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 Abstract

Background: With the advent of new hepato-biliary interventions, preoperative assessment of coeliac, 
hepatic, and mesenteric arterial anatomy has now become a necessity for surgeons and interventional 
radiologists. The primary aim is to avoid or minimize the ischemic complications that could occur during 
surgeries such as liver transplants, abdominal interventions etc. This study was undertaken to evaluate the 
variants in coeliac, hepatic, and superior mesenteric arteries based on the CECT abdomen. 

Results: A prospective study was conducted over 2 years (2020-2021) on 388 patients who underwent 
CECT abdomen for evaluation of the above-mentioned variants. 14 types of CM trunk and 11 types of 
hepatic artery variants were identified in this study. Anatomical variations in CM trunk and CHA were seen 
in 6.4% and 7.7% respectively. The average diameter of the coeliac artery was found to be 6.6 mm, the 
common hepatic artery was 5.04 mm, and the superior mesenteric trunk was 6.6 mm. 

In cases with variant coeliac -SMA axis, the average diameter of the coeliac trunk was 5.7 mm while the 
average arterial diameter of the hepatic artery in CHA variants was 4.38 mm.

The pathological variations found in the study were: MALS/ Dunbar syndrome, SMA compression syndrome, 
aortoarteritis and nutcracker syndrome.

A significant correlation was noted between the presence of CHA and coeliac -SMA axis variations i.e., the 
patients with CHA variation were 3.38 times more likely to have coeliac-mesenteric arterial variation.

The diameters of common hepatic and coeliac arteries were noted to be reduced in cases with anatomical 
variations (p < 0.05).

Conclusions: There is an association of coeliac-mesenteric artery variations with common hepatic arterial 
variations. Another correlation was found between the arterial diameters in cases with variant anatomy 
versus normal cases in the study population. No significant association between pathological variants 

Research Article



Page 2

Vol 9: Issue 14: 2028

Background
 Thorough knowledge of the coeliac, superior mesenteric, and inferior mesenteric arterial anatomy 
and its variants is vital for successful hepatobiliary surgery. Michel et al [1] were the first to propose a clas-
sification system for the anatomic variations in the Common Hepatic Artery (CHA) based on cadaveric dis-
section. Suzuki et al. were the first to perform an angiographic study on hepatic arterial variations in 200 
patients [2].

 The surgical relevance of the anatomy of the coeliac trunk, Superior Mesenteric Artery (SMA) & CHA 
is discussed in the following section:

Surgical relevance of CHA variant anatomy

 Variations in hepatic arterial branching patterns create unexpected difficulties during the procedure, 
like trans arterial hepatic artery chemoembolization (TACE). Variants can lead to inadvertent complications 
like haemorrhage, improper catheter placements causing incomplete embolization of tumour or even lead 
to damage to the normal liver parenchyma during chemoembolization [3].

 The accessory gastric arteries which can arise from the aberrant hepatic arteries should also be 
considered especially in the treatment of hepatic neoplasms with TACE, as they can lead to complications 
like gastric perforation. This is because complications like gastric wall ischemia can arise due to the 
obliteration of the accessory artery. In the liver, reconstruction of the arteries supplying the donor’s liver is 
required before the procedure to avoid complications like arterial thrombosis [4].

 The variant anatomy can also be beneficial in some cases like in cases with replaced Right hepatic 
artery (RHA) which is beneficial for a donor due to its longer course, thus providing a larger graft and 
hence reducing complications like arterial thrombosis [5]. At the same time, this can pose a problem for 
the recipient’s liver as multiple vascular anastomoses are required between the donor and the recipient. 
Another added problem is the small calibre of the common hepatic artery which can lead to post-op 
complications [5,6].

 In pancreatic surgeries e.g., pancreatic tumour resection or pancreaticoduodenectomy, the presence 
of an aberrant right hepatic artery can lead to intraoperative vascular damage as the artery courses near 
the pancreatic head (if its origin is from SMA) [7].

 If the origin of the artery is from the Left Gastric Artery (LGA), vascular injury occurs while mobilizing 
the stomach. Knowledge of these variants helps the surgeon anticipate and manage the complications and 

like median arcuate ligament syndrome, SMA compression syndrome etc. with normal hepatic /CM trunk 
variations.

An attempt was also made to describe the newly found variations in these target vessels, not previously 
characterized in the standard classification system.
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determines the outcome of the surgery. An example is anticipating an anastomotic leak in a hepatobiliary 
surgery due to ischemia of the biliary anastomosis as the major blood supply to the extrahepatic biliary 
tree is from the aberrant right hepatic artery [4].

 There can also be compression of the Common Hepatic Duct (CHD) leading to gallstone formation 
due to biliary stasis [8].

 In Hiatal surgeries for gastroesophageal reflux disease, liver transplantation etc. there is an increased 
likelihood of injury to the aberrant left hepatic artery as it lies in the hepato gastric ligament which in turn 
can lead to left liver lobe ischemia [4]. Variant anatomy can also prove beneficial in cases where there is 
an occlusion in the porta because in such cases, the aberrant left hepatic artery provides the collateral 
circulation. The presence of an accessory right hepatic artery can also determine the course of progression 
of bile duct cancer. This is because, in classic cases, bile duct cancer usually spreads to the RHA due to its 
proximity. However, in patients with accessory hepatic arteries, these vessels are spared as they are further 
apart [9].

 Knowledge of CHA variants is also important in pre-surgical planning of cholecystectomy to know 
the laparoscopic appearance of porta hepatis [10].

Thus, the knowledge of this variant anatomy imparts individualization of medical and surgical therapies. 

Surgical relevance of Coeliac artery variant anatomy

 The position of the coeliac trunk is of immense importance to an interventional radiologist as the 
vertebral level serves as a landmark for the localization of its orifice, for catheter insertion, especially in 
cases of upper GI bleed embolization. It is also relevant in the treatment of vascular complications like 
pseudo aneurysms in cases of liver trauma, pancreatitis, and leak from the pancreatic stump after a distal 
pancreatectomy or pancreatic leak following pancreatojejunostomy or pancreatogastrostomy. These 
procedures require selective embolization via coeliac trunk-hepatic artery catheterization, thus, in turn, 
emphasizing the knowledge of the relevant arterial variations [11].

 Another situation where coeliac trunk anatomy is of importance is in the repair of thoracoabdominal 
aneurysms, either through open surgery or endovascular techniques using a stent prosthesis. The procedure 
requires cannulation of the coeliac trunk, which is then connected to an extracorporeal circulation device 
following which it is reimplanted in the graft, in open repair. The design of a vascular endoprosthesis for the 
repair of an aneurysm must consider the position of the coeliac artery and the arterial anatomy and course 
of its branches [12].

Surgical relevance of SMA variant anatomy

 Among the SMA variations, one of the rare variations is the presence of a common coeliac-mesenteric 
trunk which occurs in <1% of all abdominal vascular anomalies [incidence of 0.25%]. It occurs due to the 
regression of the tenth root and persistence of both the 13th root and anterior longitudinal anastomosis [13]. 
The presence of a variant like a common coeliac-mesenteric trunk will not have collateral circulation 
which in turn can affect the abdominal viscera (Foregut and midgut). This can also prove a problem during 
therapeutic management esp. during thrombolysis. Another vascular cause of upper abdominal angina 
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is compression of the coeliac trunk by the diaphragmatic crura also known as median arcuate ligament 
syndrome or Dunbar syndrome. In patients with classical coeliac trunk anatomy, compression of the 
coeliac trunk alone would not present early. This is because there is a reformation of collaterals between 
the coeliac artery and SMA. However, in patients with a common CM trunk, compression of this vessel can 
cause decreased blood supply even to the mid-gut derivatives [5,14].

Methods 
Source of data

 The source of data for this study were the patients referred to the department of Radiodiagnosis and 
imaging, at John’s Medical College Hospital, Bangalore, for CECT abdomen. The study population was 482 
patients for whom the CECT abdomen was done for various indications as a part of their diagnostic workup. 
94 patients were excluded from the study population as they fulfilled the exclusion criteria. The study was 
performed, and data were analysed for the rest of the 388 patients who satisfied the inclusion criteria.

Methods

 This was a prospective study conducted over two years (2020-2021) on patients who underwent 
CECT abdomen as a part of their diagnostic workup at the Department of Radiodiagnosis and Imaging. For 
the evaluation of coeliac, hepatic, and superior mesenteric arterial anatomy, CT was performed using a 
128-slice GE Medical Systems Revolution EVO CT scanner.

 The raw imaging data obtained was then processed on a workstation for multi-planar reformation 
(MPR) as well as the 3D reconstruction with maximum intensity projection (MIP) and volume rendering.

 INCLUSION CRITERIA

·  Patients above 18 years in whom contrast-enhanced CT abdomen was indicated.

 EXCLUSION CRITERIA

·  Patients in whom the CT evaluation was inadequate as a result of motion artefact/ improper breath-
holding technique.

·  Patients who underwent major abdominal surgeries and who had a history of vascular interventions 
involving the coeliac/SMA/hepatic arteries.

·  Patients with lesions causing derangement of the target vascular structures (i.e., hepatic, coeliac and 
mesenteric axis)

·  Patients with atherosclerotic calcifications involving the target vascular structures. 

Image interpretation and statistical analysis

 The coeliac trunk origin and the origin of its main branches namely the LGA, CHA and Splenic Artery 
(SA) as well as the origin of the SMA and its branches were identified and recorded for statistical analysis 
to calculate the prevalence of different variants. The variants of the coeliac trunk were classified according 
to Uflacker’s classification (Table 1) while the hepatic artery variants were classified depending on Michel’s 
classification (Table 2).
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Table 1: Uflacker’s Classification of Coeliac Trunk 
Variation [15].

Types Variations

1 Normal trifurcation: classic type

2 Hepatosplenic trunk

3 Hepatogastric trunk

4 Hepato spleno mesenteric trunk

5 Gastrosplenic trunk

6 Common CM trunk

7 Coeliac-colic trunk

8 No coeliac trunk

Table 2: Michel’s classification of coeliac trunk variation [1].

Types Variations

1 Hepato splenogastric trunk

2 Hepatosplenic trunk

3 Hepatosplenomesenteric trunk with LGA arising separately

4 Hepatogastric trunk with splenic artery arising from aorta 
/ SMA.

5 Gastrosplenic trunk with CHA originating from aorta / SMA.

6 Common CM trunk

7 Coeliac- colic trunk with middle colic arising from the 
coeliac trunk

 The analysis data was done using IBM SPSS (Statistical Program for Social Science version 22.0, IBM 
Corp., USA). The analysis begins with descriptive analysis which includes methods such as pie diagrams, 
bar diagrams, histograms, and correlation. If the study data is collected from all members of the population, 
then these descriptive methods alone are sufficient for inferences. However, this scenario is impossible and 
estimation of population parameters using the sample population that was available for the study is nee-
ded.

 Categorical variables were reported using numbers and percentages. Continuous variables were 
reported using mean +/- SD.

 Comparison between variables was done by a chi-square test or Fisher’s exact test for categorical 
variables, and an Independent T test for continuous variables (parametric)/Mann-Whitney U test with post 
hoc Bonferroni correction for continuous variables (non-parametric). The data normality was assessed 
using histograms and probability plots. Q-Q plots were used to determine if the data were normally distri-
buted.

 To compare categorized characteristics of the study population between the two groups having CHA 
and coeliac mesenteric axis variations, univariate comparisons were made using the Chi-square test (more 
than five observations in all cells) or Fisher’s exact test (five or fewer observations in one or more cells). P 
values for all hypotheses tested were two-sided and statistical significance was set at P < 0.05.

Results

 MDCT scans were interpreted for the following: Presence of normal arterial anatomy (involving coe-
liac-mesenteric axis and common hepatic artery). In the case of variant anatomy, details of origin, vascular 
course, and co-existence of other vascular variations and pathologies were described and analysed.

·  Classification of aberrant arterial anatomy variants based on a standard system.

·  Traditional classification for coeliac-mesenteric artery based on Uflacker’s classification.

·  Traditional classification for CHA based on Michel’s classification.
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·  Separate classification of the newly found aberrant variants in both the common hepatic and CM 
arterial trunk. 

 The data collected were statistically analysed to calculate the frequency distribution of the variants. 
Analysis was also done to look for a correlation between CHA and coeliac mesenteric variants. 

 The sample characteristics are listed in Table 3 and Coeliac -mesenteric artery variations (Table 4).

Table 3: Sample characteristics.

Mean age of the population 49.3 years

Total no. of males with mean age (SD) 191, 51 years (17.8)

Total no. of females with mean age (SD) 197, 47 years (17.9)

Previous history of surgery 19

Cases with the presence of lesions causing derangement of the target vascular 
anatomy

42

Age group showing the maximum representation 7th decade – 25.3 % percent.

 363 out of 388 cases showed a normal trifurcation pattern of the coeliac trunk (Uflacker I) repre-
senting 93.5 % of the total cases. Among the commonest anomalies among the coeliac, trunk variations 
were Type V Uflacker in the form of the gastro-splenic trunk with CHA arising from the aorta (most com-
mon anomaly) (Figure 1) representing 20 % of cases followed by Uflacker types II, III, IV & VIII (Figure 2) 
each type found in 4% of cases.

 The variations not detected in this study population were Uflacker type VI and VII.

Table 4: Frequency distribution of coeliac –mesenteric artery variations.

COELIAC-MESENTERIC TRUNK VARIATION UFLACKER’S 
CLASSIFICATION

Number of cases in 
our study

Classical coeliac trunk trifurcation TYPE I 363

Hepatosplenic trunk TYPE II 1 (4 %)

Hepatogastric trunk TYPE III 1 (4 %)

Hepatospleno mesenteric trunk TYPE IV 1(4 %)

Gastrosplenic trunk TYPE V 5 (20 %)

CM trunk TYPE VI 0

Coeliac- colic trunk TYPE VII 0

No coeliac trunk TYPE VIII 1 (4 %)

gastroduodenal artery arising from the coeliac axis in addition to the 3 branches NOD 2 (8 %)

Left hepatic artery arising from the aorta and other branches of the coeliac artery together NOD 1 (4 %)

Right hepatic artery arising directly from the coeliac artery NOD 5 (20 %)

Left hepatic artery arising directly from the coeliac artery NOD 6 (24 %)

Right inferior phrenic arising from the coeliac axis NOD 2 (8 %)

  TOTAL = 388
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Figure 1: Axial CT cuts showing gastrosplenic trunk (red 
arrow) with CHA (white arrow) separately arising from the 

aorta.

Figure 2: Volume-rendered image showing the separate 
origin of CHA (Yellow arrow), LGA (Blue arrow) & Splenic 

artery (Green arrow) from the aorta.

Figure 3: Axial CT section showing quadrifurcation of 
the coeliac trunk (red arrow) with gastroduodenal trunk 

arising from the coeliac axis.

 A few other variations were found in the study population which were not previously classified. 
These accounted for 63% of the total arterial variants and were classified as “Not otherwise described”. 
These variations are the gastroduodenal artery originating from the coeliac axis (Figure 3), the origin of 
LHA from the aorta, and the origin of the LHA / RHA / right inferior phrenic artery from a coeliac artery. 
In this category, the commonest was the origin of LHA from the coeliac artery (20% of the cases).

 CHA variations (Table 5)

 The commonest anomalous hepatic artery variation was Michel type III variation i.e., replaced right 
hepatic artery originating from the superior mesenteric artery which was found among 63% of the cases.

 This was followed by Michel type II found in 10% of cases. The variations not detected in this stu-
dy population were type IV and Type X.

 Variance in the origin of CHA was seen in 7 patients (origin of CHA from SMA in 2 and aorta in 5 pa-
tients). Normal origin of RHA from Hepatic Artery Proper (HAP) was seen in 361 patients. Replaced origin 
of RHA was seen in 63 % of total variants (commonest variant) while the accessory origin of RHA was seen 
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in 1 (3.5%) case. Replaced LHA origin was seen in 3 (Figure 4) (10%) cases and accessory LHA origin in two 
(6.5%) cases.

 In 2 cases (8%), the gastroduodenal artery was seen arising from the coeliac artery.

 There were two cases of early bifurcation of the common hepatic artery (this was not classified as a 
variant as it followed the classical pattern of coeliac trifurcation).

 In addition, one case showed the origin of the LHA from the aorta. (This was classified under the 
category of “Not otherwise described”: categorized under the coeliac-mesenteric axis variations).

Table 5: Frequency distribution of cha variations.

HEPATIC ARTERY VARIATION MICHELS’S OUR STUDY

Normal anatomy TYPE I 358

Replaced the left hepatic artery originating from the left gastric artery TYPE II 3 (10.00%)

Replaced right hepatic artery originating from the superior mesenteric artery TYPE III 19(63.33%)

Co-existence of Type II and III TYPE IV 0

Accessory left hepatic artery originating from the left gastric artery TYPE V 2(6.7 %)

Accessory right hepatic artery originating from the superior mesenteric artery TYPE VI 1(3.33%)

The accessory left hepatic artery originates from the left gastric artery and the accessory right hepatic artery 
originates from the superior mesenteric artery (Figure 1a and 1b)

TYPE VII 1(3.33%)

Accessory left hepatic artery originating from the left gastric artery and replaced right hepatic artery 
originating from the superior mesenteric artery

TYPE VIII 1 (3.33%)

Common hepatic artery originating from the superior mesenteric artery TYPE IX 2 (6.7%)

Right and left hepatic arteries originating from the left gastric artery TYPE X 0

Replaced left hepatic artery from left gastric along with accessory right hepatic artery from the superior 
mesenteric artery

NOD 1 (3.33%)

  TOTAL = 388

Figure 4: Oblique CT reformats showing replaced LHA 
(black open arrow) from LGA and accessory RHA  (lower 
white open arrow) from SMA. The hepatic artery (Black 
arrow) and Right hepatic artery (Upper white open ar-
row) are also seen.

Figure 5: Coronal CT reformats showing the ori-
gin of LHA (red arrow) arising from LGA.
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Figure 6: Coronal CT reformats showing the origin of RHA (red arrow) arising from SMA.

 The latter two variants have often been described as “double hepatic arteries” [1].

 The newly found hepatic artery variant (not described in the standard classification) was an acces-
sory LHA (origin of LHA from LGA) along with the presence of an accessory right hepatic artery (origin of 
RHA from SMA) (Figures 5 and 6). This was seen in 3.5% of the total population.

 Association between CHA anatomical variations and Coeliac-mesenteric axis variations.

 Variations in both the coeliac-mesenteric axis and hepatic artery were found in 12.6% of the total 
study population.

 The percentage of CHA variations having coeliac -mesenteric trunk variations was 16.7% while the 
percentage of common hepatic artery variations without coeliac -mesenteric trunk variations is 6.9%

 Fischer’s exact T-test was performed to analyse the presence of any correlation between the coeliac-
mesenteric axis and CHA variants.

 The results showed a significant correlation (Fischer’s test statistic = 0.034) between the presence 
of CHA variants and coeliac mesenteric trunk variations (a < 0.05).

 The odds ratio between the 2 variables (variation in common hepatic artery & CM arterial trunk) 
was 3.38 indicating that the patients having CHA variations were 3.38 times more likely to have coeliac-
mesenteric arterial variation.

 The 95% confidence interval for the above correlation was 1.17 (lower limit)- 9.764 (upper limit) 
indicating that there exists a similar representative population where the patients having CHA variations 
were 9.76 times more likely to have a coeliac-mesenteric artery variation (Upper limit is considered in this 
scenario).



Page 10

Vol 9: Issue 14: 2028
 Association between average diameters of Coeliac & Common hepatic artery with the presence of 
anatomical variations:

 The next aim of the study was to determine if there existed a significant correlation between the 
coeliac artery diameter in cases with Uflacker’s type I coeliac artery as compared to the rest of the cases 
that had other coeliac artery variations.

 This study also aimed to test a similar correlation between Michel’s type I hepatic artery and the 
rest of the CHA variants.

 After assessment of the normality of the hepatic artery and coeliac artery using a Q-Q plot and his-
togram analysis, an independent T-test was used to determine the equality of means.

 The average diameter of the coeliac artery was found to be 6.6 mm, CHA was 5.04 mm, and the su-
perior mesenteric trunk was 6.6 mm.

 In the case of CHA, the total number of cases with a classical pattern was 358 with the average dia-
meter of CHA being 5.09 mm.

 The total number of cases with variant CHA anatomy was 30, and in these cases, the CHA had a 
mean diameter of 4.38 mm. The mean difference between the arterial diameters while comparing both the 
groups (ie. Type I vs rest of the CHA variations) was 0.71 mm with a significance of 0.003 (Level of signifi-
cance for the study: p < 0.05).

 In the case of the coeliac artery, the total number of cases with a classical pattern was 363 with the 
average diameter being 6.72 mm. The total number of cases with variant anatomy was 25, with a mean 
diameter of 5.7 mm.

 The mean difference between the arterial diameters while comparing both the study populations 
was 1.02 mm with a p-value of 0.001 (Level of significance for the study: p < 0.05).

 In both scenarios, there exists a significant reduction in the average vessel diameters in CHA and 
coeliac trunk in patients with anatomical variations 

 Various vascular pathologies were noted as associated findings in this study (Table 6).

 E.g., MALS i.e., Median arcuate ligament syndrome (Dunbar syndrome). The median arcuate liga-
ment is a fibrous arch uniting the diaphragmatic crura at the level of the aortic hiatus and passes superior 
to the coeliac artery origin. However, if the insertion is low, it can cause abdominal pain. The diagnosis of 
coeliac axis compression / median arcuate ligament syndrome / Dunbar syndrome is done with conven-
tional angiography/ CT angiography. The CECT imaging findings are characteristic focal narrowing in the 
proximal coeliac axis with a characteristic juxta-ostial hooked appearance with coeliac artery origin steno-
sis (Figure 7)[2].
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Figure 7: Sagittal CT reformats showing juxta ostial 
fishhook configuration of the coeliac artery with narrowing 
of the coeliac artery near the origin (Red arrow).

Table 6: Frequency Analysis of Vascular Pathologies Involving Coeliac -Mesenteric Arterial Axis.

PATHOLOGICAL CASES FREQUENCY OF VARIANTS

Dunbar syndrome 5

Nutcracker syndrome 2

SMA compression syndrome 1

Vasculitis 2

 The other pathology found in this study was SMA compression syndrome which is also known as 
Willkie’s syndrome/Cast syndrome. In this pathology, there is a reduced aortomesenteric angle and dis-
tance between the vessels which in turn causes compression of the third part of the duodenum. 

 The normal aortomesenteric angle is 45 degrees (normal range: 25° to 60°). However, in patients 
with significant loss of mesenteric fat, the aortomesenteric angle becomes acute (<22°) causing compres-
sion of the third part of the duodenum, thus causing resulting in SMA syndrome [3].

 Nutcracker syndrome was another pathology found in this study which is the compression of the 
Left Renal Vein (LRV) between the aorta and (SMA). This condition is called “anterior nutcracker syndrome” 
(Figure 8). In contrast, a circumaortic or retro aortic LRV can also be compressed between the aorta and 
vertebral body, which is called the “posterior nutcracker syndrome”. One of the many causes of anterior 
nutcracker syndrome is aberrant SMA branching from the aorta. The patient may present as a case of pelvic 
congestion syndrome secondary to renal venous hypertension. The imaging findings are the presence of 
the beak sign (i.e., abrupt narrowing of the LRV between the aorta and SMA) with concomitant dilatation 
of the proximal LRV. Another CT parameter is a ratio of the LRV diameters at the hilar and aortomesente-

Figure 8: Sagittal reformats of a patient with anterior 
nutcracker syndrome showing the compression of the 
left renal vein. (Blue arrow).
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ric regions of more than 4.9. A few other findings include a reduced aortomesenteric angle (less than 41°) 
which is a very sensitive parameter /a measured beak angle of more than 32° [4].

Association of pathological variations with anatomical variations

 In 6.1 % of cases with anatomical variants in either coeliac-mesenteric axis variant/CHA variants or 
both, there were pathological variants like Dunbar/SMA compression/nutcracker syndrome.

 Fischer’s exact T-test was also done to look for a correlation between anatomical variants and pa-
thological conditions related to the coeliac mesenteric axis.

 Fischer’s test statistic was not significant for this association with the test statistic value of 0.092.

Discussion

 Digital subtraction angiography (DSA) is the gold standard in the evaluation of vascular structures 
esp. the presence of arterial variations. However, it is invasive and is associated with iatrogenic risks and 
complications [16].

 These disadvantages are overcome by using CECT images for the vascular structures, which can be 
obtained in a high spatial and temporal resolution in a short period and is also noninvasive. In addition, re-
formats of the images can be done in coronal and sagittal planes and the post-processing allows us to view 
only the vascular structures using minimum-intensity projections. 3-D reconstruction can also be perfor-
med for viewing small vessels. On account of these advantages, it has replaced conventional angiography in 
the assessment of the vascular structures for pre-operative evaluation of the hepatic vasculature [17].

 Classification of coeliac artery variations based on its branching pattern has been performed by 
several studies, the first one done by Lipschulz in 1917 [18] and the most recent by Uflacker in 1997 (des-
cribed in table 2) [19].

 The classical coeliac anatomy is the type I variant which occurs at a frequency of 51-80%. Separate 
origin of the CHA, splenic artery, and LGA from the CA occurs in 10-19% of cases while in 10%, a quadrifur-
cating/pentafurcating CA is noted with the dorsal pancreatic artery, GDA, and right and left hepatic arteries 
originating directly from the trunk [20].

 In the context of the Indian population, a similar study i.e., MDCT evaluation of coeliac and common 
hepatic variations) was undertaken by Thangarajah et al in the south Indian population. In comparison to 
the current study, no correlative analysis was performed in mentioned study [21].

 In almost all the studies Uflacker type I (the normal trifurcation pattern of the coeliac artery) is the 
commonest variant which is consistent with our study. The incidence of Uflacker type I in this group was 
93.5 % [17] which is similar to the results of the studies done by Song et al [16] and Ugurel et al [22].

 With regards to the variants (according to the Uflacker’s classification), the commonest was Uflac-
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ker type V with gastro-splenic trunk and anomalies origin of the CHA from the aorta/SMA representing 
20% and this is relatively higher as compared to Ugurel et al [22].

 However, the results in this study were contradictory to studies done by Lipschutz et al [18], and 
Thangarajah et al [21], who found that Uflacker type II was the commonest variant. In the study by Than-
garajah et al, the next common variant was the presence of a hepato-mesenteric trunk and a separate gas-
trosplenic trunk [21].

 In this study, the non-classified variations accounted for the major bulk of the anatomical CM axis 
variants accounting for 63 % of the total cases. The commonest variation among the non-classified varia-
tions was the origin of the left or right hepatic artery from the coeliac axis.

 Variant arterial anatomy in the common hepatic artery is noted in approx. 25-30% of the popula-
tion.

 The incidence of aberrant right hepatics as reported in other studies was 11-26% of which re-
placed right hepatic arteries were seen in 3.5-21% of cases and accessory right hepatic arteries in 1-8% of 
cases [3].

 The incidence of aberrant left hepatics as observed in other studies was 12.5-32% with accessory 
left hepatic arteries in 4.5-32% of cases and replaced left hepatic arteries in 4-15.5% of cases [23].

 With regards to the hepatic artery variations, this study showed that Michel type I is the commonest 
type (classical type I) with an incidence of about 92.3% which is slightly higher than the prevalence of these 
variants in the normal population (51-80%) as reported by Kamel et al [24]. With regards to the anomalous 
arterial variants, this study showed that Type III was the commonest anomaly with replaced RHA from the 
SMA representing about 63% of the total cases and these results are consistent with studies conducted by 
Koops et al and De Cecco et al with variable incidences [25,26].

 However, in studies by Covey, Thangarajah and Coskun et al Michel type V was the commonest va-
riant in their study group [3,21,26].

 In this study, a new hepatic artery variant was found which has not been previously described. This 
variant was a replaced left hepatic artery from the left gastric along with an accessory right hepatic artery 
from the superior mesenteric artery which was classified as not otherwise described.

 By the above-mentioned findings, this study has added 5 newly found variations to the one found 
by Uflacker i.e., the origin of gastroduodenal artery from the coeliac artery, the origin of left hepatic artery 
from the aorta and other branches of coeliac artery together, the separate origin of a right hepatic artery 
directly from the coeliac artery, the separate origin of left hepatic artery from coeliac artery and aberrant 
origin of right inferior phrenic arising from the coeliac axis. These variants were grouped into a category 
not otherwise described (Type IX).
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 A cadaveric study was done by Silveira et al in which the arterial diameters were compared between 
the groups which had normal anatomy and those that had anatomical variants. This study showed smaller 
diameters for variable vessels; however, the difference was not significant [7].

 In comparison, this study has a significant reduction in the coeliac artery diameter in the presence 
of anatomical variations. This finding can be of significance while selecting patients for liver transplanta-
tion.

 A significant correlation between arterial diameter in patient groups with normal anatomy and 
group with common hepatic artery variations has also been established.

 After an extensive literature review, there was no mention of a previous study for the analysis of the 
above-mentioned objectives.

 However, in both the above scenarios (i.e., Association of arterial diameters with an anatomical va-
riation of common hepatic and coeliac-mesenteric trunk), the correlation between the individual variants 
with the arterial diameters could not be performed as the frequency of these individual variants are less 
and because of the relatively smaller size of the study population. However, this is a possibility with a larger 
study population.

 One of the ancillary findings in the study was the presence of bilateral accessory renal arteries (ana-
tomical variant) in 3 cases with replaced right hepatic arteries.

 A study by Ugurel et al showed a significant correlation between anatomical variants in the renal 
artery and coeliac trunk-hepatic arterial system variations [22]. This association was however not explored 
in this study.

 Regarding pathological variations, no significant correlation was seen between the anatomical and 
pathological cases in this study.

 However, previously a case report was published proposing an association between median arcuate 
ligament syndrome and the presence of a CM trunk (Uflacker’s type VI variation) [27].

 A similar theory was also proposed by Loukas et al which stated that the presence of a single trunk 
was one of the possible causes of MALS [28].

 The other pathology found in this study was SMA compression syndrome which is stated to have 
a prevalence of 0.1 -0.3%. The normal SMA -aortic angle is between 25-60 degrees with an average of 45 
degrees. In SMA compression syndrome, the CT criteria are the aortomesenteric angle of fewer than 22 
degrees with a reduced aorto-mesenteric distance of 8-10 mm. There is also compression of the 3rd seg-
ment of the duodenum with proximal dilatation of the stomach and the 1st/the 2nd parts of the duodenum. 
The congenital variance in the SMA origin was touted as one of the factors causing SMA compression syn-
drome [29].
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 In this study, no coeliac-mesenteric trunk anatomical variants were noted in the cases with SMA 
compression syndrome.

 No prior study was found exploring the correlation between aorto mesenteric angle and variants. 
This was attempted in this study; however, no significant correlation was found.

 Conclusive evidence of the same can only be provided by testing the association in a larger popula-
tion.

Study limitations

 In the context of the association of arterial diameters with an anatomical variation of common hepa-
tic and coeliac-mesenteric trunk, the correlation between the individual variants with the arterial diame-
ters could not be performed as the frequency of these individual variants was less.

Conclusions

 Analysis and characterization of the coeliac-mesenteric trunk and hepatic artery variants are impor-
tant as a part of pre-interventional/pre-surgical workup to decrease the post-surgical complications and 
morbidity rates. MDCT is a non-invasive modality which is quite efficacious in diagnosing these variants in 
comparison to the conventional modality of DSA.

 The current study comprised 388 patients evaluated by CECT (Revolution Evo 128 slice helical CT, 
GE medical systems) at the Department of Radiodiagnosis and Imaging, St. John’s Medical College Hospital, 
Bangalore.

 CECT was assessed for the presence of anatomical variations in coeliac, mesenteric, and common 
hepatic arteries and a comparison of this study with the standard classification proposed in the literature.  
 The assessment also included the presence of vascular pathologies in these arteries, evaluation of 
arterial diameters, aorto-mesenteric arteries, and other associated pathologies.

 The influence of age and sex in the distribution of the target arterial variant anatomy was investiga-
ted. A female predominance was seen, as was the predominance involving the seventh decade of life. Both 
CHA & CM arterial variations were seen predominantly in males. The classic pattern was the most common 
variation found in the majority of the subjects. Among the variants, Uflacker’s classification Type V and 
Michel’s classification Type III were the most common types.

 In contrast to a few other previous studies, which showed a higher incidence of type II variation, this 
study had a higher incidence of type V coeliac axis variation. Coming to CHA variants, the type III variant 
was the commonest which was comparable to previous studies in the literature.

 This study also found a significant association between smaller arterial diameters and the presence 
of variant anatomy. Another significant correlation found in the study was the linear relationship between 
CHA variants and coeliac-mesenteric variants. Associated findings like the presence of vascular pathologies 
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like coeliac/SMA compression syndrome, MALS etc were also analysed.

 Overall, MDCT acts as an effective imaging modality in the evaluation and characterization of anato-
mical variations of coeliac/mesenteric artery & common hepatic artery and their associated findings. Such 
evaluation helps not only in deciding the future course of management. But also, in reducing the associated 
mortality and morbidity, thus becoming vital to patient care.
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