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Hepatopancreatic arterial ring: bilateral
symmetric typology in human

celiaco-mesenteric arterial system.∗

Motohiro Kosaka, Kanji Horiuchi, Keiichiro Nishida, Takehito Taguchi, Takuro
Murakami, and Aiji Ohtsuka

Abstract

The celiac and mesenteric arterial system including the left gastric, splenic, common hep-
atic, and superior mesenteric arteries shows various types of origins, courses, ramifications and
anastomoses. In order to explain the various expressions of this system, we have proposed a ty-
pological model, in which celiacomesenteric arteries develop as paired or bilaterally symmetrical
primordial vessels originated from the anterior aspect of the aorta, and these vessels anastomose
each other with longitudinal and horizontal pathways. Here, we report 3 unusual cases character-
ized by arterial rings, formed by the left gastric, left accessory hepatic, proper hepatic, anterior
pancreaticoduodenal, and dorsal pancreatic arteries. The dorsal pancreatic and anterior pancre-
aticoduodenal arteries are located to the right and left of the embryonic pancreas developing in
the dorsal mesentery, respectively. Such hepatopancreatic arterial rings simultaneously containing
right and left elements can only be explained using our typological model, in which the concept
of paired arteries or bilateral symmetry is introduced.

KEYWORDS: arterial variation, celiac trunk, superior mesenteric artery, typology, bilateral sym-
metry
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HepatopancreaticArterialRing:BilateralSymmetricTypology
inHumanCeliaco-MesentericArterialSystem

MotohiroKosaka,KanjiHoriuchi,KeiichiroNishida,TakehitoTaguchi,
TakuroMurakami,andAijiOhtsuka

DepartmentofHumanMorphology,DepartmentofOrthopaedicSurgery,OkayamaUniversityGraduateSchoolof
MedicineandDentistry,andDepartmentofRadiologicalTechnology,FacultyofHealthSciences,

OkayamaUniversityMedicalSchool,Okayama700-8558,Japan

Theceliacandmesentericarterialsystemincludingtheleftgastric,splenic,commonhepatic,and
superiormesentericarteriesshowsvarioustypesoforigins,courses,ramificationsandanastomoses.
Inordertoexplainthevariousexpressionsofthissystem,wehaveproposedatypologicalmodel,in
whichceliacomesentericarteriesdevelopaspairedorbilaterallysymmetricalprimordialvessels
originatedfromtheanterioraspectoftheaorta,andthesevesselsanastomoseeachotherwith
longitudinalandhorizontalpathways.Here,wereport3unusualcasescharacterizedbyarterial
rings,formedbytheleftgastric, leftaccessory hepatic, properhepatic, anteriorpan-
creaticoduodenal,anddorsalpancreaticarteries.Thedorsalpancreaticandanteriorpan-
creaticoduodenalarteriesarelocatedtotherightandleftoftheembryonicpancreasdevelopingin
thedorsalmesentery,respectively.Suchhepatopancreaticarterialringssimultaneouslycontaining
rightandleftelementscanonlybeexplainedusingourtypologicalmodel,inwhichtheconceptof
pairedarteriesorbilateralsymmetryisintroduced.

Keywords:arterialvariation,celiactrunk,superiormesentericartery,typology,bilateralsymmetry

T hreeunpairedarteries theceliactrunkandthe
superiorandinferiormesentericarteries usu-

allyoriginatefromtheanterioraspectoftheabdominal
aorta,andsupplytheabdominaldigestiveorgansand
spleen.Amongthese,theceliactrunk,awideventral
branchjustbelowtheaortichiatus,passesalmosthori-
zontallyforwardofandslightlyabovethepancreasand
splenicvein,thendividingintothefollowing:theleft
gastric,commonhepatic,andsplenicarteries.These
threeandthesuperiormesentericarteriesvaryintermsof
patternoforigins,courses,ramifications,andanas-

tomoses［1-14］.Theceliactrunkoritsbranchesmay
alsogiveo oneorboth(leftandright)theinferior
phrenicarteries［15］.Thesevariationshavebeen
classifiedandexplainedusingclassicaltypologicalmodels
［16,17］.Theclassicalmodelsarecharacterizedby4
longitudinallyanastomosedvessels(leftgastric,splenic,
commonhepatic,andsuperiormesenteric),whichin-
dependentlyoriginatefromtheabdominalaorta.Some
commonvariations,suchashepatomesenterictrunkor
independentoriginofleftgastricartery,arewellaccount-
edforusingthisclassicmodel,althoughitdoesnot
explaintheformationofsomerarevariationssuchas
hepatogastricorsplenomesenterictrunkformation.Previ-
ously,wepresentedtypologicaldiagramsofthephrenico-
celiaco-mesentericarterialsystem［8,9,15］.These
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diagramswereusefulforintroducingtheconceptof
left-rightbilateralitytoexplainseveralunpairedorunilat-
eralvariationsinthisarterialsystem.
Inthepresentstudy,wepresentrareanomalouscases

characterizedbyarterialringformationoftheleftgastric-
leftaccessoryhepatic-properhepatic-anteriorpancreati-
coduodenal-dorsalpancreaticarteries.Forexplanationof
sucharterialringformation,thebilateralityconceptis
required;somesegmentsoftheringbelongtotheright
system,otherstotheleft.

MaterialsandMethods

In1996-2000,weencounteredsignificanthepatopan-
creaticarterialringsin3Japaneseadultcadavers.Age,
sex,clinicaldiagnosisatdeath,andabdominalsurgical
historyofthesecasesaresummarizedinTable1.
Cadaverswerefixedconventionallybyarterialperfusion
with10 formalinthroughtherightorleftradialartery,
andsubsequentlydehydratedwith50-60 ethanolat
40°C.Untildissection,theywerestored,for6months
orlonger,inastainless-steelbodystoragesystem
(Katoman,Tokyo,Japan).Dissectionwasperformedin

ahumangrossanatomycourseformedicalstudentsatthe
OkayamaUniversityMedicalSchool.

Results

(Fig.1). Theleftgastricandsplenic
arteriesformedacommontrunkwiththeleftinferior
phrenicarteryandarosefromtheanterioraspectofthe
abdominalaortabeneaththeaortichiatus.Thisphrenico-
gastro-splenictrunkimmediatelygaveo theleftinferior
phrenicartery,anddividedintotheleftgastricandsplenic
arteriesbehindtheomentalbursa.Theleftgastricartery
ascendedalongtheleftgastropancreaticfoldandreached
theupperendofthelessercurvatureofthestomach.The
leftaccessoryhepaticarteryissuedfromtheleftgastric
arteryintheleftgastropancreaticfold,thenranalongthe
fissurefortheligamentum venosum inthelesser
omentum,givingabranchtotheesophagus,andreached
thehepaticportalregion.Thesplenicarterygaveo the
anteriorrightaccessoryhepaticartery［11］attheupper
marginofthepancreaticbody,ranleftalongthepancreas,
andreachedthehilum ofthespleenthroughthe
phrenicolienalligament.Theanteriorrightaccessory
hepaticarterydescendedontheposterioraspectofthe
pancreas,turnedrightatitslowermargintoappearin
frontoftheportalvein,andascendedonthepancreatic
anteriorsurface,whereitbranchedo theanterior
superiorpancreaticoduodenal,rightgastroepiploic,and
posteriorsuperiorpancreaticoduodenalarteries.The
anteriorrightaccessoryhepaticartery,givingotheright
gastricarterytothelessercurvatureofthestomach,
ascendedfurtherinthehepatoduodenalligamentalongthe
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Table2 AbbreviationsinFigures1-3,5,and6

a:abdominalaorta
c:intercostal(orlumbar)artery
d:dorsalpancreaticartery
e:superioranteriorpancreaticoduodenalartery
f:inferioranteriorpancreaticoduodenalartery
g:leftgastricartery
h:commonhepaticartery
i:inferiorphrenicartery
ii:internaliliacartery
k1:anteriorrightaccessoryhepaticartery
k2:posteriorrightaccessoryhepaticartery
k3:leftaccessoryhepaticartery
m:superiormesentericartery
m1:leftandrightsubphrenicarteries

m2:leftandrightupperventriculararteries
m3:leftandrightmiddleventriculararteries
m4:leftandrightlowerventriculararteries
m5:leftandrightupperintestinal(superiormesenteric)
arteries

m6:leftandrightlowerintestinal(inferiormesenteric)
arteries

n:renalartery
o:leftaccessoryhepaticartery
p:properhepaticartery
r:rightgastroepiploicartery
s:splenicartery
t:testicular(ovarian)artery
ti:internalthoracicartery

u:umbilicalartery
v:portalvein
w:gastroduodenalartery
x:accessorygastricartery
y:rightgastricartery
B:commonbileduct
D:duodenum
G:gallbladder
H:liver
I:intestine
K:kidney
P:pancreas
S:stomach
Sp:spleen

Table1 Generaldescriptionofthecases

Case Sex AgeDiagnosisatdeath Abdominalsurgicalhistory

1 Male 83y Lungcancer No
2 Female83y Pneumonia No
3 Male 73yCerebralinfarction No

y,yearold.
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anteriorsideoftheportalvein,andreachedthehepatic
portalregion,wheretheanteriorrightaccessoryhepatic
andleftaccessoryhepaticarteriesanastomosedtoforman
arterialarch.Thus,theseaccessoryhepaticarteries
formedanarterialringaroundthepancreasandlesser
omentum.Therightandlefthepaticbranchesarosefrom
thishepaticarterialarch.Additionally,thesuperior
mesentericarteryissuedtheposteriorrightaccessory
hepaticartery,whichranposteriorlytotheportalveinon
thebacksideofthepancreas,whereitgaveo branches
tothepancreasandtheduodenum,thenascendedbehind
thecommonbileductandportalveintoreachthegall
bladderandthehepaticrightlobeandtosupplythem.

(Fig.2). Theleftgastricandsplenic
arteriesformedacommontrunk(gastro-splenictrunk),
whicharosefromtheanterioraspectoftheabdominal
aorta.Theleftgastricarteryranthroughtheleftgas-
tropancreaticfoldtothelessercurvatureofthestomach.
Thesplenicartery,afterissuingthedorsalpancreatic
artery,ranalongthesuperiorborderofthepancreas,and
reachedthespleen.Thedorsalpancreaticarterydescend-
edfromtheposterioraspectofthepancreastowardits
inferiormargin,whereitbecametheinferiorpancreatic
artery.Thesuperiormesentericarteryoriginatedfrom
theaortajustinferiortothegastro-splenictrunk,and
issuedtheposteriorrightaccessoryhepaticartery.This

HepatopancreaticArterialRingOctober2002

Fig.1 Linedrawingrepresentationofcase1.Threeaberrantaccessoryhepaticarteries(k1,k2,andk3)co-exist,andthecommonhepatic
arteryislost.Noteacompletearterialringmadeofanastomosedleftandrightaccessoryhepaticarteries(asterisk).Abbreviations:see
Table2.
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accessoryhepaticarterypassedbehindtheportalveinand
ranbetweenthecommonbileductandtheportalveinto
appearinfrontofthebileduct,wherethisarterybifurcat-
edintothegastroduodenalandproperhepaticarteries.
Theproperhepaticartery,afterbranchingo theright
gastricartery,ascendedalongtheanterioraspectofthe
portalveintoreachtheportahepatis,whereitdivided
intorightandleftbranches.Therightbranchpassed
throughbehindthehepaticduct,issuedabranchtothe
gallbladder,andenteredtherightlobeoftheliver.The
leftbranch,runningalongthefissurefortheligamentum
venosum,gaveathickbranchtothehepaticleftlobe,and
finallybecametheaccessorygastricartery,whichcoursed
alongtheuppermarginofthelesseromentumtosupply

thecardiaandfundusofthestomach.Thegastroduodenal
arterygaveothesuperiorposteriorpancreaticoduodenal
artery,whichranontheposteriorsurfaceofthepancreas
and anastomosed with theinferiorposteriorpan-
creaticoduodenalartery, abranch ofthesuperior
mesentericartery.Subsequently,thegastroduodenal
arterygavethepancreaticheadabranch,whichinturn
anastomosedwiththeinferiorpancreaticartery(see
above).Thenthegastroduodenalarterydividedintothe
rightgastroepiploicarteryandthesuperioranteriorpan-
creaticoduodenalartery.Thelattermadeanarterial
arcadewiththeinferioranteriorpancreaticoduodenal
artery,whichwasderivedfromthesuperiormesenteric
artery.Thus,arterialringsaroundthepancreaswere

Fig.2 Linedrawingrepresentationofcase2.Thelackofausualcommonhepaticarteryiscompensatedforbyananomalousposterior
rightaccessoryhepaticartery(k2),whichrunsbehindtheportalvein.Noteanarterialringmadeoftheaccessoryhepatic(k2),gastroduodenal
(w),pancreaticoduodenal(e),andsuperiormesenteric(m)arteries.Otherabbreviations:seeTable2.
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comprisedofthesuperiormesenteric,posteriorright
accessoryhepatic,gastroduodenal,andsuperiorand
inferiorpancreaticoduodenalarteries.

(Fig.3). Theceliactrunkaroseasusual
(i.e.,asthegastro-spleno-hepatictrunk)fromtheanterior
aspectoftheabdominalaorta.Theleftgastricartery
reachedthecardiacregionofthelessercurvature;the
commonhepaticarteryemittedtheproperhepaticartery,
whichraninfrontoftheportalveintotheportahepatis,
whereitprovidedtheaccessorygastricarteryandgave
therightgastricarterytothepyloricregionofthelesser
curvature,thenbecamethegastroduodenalartery.The
gastroduodenalarterybranchedo theposteriorsuperior
pancreaticoduodenalarteryattheuppermarginofthe
pancreatichead,andbifurcatedintotherightgastroepi-
ploicandanteriorsuperiorpancreaticoduodenalarteriesat

theanterioraspectofthepancreas.Thesplenicartery
gaveo acommontrunkoftheposteriorrightaccessory
hepaticanddorsalpancreaticarteries.Thisaccessory
hepaticarterypassedbehindtheportalveinandthe
commonbileduct,andrantotherightlobeoftheliver.
Thedorsalpancreaticarterydescendedontheposterior
aspectofthepancreaticbody,andappearedonthe
anterioraspectofthepancreatichead,whereitanas-
tomosedwithabranchoftheanteriorsuperiorpan-
creaticoduodenalartery.Here,achainofthecommon
hepatic, gastroduodenal, anterior superior pan-
creaticoduodenal,dorsalpancreatic,posteriorrightacces-
soryhepatic,andsplenicarteriesformedanarterialring
aroundthepancreas.Theinferiorpancreaticoduodenal
arteryarosefromthesuperiormesentericartery,and
dividedintothe2branches,anteriorandposterior,which

Fig.3 Linedrawingrepresentationofcase3.Ananomalousartery,theposteriorrightaccessoryhepatic(k2),isoriginated,makinga
commontrunkwiththedorsalpancreaticartery,fromthesplenicartery.Notethatanarterialringaroundthepancreasisformedbyathick
connectionofthepancreaticoduodenalanddorsalpancreaticarteries(asterisk).Otherabbreviations:seeTable2.
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inturnanastomosedwiththeanteriorandposterior
superiorpancreaticoduodenalarteries,respectively.

Discussion

Thepresentstudyreported3casesofcompleteand
incompletearterialringsintheceliaco-mesentericarterial
systemaroundthepancreasandliver.Thearterialringin
case1consistedofachaincomprisedofthesplenic,
anteriorrightaccessoryhepatic,accessorygastric,and
leftgastricarteries.Incase2,theringwasformedby
connectionofthesuperiormesenteric,posteriorright
hepatic, gastroduodenal, anterior superior pan-
creaticoduodenal, and anterior inferior pan-
creaticoduodenalarteries.Incase3,theringwascom-
prisedofthecommonhepatic,gastroduodenal,anterior
superiorpancraticoduodenal,dorsalpancreaticandposte-
riorrightaccessoryhepaticarteries.Ourprevious
typologicaldiagrams［8,9］(Fig.4)weremodifiedor
revisedinordertoexplaintheformationofthesearterial
ringsseeninthepresentcases(Fig.5A).Explanations
ofthepresentcasesaregivenusingthismodified
typologicalmodel(Fig.5B-D).
Thepresentcasesshowanomaloushepaticarteries,

particularlytheanteriorandposteriorrightaccessory
hepaticarteries.Theanteriorrightaccessoryhepatic
arteryincase1isconsideredtohavecompensatedwith
thickening of the anterior superior-inferior pan-
creaticoduodenalarteriesforthelackofatypicalcommon
hepaticartery［11］.Theposteriorrighthepaticarteryin
case2isconsideredtobeanunusuallydevelopedvessel
fromtheposteriorsuperior-inferiorpancreaticoduodenal
arteriesandnutrientarteriesofthebileduct.Theposte-
riorrightaccessoryhepaticarteryincase2seemstohave
derived from pancreaticbranchesofthesuperior
mesentericartery［12］.Incase3,anunusuallydevel-
opedbranchofthedorsalpancreaticarterymighthave
becomethisanomaloushepaticartery［6］.
Generally,itiswellknownthattheceliaco-mesenteric

systemshowsnumerousvariationsinitsbranchingand
originatingpattern.Adachi［1］exhaustivelyinvestigated
252casesandclassifiedthevariationalpatternsinto5
typesbasedonthecombinationoforiginsandtrunk
formationoftheleftgastric,splenic,commonhepatic,
andsuperiormesentericarteries.Accordingtohissys-
tem,thepresentcase1,case2,andcase3areclassified
asAdachi’sTypeVI,TypeVI,andTypeI,respective-
ly.Morita［16］encounteredacasethatcouldnotbe

classifiedasoneofAdachi’stypes,andconsideredtheo-
reticallyatypologicalmodeloftheceliaco-mesenteric
arterialsystem.Hismodelexplainedvariationalpatterns

Fig.4 AtypologicaldiagrampreviouslydemonstratedbyMura-
kamietal.(1998).Thisdiagramisreproducedforcomparisonwith
ourdiagram(Fig.5).Thedarklyshadedvascularroutesindicatean
ordinarypatternoftheceliacomesentericsystem.Hepatopancreatic
arterialringsinthepresentcasesarenoteasilyexplainableusingthe
previousmodel.Thearterieslabeled1,2,3,4,5,and6corre-
spondtom1,m2,m3,m4,m5,andm6inFig.5,respectively.
(Organs)C,gallbladder;D,duodenum;E,esophagus;G,stom-
ach;H,liver;L,intestine;M,cloaca;O,allantois;P,pancreas;
R,vitellineduct;T,hindgut;V,portalvein.(Celiaco-mesenteric
arteries)1,leftandrightsubphrenicarteries;2,leftandrightupper
ventriculararteries;3,leftandrightmiddleventriculararteries;4,
leftandrightlowerventriculararteries;5,leftandrightupper
intestinalarteries;6,leftandrightlowerintestinalarteries;ca,
accessorymiddlecolicartery;ch,commonhepaticartery,cm,
middlecolicartery;cy,cysticartery;ic,ileocolicartery;id,inferior
pancreaticoduodenalartery;le,leftgastroepiploicartery;lg,left
gastricartery;lh,leftaccessoryhepaticartery;1i,leftinferior
phrenic artery;mi, inferior mesenteric artery;ms, superior
mesentericartery;ph,properhepaticartery;pm,pancreaticbranch
(arteriapancreaticamagna);re,rightgastroepiploicartery;rg,
rightgastricartery;rh,rightaccessoryhepaticartery;ri,right
inferiorphrenicartery;sd,superiorpancreaticoduodenalartery;sp,
splenicartery;tc,celiactrunk.(Otherarteries)A,abdominalaorta;
c,intercostalorlumbararteries;k,leftrenalartery;I,common
iliacarteries;m,leftmiddleadrenalartery;p,inneriliacarteries;
t,lefttesticularorovarianartery;u,umbilicalorsupravesical
arteries;v,vitellinearteries.Reproducedwithpermissionfrom［9］.

Kosakaetal. ActaMed.Okayama Vol.56,No.5250
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Fig.5 Atypologicalpatternoftheceliaco-mesentericarteriesatanearlystageofthefetalperiod(viewedfromtheleftside),modified
afterMurakamietal.(1998)(A),andtypologicaldemonstrationsofcase1(B),case2(C),andcase3(D)usingthisdiagram.The
gastrointestinalloop(I),liver(H),gallbladder(G),pancreas(P),andspleen(Sp)aresuppliedbythe6setsofpairedvessels:leftandright
subphrenicarteries(m1),leftandrightupperventriculararteries(m2),leftandrightmiddleventriculararteries(m3),leftandrightlower
ventriculararteries(m4),leftandrightupperintestinal(superiormesenteric)arteries(m5),andleftandrightlowerintestinal(inferior
mesenteric)arteries(m6).Thesepairedvesselsareconnectedbyhorizontalandlongitudinalanastomoses.Otherabbreviations:seeTable2.

251HepatopancreaticArterialRingOctober2002
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byfourunpairedvessels(leftgastric,splenic,hepatic,
andsuperiormesentericarteries)thatoriginatedfromthe
anterioraspectoftheabdominalaortaandwereconnected
bylongitudinalanastomosingvessels.Thislongitudinal
anastomosisisbasedonTandler’sobservationofthe
humanembryo［17］.Morita’smodelwellexplained
commonvariationssuchasindependentoriginoftheleft
gastricarteryortrunkformationofgastro-splenicand
hepato-mesenteric trunk. Furthermore, his model
predictedtheindependentoriginsofthe4vessels,which
rareanomalyhasbeenreportedbyseveralgroups,includ-
ingours［9］.However,hismodelcannotexplainsome
veryrareanomalies,suchasgastro-hepaticandspleno-
mesenterictrunkformationthatavoidscrossoverofthe
vessels［5］.Incontrast,ourbilateraltypologicalmodel,
candemonstratesuchraretrunkformation.
Ourtypologicalmodelofthemesentericarterialsys-

temischaracterizedbythe5pairsofintestinalarteries
originatingfrom theaortaandtheirlongitudinaland
horizontalanastomoses(Figs.5A,6).Felix［18］inves-
tigatedthedevelopmentoftheabdominalarteriesinthe
humanembryo.Intheearlystage,paireddorsalaortae
developandemitbrancheslaterallytotheprimitiveintes-
tineoryolksac.Thesebranchesbilaterallycreatethe
intestinalarterialnet.Themesentericarteries,orceliaco-
mesentericarterialsystem,whichisderivedfromthe
omphalomesentericarteries,originallydevelopfromthe
bilaterallysymmetricalintestinalarterialnet.
Thearterialringformationinthepresentcasesstrong-

lysuggestsapairedbilateralarterialsystem inthe
mesentery.Thepancreaswasdevelopedintheposterior
mesentery,andthestomachwasrotated,withitsright
aspectfacingbehind.Thearterialsegmentthatruns
behindthepancreasderivesfromtherightsystem;the
segmentthatrunsinfrontofthepancreasderivesfrom
theleftsystem;andthesegmentoftheleftgastricartery
tothehepaticportalbelongstotherightsystem.Thus,
thesecasesofarterialringsaroundthepancreasare
explainedasthecontinuationoftherightandleftarterial
system.Itisnoteworthythatlongitudinalanastomosis
commonlyappearedinothersitesofthebodyinthese
cases.Forexample,thelongitudinalanastomosisatthe
anteriorthoracicandabdominalwall(anteriorparietal)
remainsastheinternalthoracicandsuperiorandinferior
epigastricarterialaxis(Fig.6).Inthearterialsystemof
thescalenusregion,atypologicaldiagramintroducing
precostallongitudinalanastomosesbetweeninterseg-
mentalarteriescanexplainvariouspatternsoforigination

andbranching［19］.Intheceliacomesentericarterial
system,variationalpatternsoftrunkformationand
branchingarewellexplainedusinglongitudinalanas-
tomoticvesselsbetweensegmentalmesentericarteries.
Thus,longitudinalanastomoticvesselsplayanimportant
roleinthemorphogenesisoftheparietalandvisceral
vascularsystems.
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