPA), and left inferior phrenic artery (LIPA) were
recorded.

Collateral arteries were identified.

Statistical Analysis

The statistical relations between CT and CHA variations,
collateral formations, age, and gender were evaluated with
the Spearman’s Rho Correlation Coefficient Test. All statis-
tical analyses were performed with the SPSS™ version 22
software (IBM Corporation NY, USA), and the level of signif-
icance was taken as 0=0.05.

Results

The mean age was 62.78 years, the standard deviation was
11.42 years, the interquartile range was between 57 and 70
years.

The distance between the diaphragm crus and CT varied
considerably, ranging from 4 mm to 60 mm (mean 24.3
mm). The distance between the CT and SMA was between
2.5 mm and 35 mm (mean 8.6 mm). The diameters of CT
and CHA were 4.6-9.4 mm (mean 7.3 mm) and 2.4-5.8 mm
(mean 4.1 mm), respectively.

The types and frequency of celiac artery variations accord-
ing to the Uflacker classification are summarized in Table
1. The types and frequency of hepatic artery variations ac-
cording to the Michels and Hiatt classifications are shown
in Tables 2 and 3.

Collateralization was found in 30 cases (15%). These anas-
tomoses were observed between the branches of SMA
and the branches of CHA in 20 cases (10%), the branches
of splenic artery (SA) and the branches of SMA in six cas-

Table 1. Distribution of celiac artery variations by Uflacker
classification

Type Variation Number (%)
I Complete trifurcation 185 (92.5)
Classical 74 (37.0)
Non-classical 111 (55.5)
Il Hepatosplenic trunk 2(1.0)
11 Hepatogastric trunk 1(0.5)
v Hepato spleno gastric trunk 1(0.5)
Vv Gastrosplenic trunk 7 (3.5)
Vi Celiacomesenteric trunk 2(1.0)
Vil Celiacocolic trunk 0(0.0)
Vil Absence of celiac trunk 2(1.0)
Total 200 (100.0)
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Table 2. Distribution of hepatic artery variations by Michels
classification. LHA, RHA, LGA, SMA, and CHA

Type Variation Number (%)
I Normal pattern 115 (57.5)
I Replaced LHA from LGA 19(9.5)
M Replaced RHA from SMA 22 (11/0)
\Y Replaced RHA and LHA 8(4.0)
Vv Accessory LHA 20(10.0)
Vi Accessory RHA 2 (1.0%)
vil Accessory RHA and LHA 3(1.5%)
VI Replaced RHA or LHA with 4(2.0)

other hepatic artery being

an accessory one

IX CHA as a branch of SMA 3(1.5)
X CHA as a branch of LGA 0(0.0
Out of the CHA as a branch of Aorta 4(2.0)
Michels
classification
Total 200 (100.0)

LHA: Left hepatic artery; RHA: Right hepatic artery; LGA: Left gastric
artery; SMA: Superior mesenteric artery; CHA: Common hepatic artery.

Table 3. Distribution of hepatic artery variations by Hiatt
classification. LHA, RHA, SMA, and CHA

Type Variation Number (%)
| Normal pattern 115 (57.5)
Il Replaced or accessory LHA 39(19.5)
I} Replaced or accessory RHA 24(12.0)
v Replaced or accessory LHA and RHA 15(7.5)

\% CHA as a branch of SMA 3(1.5)

Vi CHA as a branch of Aorta 4(2.0)
Total 200 (100.0)

LHA: Left hepatic artery; RHA: Right hepatic artery; SMA: Superior
mesenteric artery; CHA: Common hepatic artery.

es (3%), the branches of left gastric artery (LGA), and the
branches of SMA in four cases (2%). According to the Mi-
chel’s classification, CHA-SMA collateralization was detect-
ed in nine of the 116 Type | variations, in one of the 21 Type
Il variations, in two of the 23 Type Ill variations, in two of
the eight Type IV variations, in five of the 20 Type V varia-
tions, and in one of the four Type VIl variations. No collat-
eral formations were found in cases with Type VI, Type VI,
and Type IX variations.

No statistical correlation was detected between variations
of celiac artery-hepatic artery variations, and age or gen-
der. Moreover, there were no correlations between celiac
artery-hepatic artery variations, and collateral formations (r
in range of —0.124-0.116, p>0.05). Statistically, the lowest p
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value (p=0.1) was found between CHA-SMA collaterals and
Michel’s variations.

Discussion

DSA is considered the gold standard in the assessment of
vascular structures. However, in some variations, it is also
possible that some structures may be overlooked because
the vascular structure originates from points far from the
expected localizations in selective angiography.”! Also in
MSCT examinations, the vascular structures can be shown
in detail with short-term breath-holding.

The form of CT stated in anatomical textbooks consist-
ing of LGA, CHA, and SA is called complete CT. While all
three branches rise at the same point in the classical ap-
pearance, this is not as common as one of these three
branches separated earlier which is called non-classical
complete CT.

Normal mesenteric vascular anatomy consists of three
branches separated from the aorta. These branches are CT,
SMA, and inferior mesenteric artery. CT is generally divid-
ed into three branches. The first branch is LGA. The second
branch is the SA, giving rise to the dorsal and caudal pan-
creatic arteries, short gastric arteries, left gastroepiploic
artery, and posterior gastric artery branches. The third and
other major branch is CHA and the first branch of CHA is
the gastroduodenal artery (GDA). After the GDA branch,
the right gastric artery and the right hepatic artery (RHA)
and left hepatic artery (LHA) branches are separated.!'”

The type described by Vesalius in 1543 is in the form of
non-classical CT and showed LGA as the branch of SA.['!

In 1928, Adachi and Hasebe first classified the variations on
CT and its branches,'? Michel’s grouped these variations
into ten main groups.”

The reason why the variation rates were higher in some
cadaveric studies compared to radiological studies may
be attributed to the insufficiency of opacification of very
thin vessels. However, in some evaluations, it is argued that
radiological studies are more advanced in showing varia-
tions.'3!

Von Haller, a Swiss anatomist, and physiologist were the
first to describe CT branches and their variation and in some
references, this structure is still called the Tripus Halleri.'”

CT variations have been reported between 9% and 13% in
large series. Aslaner et al. showed the presence of 13.4%
CIPA, 32.4% RIPA, and 42.2% LIPA rising from CT.'

Incomplete CT subtypes were reported with a rate of 1.7-
25.3%, and gastrosplenic trunk (GST) (3-4%), hepatosplen-
ic trunk (HST) (2-5%), and hepatogastric trunk (HGT) was
found to be <1%. The absence of CT has been reported to
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be between 0.19% and 0.4%.""" Celiacomesenteric trunk
(CMT) varies between 0.3% and 0.62%, and incomplete
CMT between 0.16% and 0.37%.1'*'"! Celiacomesenteric
anastomoses were found between 0.04% and 0.13%.1"*
There are other variations for the CT that is not included in
the known classifications.!'®'?

The similarity of vascular variation frequencies in patients
with colorectal cancer who underwent abdominal MSCT
examinations with groups without malignancy suggests
that vascular variations are not associated with the devel-
opment of malignancy.

In the review publication of Matusz, it was shared that the
absence of CT was reported as 0-2% (mean 0.11) in ca-
daver dissection studies, 0-1.11% (mean 0.35) in surgical
series, and 0.1-1% (mean 0.12) in radiological studies.'”?
(Fig. 1)

After Adachi and Hasebe classified the CT variations in
1928, Morita classified the absence of CT in 1935. Dilli-Ba-
bu and Khrab evaluated the CT variations in 16 types, and
they aimed to complete the missing aspects of the previ-
ous classifications with the addition of CIPA, RIPA, and LIPA
variations that were not included in the previous classifica-
tion. However, the variations like the rare presence of ar-
teries (such as the middle colic artery or suprarenal artery),
or variations such as CHA, which do not participate in the
pentafurcation in the cadaver instead of the classical trifur-
cation by Nossol et al., did not find a place in this classifica-
tion.[12,20722]

While Ferrari et al. reported the rate of normal trifurcation
as 56.7%, and normal CHA as 60%.2% De Cecco et al. found
the variation rate as 34% in hepatic arteries.l**

Figure 1. Absence of Celiac Trunk (a) CHA and SA’s separation from
the aorta (b) LGA's separation from the aorta (the same patient),
black arrow: CHA, black arrowhead: SA, white arrow: LGA. CHA: Com-
mon hepatic artery, SA: Splenic artery, LGA: Left gastric artery.
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The least reported variation among incomplete CT varia-
tions is the gastrosplenomesenteric trunk, which we did
not encounter in our cases either.

In the description of Bergman et al., except for variations
reported in many other publications, one branch of the CT
can pass through the esophageal hiatus to feed the lower
middle quadrant of the right lung, or in the absence of one
of the CT branches, it can emerge as a common root with
the inferior phrenic artery and can be replaced by the right
middle adrenal artery and right gastroepiploic artery or,
more rarely, by another branch.?”!

Anastomoses are one of the variations that are not em-
phasized much in MSCT studies. These anastomoses can
be parietal or visceral. Parietal collaterals are defined by
inferior phrenic arteries, while visceral ones are defined
within middle colic, gastroduodenal, and pancreatic ar-
teries.[1326]

There is only one study of anastomoses formed by inferior
phrenic arteries."> The arc of Buhler (celiacomesenteric anas-
tomosis) has been reported as a remnant of ventral anasto-
moses and is between SMA and CT or its branches. Dubel et
al. determined that the short arc widened by bending in the
case of CT stenosis or aneurysmal dilatation.”28!

In the MSCT angiography study by Ognjanovic et al., the
arc of Buhler was imaged in 3% of cases.”™ In Whitley et
al’s meta-analysis, the presence of this arc with a pooled
prevalence of 1.71%; contributes to the continuation of the
vitality, especially by ensuring the continuity of liver blood
supply.'*We believe that if the presence of this arch is seen
in radiological imaging methods, this should be reported
in the reporting.

Other than the arc of Buhler, collaterals can be seen be-
tween the superior pancreaticoduodenal artery, which is
the GDA branch, and the lower pancreaticoduodenal ar-
tery, which is the SMA branch, or between the SMA and the
aberrant middle colic artery, if the aberrant middle colic ar-
tery is derived from the CT branches.'93%

In the cadaveric study of Pinal-Garcia et al., normal CT was
reported as 43.6%, classical type 7.1%, and non-classical
type 36.4%.5" Araujo-Neto et al. found normal CT as 90%,
Farghadani et al. found 63.9%, and Clement et al. found the
normal CT frequency to be 90.5% in their cadaveric and ra-
diological studies.l3>34

An incomplete trunk can be defined as the absence of one
of these three branches or originating from another origin.
In this case, it is seen as GST (Fig. 2) HST (Fig. 3), or HGT. In
cases, where the CT is not seen, these three arteries may
originate from various structures. The division of the CT
with the SMA as a single root from the aorta is also called
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Figure 2. (a) GST originated LHA (b) SMA originated RHA (the same
patient), white arrow: GST, white arrow head: LHA, black arrow: SMA,
black arrowhead: RHA. GST: Gastrosplenic trunk, LHA: Left hepatic ar-
tery, SMA: Superior mesenteric artery, RHA: Right hepatic artery.

Figure 3. (a) HST (Sagittal MIP image) (b) accessory LHA (the same
patient), black arrow: SMA, black arrowhead: HST, white arrow: CHA,
white arrowhead: LGA, thin white arrow: Accessory LHA. HST: Hepa-
tosplenic trunk, LHA: Left hepatic artery, SMA: Superior mesenteric
artery, LGA: Left gastric artery, CHA: Common hepatic artery.

the CMT (Fig. 4).

In 1994, Hiatt reported that the classification of Michel’s
could be shortened in the form of five major types and six
very rare variants, and called the variation in which CHA,
which is not in the Michel’s classification, was directly sepa-
rated from the aorta, as Type V1.

Michel’s classification does not include only CHA, RHA, and
LHA arising from the aorta. Hiatt’s classification does not
include the variations in which the RHA or LHA arises from
the aorta and the variations in which the accessory arteries
arise from the aorta (Fig. 5).

Michels determined that the classical trifurcation stat-
ed in textbooks is found in only 55% of the population.
Michels opposed the attribution of variational arteries
related to hepatic arteries as accessories. Michels stated

Figure 4. Complete CMT (a) sagittal MIP image (b) 3D image (the
same patient) black arrow: CMT, white arrow: CT, white arrow head:
SMA. CMT: Celiaco-mesenteric trunk, SMA: Superior mesenteric ar-
tery, CT: Celiac Trunk.

Figure 5. Variation not included in the Michels classification (a) GST
and aorta originated CHA (b) LHA's separation from SMA (the same
patient), black arrow: GST, black arrowhead: RHA, white arrow: LHA,
white arrowhead: SMA. GST: Gastrosplenic trunk, LHA: Left hepatic
artery, SMA: Superior mesenteric artery, RHA: Right hepatic artery,
CHA: Common hepatic artery.

that these arteries are end-arteries, that if sacrificed, it will
cause necrosis, and emphasized the importance of LHA
originating from LGA or RHA originating from SMA being
the only vessel that feeds this region and used the term
replace. Besides hepatic arteries do not form anastomosis
in the liver.

Collaterals between CT and SMA in mesenteric vascular
structures are reported to be quite incomplete in MSCT
studies, and their presence may be overlooked in exam-
ination reports. However, its effect on blood supply is
certain (Fig. 6). Collateralization with phrenic arteries has
been reported most frequently in the literature. Although
no correlation was found between CT, hepatic artery vari-
ations, and collaterals in our study, it can be said that col-
laterals between CHA and SMA are seen relatively more
common in cases of the single accessory LHA originating
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Figure 6. Collateral branch separating from superior mesenteric ar-
tery (white arrow).

from the LGA such as Michel Type V and Type VIII.

Vascular anatomy should be known before the operation
to use the liver tissue taken from the living donor and to
maintain supply of the remaining part in the donor in liver
transplantations performed frequently today.5*

Our rates of hepatic artery variation are similar to those of
Ugurel et al., who found the most frequency of variations in
the literature (48%) and reported rates in the Turkish pop-
ulation like ours.2® In the previous studies; however, these
rates varied between 16% and 42%. This situation suggests
that there may be more prominent ethnic differences than
expected.

CT diameters are measured in fewer papers, and the findings
of cadaver and MSCT studies are similar.*23”38 Since cadaver
studies are a more prominent method in terms of showing
the distal continuity of very thin vessels, detailed studies in
large series to evaluate collaterals will contribute to the de-
tailed examination of the mesenteric arterial system.

Compared to the previous literature, the relatively high
incidence of collateral in our patient group could be sec-
ondary to ethnic differences, new collateral growth in col-
orectal cancer patients, atherosclerosis due to the relative-
ly advanced age in our study group, even dietary habits.
Therefore, we think that the assessment of collateral devel-
opment in various age groups and patient groups would
be informative.

Conclusion

The frequency of the CT and hepatic artery variations we
detected in our study is parallel to the data of previous ca-
daver studies, operation findings, angiography, and MSCT.
It has been accepted that the similarity of these rates means
that the frequency of variation is not different in colorectal
cancer patients. It was aimed to contribute to the literature
with diameter and distance measurements that were rare-
ly studied before. In addition, attention was drawn to the
presence of collateral arteries in this study. It was thought
that the frequency of celiacomesenteric anastomoses
should be studied in various age and patient groups and
in larger series.
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