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Introduction: Celiacomesenteric trunk is a very rare vascular anomaly with a reported

incidence of 0.54 %e3.4 % and represents the common trunk of origin of celiac and superior

mesenteric arteries. The aim of the present study is to evaluate variations of the cel-

iacomesenteric trunk by multidetector row computed tomography.

Method:We have retrospectively reviewed contrast enhanced computed tomographic scans

of 682 patients and found celiacomesenteric trunk and its variants in 19 cases, 9 males and

10 females.

Results: The classical celiacomesenteric trunk, dividing into celiac and superior mesenteric

arteries, was observed in 3 cases only. Hepatosplenomesenteric trunk with independent

origin of left gastric artery from aorta was noted in 3 cases. In one case hepatomesenteric

trunk with independent origin of splenic and left gastric arteries was noted. Nine cases

exhibited hepatomesenteric and gastrosplenic trunks. Only in one case, the hepatosplenic

and gastromesenteric trunks were seen. Two cases exhibited incomplete type of hep-

atomesenteric trunk not classified before. The most common celiacomesenteric trunk

variant observed in this study is the hepatomesenteric trunk.

Discussion: Any pathology involving this single celiacomesenteric trunk can lead to cata-

strophic consequences jeopardizing the vascular supply of major abdominal organs.

Thorough knowledge of these anatomical variants is of paramount importance to lapa-

roscopic surgeons, interventional radiologists and clinicians alike for proper preprocedural

planning to prevent any inadvertent injury to the variant arterial trunks.

Copyright © 2015, Anatomical Society of India. Published by Reed Elsevier India Pvt. Ltd. All

rights reserved.
1. Introduction

Three ventral branches arising from the abdominal aorta, the

celiac artery (CA), the superior mesenteric artery (SMA) and
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the inferior mesenteric artery (IMA) supply the derivatives of

embryonic foregut, midgut and hindgut respectively. The CA

arises just below the level of aortic hiatus and divides into

three branches, left gastric artery (LGA), splenic artery (SA)

and common hepatic artery (CHA). This classical branching
.com (C.S. Ramesh Babu).
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pattern of the CA referred to as “tripus Halleri”, has been re-

ported to be present variably from as low as 51% to as high as

98.3% of cases.1,2 Analyzing a combined total of 10750 cases

from 19 studies, Matusz et al reported the incidence of com-

plete CA in 90.70% cases and in 9.30% cases variations were

noted.3 Recently after analyzing the data from 36 studies,

Panagouli et al reported that complete CA has an incidence of

89.42%.4 One of the very rare variation involving the CA and

SMA is the presence of celiacomesenteric trunk (CMT), rep-

resenting a common trunk of origin, with an incidence vary-

ing from 0.54 % to 3.4 %.1,5e8 A variant of CMT can be defined

as the common trunk of origin of any one or two branches of

CA with SMA and the other branch (es) either arising inde-

pendently or as a common trunk from the aorta. The CMT and

its variants may remain asymptomatic, their presence

detected fortuitously during cadaveric dissection, autopsy, or

accidentally detected during surgery, angiography and other

diagnostic procedures.

The CMT may be associated with certain pathological con-

ditions likeaneurysm,occlusionandstenosis resulting insevere

mesenteric ischemia.9 Thrombosis of the CMT leading to a le-

thal effect on the patients because of complete cessation of

splanchnic arterial supply and consequent ischemia of supra-

mesocolic organs was also reported.10,11 Presence of CMT is

associated with intrinsic loss of CA-SMA collateral circulation,

which is an important safeguard protecting against mesenteric

ischemia, thus leaving a large segment of bowel with one

dominantvascular feed.Compressionof theCMTby themedian

arcuate ligament of the diaphragm resulting in clinical symp-

toms like epigastric pain, weight loss has also been reported in

the literature.12,13 The presence of CMT and its variants, espe-

cially hepatomesenteric trunk, can cause complications during

hepatobiliary and pancreaticoduodenal surgeries.14 Accurate

knowledge of the anatomical variants of CA and SMA is very

important to avoid surgical complications. Preoperative

knowledge of the variant arterial anatomy may obviate exten-

sive dissection to identify the aberrant vessel and avert vascular

injury andhelp the surgeons to accomplish surgical, oncological

and interventional procedures safely and successfully.

We have retrospectively reviewed multidetector row

computed tomography (MDCT) angiographic scans of 682
Table 1 e Incidence of classical type CA (Type- I) and CMT (Typ

Author Year Modality N

Hiatt et al2 1994 Surgical

Winston et al1 2007 CT Angio.

Iezzi et al15 2008 MDCT

Chen et al16 2009 Cadaveric

Malnar et al17 2010 Cadaveric

Ugurel et al18 2010 MDCT

Song et al5 2010 DSA,MDCT,CTA

Kornafel et al19 2010 MDCT

Matusz et al3 2012 Combined data of 19 studies

Sehgal et al20 2013 MDCT

Surekha et al6 2013 MDCT

Panagouli et al4 2013 Combined data of 36 studies

Ognjanovic et al8 2014 MDCT

Wang et al7 2014 MDCT

Present study 2014 MDCT
patients to evaluate the presence of celiacomesenteric trunk

and its variants. MDCTwith its multiplanar ability and precise

3-D reconstruction clearly delineates aberrant vessels and is

an effective tool for presurgical evaluation and planning.
2. Materials and methods

The present retrospective study was done at a single imaging

centre in Meerut. The study group selected includes 682 pa-

tients (355 males and 327 females; age range 8e90 years) who

underwent contrast enhanced MDCT angiography for evalu-

ation of hepatobiliary, pancreatic and renal pathologies, ma-

lignancies, abdominal pain and other suspected abdominal

pathologies. All the scans of the subjects who had undergone

previous abdominal surgery or were suffering from any intra

abdominal pathology which was likely to distort the anatomy

of the region concerned and poorly enhanced scans were

excluded from our study. The imaging centre routinely ob-

tains written informed consent from the patients before

contrast enhanced scanning and institutional ethical clear-

ance was also obtained.

All 682 patients underwent MDCT angiographic evaluation

(GE optima 660, 64 channels) and received 90e100 mL of

nonionic contrast (omnipaque) at the rate of 5 mL/s intrave-

nously. Scans were obtained from diaphragm to pubic sym-

physis and 0.625 mm thick sections were obtained. The scans

were analyzed in a workstation (AW volume share 4.5). Vol-

ume rendered (VR) and maximum intensity projections (MIP)

of axial, sagittal and coronal scans were studied for identi-

fying the variations of celiac and superior mesenteric arteries.
3. Results

In our retrospective analysis of 682 MDCT scans, we found

classical CA in 80.35% cases (548/682), variants of CA in 16.86%

cases (115/682) and CMT and its variants in 2.78% cases (19/

682). Incidence of classical CA and CMT reported by various

authors is given in Table 1. The classical CMT dividing into CA

and SMA was observed in 0.43% (3/682) cases and CMT
e- I′) reported by various authors.

o. of cases % Of CA (Type- I) % Of CMT (Type- I0)

1000 98.3 e

371 51.0 0.54

524 72.1 e

974 89.8 0.7

90 92.2 2.2

100 89.0 e

5002 89.1 1.06

201 95.5 1.5

10750 90.70 0.68

70 e 2.85

600 91.0 0.66

12196 89.42 0.76

150 78.0 3.0

1500 89.8 3.4

682 80.35 0.43



Fig. 1 e Types of celiac artery (CA) and celiacomesenteric trunk (CMT) variants according to Morita's classification (1935).21
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variants in 2.34% cases (16/682). A number of classification

systems were described in the literature and since each

author proposes a classification of his own findings, it is nat-

ural that all the variations observed till date were not

included. Moreover, existence of diverse nomenclatures is

confusing and misleading. Therefore, we followed the classi-

fication system put forth by Morita who described the CA and

CMT variants separately and suggested 5 types and 15forms.21

(5 types with 5 forms of CA and 4 types with 10 forms of CMT)

(Fig. 1; Table 2).

The classical CMT (Morita's Type I0) dividing into CA and

SMA was observed only in 3 cases (0.43%; 2 females and 1

male) (Fig. 2A, B, C) and in one case a common inferior phrenic

trunk took origin from CA as an additional branch (Fig. 2C).

Hepatosplenomesenteric trunk (HSMT) with LGA arising

directly from aorta (Morita's Type II0) was noted in 3 cases in

our series (0.43%; 2 males, 1 female) (Fig. 3A, B, C) and in one

case common inferior phrenic trunk originated with LGA

(Gastrophrenic trunk) (Fig. 3C). The most common variant

observed in our study is hepatomesenteric trunk (common

origin of CHA and SMA) with gastrosplenic trunk (common

origin of LGA and SA). This variant (Morita's Type IV0) was

present in 9 cases (1.32%; 5 females; 4males) (Fig. 4A, B). In one
male patient the hepatomesenteric trunk was associated with

polysplenia heterotaxy syndrome and in a female patient the

gastrosplenic trunk gave origin to common inferior phrenic

trunk (Fig. 4B). HMT with independent origin of SA and LGA

from aorta (Morita's Type III0) was found in only one male

patient (0.15%) (Fig. 5A, B). Another very rare variant, gastro-

mesenteric trunk (GMT) and hepatosplenic trunk (HST) (Mor-

ita's Type IV00) was found in one male patient (0.15%) (Fig. 6).

Two female patients exhibited incomplete HMT, not described

in the literature. In one case SMA gave origin to proper hepatic

artery with CA giving gastroduodenal, left gastric and splenic

arteries (Fig. 7). In another case SMA gave origin only to right

hepatic and gastroduodenal arteries and the LGA from gas-

trosplenic trunk gave rise to a replaced LHA.
4. Discussion

The celiac and superior mesenteric arteries develop from the

10th and 13th metameric ventral splanchnic (vitelline) ar-

teries supplying embryonic gut. According to the scheme

proposed by Tandler, initially the vitelline arteries are con-

nected by a ventral longitudinal anastomosis. The celiac



Table 2 e Morita's classification of celiac artery (CA) and celiacomesenteric trunk (CMT) variants.

Type Name of the trunk Remark

Celiac artery variants

Type I Hepatogastrosplenic trunk. Classical type Common trunk of origin of LGA, SA and CHA.

Type II Hepatosplenic trunk Common trunk of origin of CHA and SA with LGA

directly from aorta

Type III Gastrosplenic trunk Common trunk of origin of LGA and SA with CHA

directly from aorta

Type IV Hepatogastric trunk Common trunk of origin of CHA and LGA with SA

directly from aorta

Type V Absent celiac artery Independent origin of LGA, SA and CHA directly

from aorta.

Celiacomesenteric trunk variants

Type I (Common trunk of all three

branches of CA with SMA

Type I0 celiacomesenteric trunk (CMT)

Classical type

Common trunk of origin of celiac and superior

mesenteric arteries, dividing into CA and SMA.

CA further divides into three branches- the left

gastric, splenic and common hepatic.

Type II (Common trunk of any two

branches of CA with SMA and the

third arising directly from aorta)

Type II0 hepatosplenomesenteric trunk (HSMT) Common origin of CHA, SA and SMA. LGA arise

separately from aorta.

Type II00 hepatogastromesenteric trunk (HGMT) Common origin of CHA, LGA and SMA.

Independent origin of SA from aorta.

Type II000 gastrosplenomesenteric trunk (GSMT) Common origin of LGA, SA and SMA.

Independent origin of CHA from aorta.

Type III (Common trunk of any one

branch of CA with SMA and other two

branches having independent aortic

origin)

Type III0 Hepatomesenteric trunk (HMT) Common origin of CHA and SMA. Independent

origin of LGA and SA from aorta.

Type III00 gastromesenteric trunk (GMT) Common origin of LGA and SMA. Independent

origin of CHA and SA from aorta.

Type III000 splenomesenteric trunk (SMT) Common origin of SA and SMA. Independent

origin of CHA and LGA from aorta.

Type IV (Common trunk of any one

branch of CA with SMA and other two

branches having common origin from

aorta)

Type IV0 hepatomesenteric trunk (HMT) and

gastrosplenic trunk (GST)

Common origin of CHA and SMA from aorta;

Common origin of LGA and SA from aorta.

Type IV00 gastromesenteric trunk (GMT) and

hepatosplenic trunk (HST)

Common origin of LGA and SMA from aorta;

Common origin of CHA and SA from aorta.

Type IV000 splenomesenteric trunk (SMT) and

hepatogastric trunk (HGT)

Common origin of SA and SMA from aorta;

Common origin of CHA and LGA from aorta.

c.s. ramesh babu et al. / celiacomesenteric trunk and its variants 35
artery and its three branches and the superior mesenteric

artery develop from the 10th to 13th vitelline arteries. Nor-

mally the roots of origin of 11th and 12th vitelline arteries

from the dorsal aorta disappear, while the 10th root along

with longitudinal anastomosis give rise to celiac artery and its
Fig. 2 e Showing Morita's Type I′ classical celiacomesenteric tru

dividing into celiac artery (CA) and superior mesenteric artery (S

(SA) and common hepatic (CHA) arteries. B: Sagittal MIP image of

a 55 year old male showing CMT dividing into CA and SMA. The

(CIPA) and then divides into LGA, SA and CHA.
three branches. After the disappearance of longitudinal

anastomosis between 12th and 13th vitelline arteries, the

superior mesenteric artery develops from the 13th vitelline

artery. Anomalies of the CA and SMA can occur due to

persistence of the ventral longitudinal anastomosis and
nk (CMT). A: VR image of a 55 year old female showing CMT

MA) and CA further dividing into Left gastric (LGA), splenic

a 65 year old female showing classical CMT. C: VR image of

CA is giving origin first to a common inferior phrenic trunk



Fig. 3 e A, B: showing Morita's Type II′ variant, the hepatosplenomesenteric trunk (HSMT). Sagittal MIP and VR images of a

52 year old male showing HSMT with independent origin of left gastric (LGA) from aorta. HSMT divides into Superior

mesenteric (SMA) and hepatosplenic trunk which further divides into splenic and common hepatic arteries. C: VR image of a

56 year old female showing HSMT and gastrophrenic trunk (GPT) arising from aorta. The GPT gives rise to LGA and common

inferior phrenic trunk.
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regression of some of the roots of vitelline arteries. Embryo-

logically therefore, the occurrence of CMT can be explained by

the regression of the 10th root and persistence of ventral

anastomosis between 12th and 13th roots (Fig. 8).

Due to the complex development of CA and SMA, varia-

tions of their branching pattern are innumerable and Michels

observed that “no two arterial vascularization patterns of any

of the organs above the transverse colon are ever the same”.22

To simplify the understanding of these vascular variants of

CA, SMA and hepatic arteries, many authors have proposed

and adopted different classification systems. Since there is no

universally accepted classification system, we have followed

Morita's classification21 which identifies celiac artery variants

and celiacomesenteric trunk variants separately (Table 2).
Fig. 4 e A- VR images of a 50 year old female showing Morita's T

gastrosplenic trunk (GST). HMT gives rise to SMA and CHA and

female showing HMT and GST. A common inferior phrenic trun
We have observed CMT and its variants as described in the

literature only in 17 cases. In 2 cases we have noted incom-

plete type of hepatomesenteric trunk not described before

(Table 3). The classical CMT (Morita's Type I0) was observed

only in 3 cases (0.43%). In one case CA arising from CMT gave

rise to common inferior phrenic trunk as an additional branch

(Fig. 2C). After analyzing a total of 10750 cases from 19 studies,

Matusz et al reported that complete CMT was noted in 0.68%

cases and incomplete CMT in 1.75% cases.3 Panagouli et al

reported that CMT has an incidence of 0.76% (93/12196 cases

from 36 studies).4 The incidence of CMT reported by other

workers are given in Table 1. Yilmaz et al23 and Anupama

et al24 reported the presence of classical CMT in cadavers and

Rountas et al25 demonstrated its presence in two cases by
ype IV ‘ variant, the hepatomesenteric trunk (HMT) and the

GST divides into LGA and SA. B- VR image of a 46 year old

k (CIPA) arises from the GST.



Fig. 5 e A, B: VR and axial MIP images showingMorita's Type III′ variant with HMT and independent aortic origin of LGA and

SA. The HMT divides into SMA and CHA. Axial MIP image clearly show independent origin of LGA and SA from aorta.
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MDCT angiography. Origin of right or left inferior phrenic or

common inferior phrenic trunk as an additional branch from

celiac artery arising from CMT was reported by Bhatnagar

et al.26 Sridhar Verma et al27 reported the initial division of

CMT into gastrosplenic and hepatomesenteric trunks and

Kara et al28 reported that the CMT after giving origin to CHA

and SA continued as the gastromesenteric trunk which then

split into LGA and SMA. It is observed that there is a male

preponderance in the occurrence of CMT in the published case

reports.
Fig. 6 e VR image of a 31 year old male showing Morita's
Type IV00 variant, the Gastromesenteric trunk (GMT) and

hepatosplenic trunk (HST). GMT divides into LGA and SMA.

HST gives rise to SA and CHA.
Morita'sType II0 variant (Hepatosplenomesenteric trunkand

LGA) was noted in 3 cases only (0.43%). The incidence of HSMT

as reported in the literature varies from 0.16% to 1.0%.5,6,18

Presence of HSMT, incidentally found during cadaveric

dissection, has been reported.29e31 Johnson et al32 and Hir-

emath et al33 found HSMT during CT angiographic evaluation,

though Johnson et al described this variant as celiacomesen-

teric trunk in their report. Loukas et al34 described a spleno-

mesenteric trunk in a female cadaver which divided into SMA

and splenic artery. The splenic artery following a looped course
Fig. 7 e VR image of a 40 year old female showing an

incomplete HMT giving rise to SMA and proper hepatic

artery (PHA). The celiac artery is dividing into LGA, SA and

gastroduodenal arteries (GDA). In this case a retroaortic left

renal vein was also observed.



Fig. 8 e Development of CA and CMT as proposed by Tandler. Normally CA develops from the 10th root and the longitudinal

anastomosis and regression of longitudinal anastomosis between 12th and 13th roots. SMA develops from 13th root. CMT

develops when the 10th root regresses and longitudinal anastomosis between 12th and 13th roots persists. PVSA- Primitive

Ventral Splanchnic Arteries; LAA- Longitudinal Arterial Anastomosis.
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near the hepatobiliary triangle gave origin to CHA. Though the

authors did not specify the origin of LGA, in reality the trunk

described by them should have been named as HSMT.

The most common variant observed in our study is hep-

atomesenteric trunk (common origin of CHA and SMA) with
Table 3 e Summary of celiacomesenteric trunk variants obser

Sl.no Description of variant Typ
(Morit

classifica

1 Celiacomesenteric trunk (classically divides into CA

and SMA)

Type I0

2 Hepatosplenomesenteric trunk (LGA from aorta) Type II0

3 Hepatomesenteric trunk

(Independent origin of LGA and SA from aorta)

Type III0

4 Hepatomesenteric trunk

(Gastrosplenic trunk- common origin of LGA and SA

from aorta)

Type IV0

5 Gastromesenteric trunk

(Hepatosplenic trunk from aorta)

Type IV00

6 Incomplete HMT- Proper hepatic artery from SMA

(celiac artery gives rise to LGA, SA and GDA); RHA &

GDA from SMA (LGA gave rise to replaced LHA)

Not descr
gastrosplenic trunk (common origin of LGA and SA). This

variant (Morita's Type IV0) was present in 9 cases (1.32%; 5

females; 4 males). The incidence of HMT as reported in the

literature vary from 0.4 % to 4.47 %.5e7 Origin of inferior

phrenic arteries, either separately or as a common trunk, from
ved in the study.

e
a's
tion)

Number
of cases

Remarks

3 (F ¼ 2;

M ¼ 1)

In one case CMT gave an additional branch-

common trunk of inferior phrenic arteries.

3 (F¼1;

M ¼ 2)

In one case LGA gave common Inferior phrenic

trunk.

1 (M ¼ 1)

9 (F ¼ 5;

M ¼ 4)

In one case GST gave common inferior phrenic

trunk. In another case HMTwas seen in a patient of

polysplenia heterotaxy syndrome.

1 (M ¼ 1)

ibed 2 (F ¼ 2)



Fig. 9 e Variable relationship of CHA arising from SMA with portal vein. A: CHA having preportal course (Adachi Type V). B:

CHA having retroportal course (Adachi Type VI). C: Axial MIP image Long arrow shows retropancreatic and preportal CHA

(Adachi Type V) Short arrow shows portal vein (PV). D: Axial MIP image. Short arrow shows retropancreatic and retroportal

CHA (Adachi Type VI). Long arrow shows portal vein.
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the gastrosplenic trunk was also reported.35,36 Adachi has

classified the CHA originating from SMA passing ventral to

portal vein as Type V and dorsal to portal vein as Type VI.37

Based only on the hepatic arterial pattern Michels22 and

Hiatt2 classified the CHA origin from SMA as Type IX and Type

V respectively and these authors did not take the mode of

origin of LGA and SA into consideration. Discussing the sig-

nificance of presurgical evaluation of such arterial aberrations

in extended pancreatic resections, Egorov et al found an

incidence of 2.6% by CT angiography and 5.1% by operative

data for CHA origin from SMA.38

The presence of CMT variants, especially the CHA arising

from SMA and its variable relationship with pancreas and

portal vein, is very important for hepatobiliary and pan-

creaticoduodenal surgeries. Song et al5 described the variable

course of CHA in relation to pancreas as suprapancreatic

(along upper border of head of pancreas), infrapancreatic

(inferior to head and uncinate process), retropancreatic (pos-

terior to head of pancreas) and transpancreatic (through

pancreatic parenchyma). Presence of transpancreatic CHA

complicating pacreaticoduodenal surgery has been re-

ported.17 CHA arising from SMA can have a preportal (Adachi

Type V) or retroportal course (Adachi Type VI) (Fig. 9A, B). Out

of 9 cases of HMT observed in the present study, retro-

pancreatic preportal CHA was observed in 3 cases and retro-

pancreatic retroportal CHA in 6 cases (Fig. 9C, D).
HMT with independent origin of SA and LGA from aorta

(Morita's Type III0) was found only in one male patient (0.15%)

(Fig. 5A, B). Similar such variant was reported by Saga et al in a

female cadaver.39 Recently Iacob et al reported what they

claimed to be the first case report with this variant (Morita's
Type III0) using MDCT angiography.40 The incidence of this

variant reported in the literature using radiological pro-

cedures varies from 0.24% (12/5002 cases)5 to 0.33% (2/600

cases).6 Another very rare variant, gastromesenteric trunk

(GMT) and hepatosplenic trunk (HST) was found in one male

patient (0.15%) (Fig. 6). Two female patients exhibited incom-

plete HMT, not described in the literature. In one case SMA

gave origin to proper hepatic artery with CA giving gastrodu-

odenal, left gastric and splenic arteries (Fig. 7). In another case

SMA gave origin only to right hepatic and gastroduodenal ar-

teries and the LGA from gastrosplenic trunk gave rise to a

replaced LHA.
5. Conclusion

Accurate knowledge of the anatomical variations of the CA

and SMA will help to avoid complications in abdominal sur-

geries and successful accomplishment of surgical, oncological

or interventional procedures. The all important factor in the

management of vascular anomalies is its recognition to
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prevent any inadvertent injury. Forewarning in the form of

clues provided by preoperative imaging can help better prep-

aration and planning, decreasing the chances of intra-

operative vascular injury and potentially help in avoiding

postoperative complications. It is desirable that when a CMT

variant is observed the associated variation of the CA should

also be noted to avoid any ambiguity and the surgically

important relations of the CMT variant with pancreas and

portal vein should also be emphasized. Better delineation of

aberrant vessel and its relationship with the surrounding

structures and organs can be easily achieved by MDCT

angiography.
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