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SegmentalLiverGraftsinAduLtandPediatric  
l11 LiverTransplantRecipients：AlO－Year  
■ ComparativeAna］ysisof2，988Cases  
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Da［aOnlongtermou［COmeSafterlivertransplanta亡ionwi亡hpartialgra丘sarelimited・We  

comparedlO－YearOu［COmeS丘）rliver【ranSPlan〔Patien［SWhoreceivedwholegrafts（WIJ），Split  

grafts丘■Omdeceaseddonors（SLr），andpartialgra丘sfromlivingdonors（LDLT）・  

Wtconduc［edaslngle－CenteranalYSisof2，988iiver【ranSPlantat；onsperfom－edben陀enAugus亡  

1993andMay2006withmedianfbllowupof5years・Gra丘typesincluded2，717whole，liver，181  

split－1iver，and901ivlng－donorpartiallivers．Split－1ivergr濾sincludedlO9le丘1ateraland72ex一  

【endedrightpartiallivers・Living－donorgra丘sincluded491e丘1a〔eraland41righ［Par［ialhvers・  

ThelO，yearPa［ientsurvivalsforWl二1SlユandLDIJwere72％，69％，and83％，reSPeCtivelY  

（p＝0・11），andthoseforgra丘survjvalwere62％，55％，and65％，reSPeCtively（p＝0・088）・  

Therewereditfさrencesinoutcomesbetweenadultsandchildrel－Whencomparedsepara〔elYbY  

gra丘tYPeS・Inadul亡S，10－yearPatientsurvivalwassignificantlvlowerfbrsplitex［endedright  

livergraftcomparedwi［hadultwholeliverandliving－donorrigh亡Iivergraft（57％versしu72％  

VerSuS75％，reSPeCtively，P＝0・03）・Gra丘survivalfbradultswassimi1arfbraugra丘甲PeS・Re［ranS，  

pla11tation，reClplentageOlderthan60years，donorageolder血an45YearS，SPli亡eX【endedrighrliver  

graft）andcoldischemiatime＞10hourswerepredictorsofdiminishedpadentsurvivaloutcomes・  

Inchildren，thelO－YearPatien亡andgra丘surviv山sweresimjiarforal王grahq7PeS・  

Longtermgra丘survivalratesinbo亡hadul【Sandchildrenfbrsegmentalgra丘sfiomdeceasedand  

livingdonorsarecomparablewi［hthoseinwholeorganliver【ranSPlan亡ation・Inadults，Patient  

SuⅣivalwaslowerらrspli亡COrnParedwithwholegra鮎whenusedinre［ranSPlanta【ionsandin  

critica11Yi11recIPlen亡S・Spli【graffrto－reCIPlen亡ma［ChinglSCruCialfbroptimalorganallocation  

andbestuseofascarceandpreciousresource．（JAmCollSurg2009；208：682－691・◎2009bY  
theAmericanColiegeofSurgeons）  

BACKGROUND：  

STUDY DESIGN：  

RESULTS：  

CONCLU引ONS：  

Donoravailabili亡yistheprlnCipallimitlngfictorfbrex－  

PanSiol－Ofliver【ranSPlan［ation（u’）・In2007，【herewere  

17，000candidatesonthewaitlnglis【；Only6，400pa［ients  

received亡ran叩1antsandmore血n2，う00pat血t5diedfbr  

1ackofdonororgans（20080rganProcuremen【andl†ans－  
plantationNetwork／ScientiGcResistryonhnsplantRe－  
cipients）・Withthesca∫CiTyOfwholeorgangra丘s，Particu－  

larlvinsmallchildren，innovativeproceduresuslngPartial  
livergrafts丘omdeceasedandlivingdonorshaveimproved  
theavailabili【yOfdonororgansandloweredmortalityon  
thetransplantwaitlnglist・   

Theabilitytousepartialhepaticgraftsisdependenton  
thesegmentalhepaticanatomy（asshowninFigurel），and  
regenerationpotentialofthetransplantedgra丘andtherem－  
nantliver．TLblelsummarizesvariousfilnCtionalgra丘sused  
inliver transplantations fbr both adults and children・  

Deceased－donorgra丘sareofwholeorganandsplit亡yPeS・  
WholeorgansareusedfbrbothpediatricandadultrecIPl，  
ents；theconventionalsplittYPeSPrOducesmallersegment  
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AbbreviationsandÅ¢rOnymS  

LDLT  ＝1ivLng－donorsegmentalgraf＝iver  

亡ranSPlanta【ion  

LT  ＝1iver【ran5Plan【a亡ion  

MELD ＝ModclfbrEnd，S【ageLiverDiseasc  
SしER ＝5Pl；［eX【endedrigh【livergraf［  

5Lr   ＝＝5Pliトgra丘1iver【ranSPlantation  

WIJ  ＝Whole－Organlivertransplan【a亡ion  

ⅠItoIllgraftsfbrchildrenandlargerex【endedprigh［graF［S  

fbradults・Spli【tlngthelivercanalsoYieldhnc【ionalgrafts  

fortwosmalladults・Thefu111e丘．rightsplimngremains  
experimentalbecauseofitsinferioroutcomescompared  
withwhole－OrganLr（WLr）・1－1Therearetwomethodsof  
splittlngtheliver・Intheexvivotechnique，thewholeorgan  
isretrievedandpreservedandthendividedintotwohnc－  
tionalgra丘sonthebacktable・5Thein5itumethoddivides  

thehepaticparenchymaintheheart－beatlngbrain－dead  

donorbefbreaorticcross－Clamplngandcoldperfusion・4・5  
Exvivogra丘saresubjectedtoalorlgerCOldischemiatime  

andgra丘rewarmlng，WhichmaYhaveadeleteriousef誌ct  

ongraf［hnctionaftertransplantation・Advantagesofthe  

insitumethodincludeshortercoldischemiatime，minimaユ  

gra丘rewarmlng，andeasieridentiGcationofbiliarYand  

arterialsYStemS・Livingdonorsprovidesegmentalgra丘s  
includingle丘1ateralforpediatricrecIPlentSandrightorleft  

partialhepaticgra丘sforadults・   

DeceasedandlivingdonorshavebeencomplementarY  
inprovidinggra丘sfbrsma11childrenandhaveresultedina  

significantdeclineinmortalityinpatientsonthepediatric  
waltlnglist・Foradults，theuseofsegmentalgrafts丘om  

bothdeceasedandlivingdonorshasnotgainedwideap－  
plica亡ion・Spli［－graftlivertransplantation（SIJ）inadultsis  

controversial；PrOPOnentS rePOrt OutCOmeS COmParable  
withthosewith町6‾8butothersarguethattheproce－  
dureconvertsanotherwiseoptimalwholeorgantoamar－   

Tablel．OrganGrafts］sedinLiverTransplantation  

Figurel．ConventionalinsituspIittechnique．Theconventionalin  

Situsplittechniqueseparatesthehepaticparenchymatotherightof  
thefaFciformIigamentand yields a sma暮Ierleftlateralgraft（Seg－  

mentsl［and川）fora child and aIargerextended－rightgraft（SegL  

ments f．LVtoV＝）foran adultrecipient．（From：Yersiz H，RenzJF，  

HisatakeGM，etaLTheconventjonaltechniqueofinsitusplit－［iver  

transplantation．」HepatobiEiaryPancre．atSurg2003；10：11－15，Fig．  

2，Withkind permission ofSpringerScience＆Business Media．）   

ginalsegmentalgra丘9・lOForliving，donorsegmehtalgra丘  
Iivertransplantation（LDIJ），therisktothelivingdonor  
remainsasubjectoFethicaldebate，andtheannualvolume  
ofLDIJintheUShascontinuedtodeclinefor7consec－  
utiveyears，丘omatot山of520in2001to266in2007・   

Althoughshort－termOutCOmeSforsegmentalgra丘shave  
beencomparablewiththosewithWIXftwlongtermdata  
arereported・6・71＝Inaddition｝Whendatawereanalyzed  
separatelYfbrpediatricandadultrecIPlentS，thereweredis，  
tinctdi臨rencesinoutcomesba5edorlgra丘types・10・12This  

Slnglecenterstudywa5．undertakentocomparelongtermout－  
comesfbrwholeandsegmentalhvergra丘sinadultandpedi－  

Donor  Graft  SegnlentS  Commonnarne  Recipient  Abbreviation  

Adtllr  AdulトWt  

Pediatric  Ped－WL  

Pedjatric  SしLIJ  

Deceased  Whole  

Split  

Ⅰ－V111  

ⅠトⅠⅠⅠ  

Ⅰ，IV－VIfI  

l＿1V  

V一＼1Ⅰ王  

Le丘1ateral  

Extendedright  Adult  SL－E  

Full left Adult  SしFL  

Fu11righ［  Adult  SL－FR  

Le丘1ateral  

Le丘  

Right  

Pediatric  LD－LL  

Adulr  LD－L  

Adul【  l．D－R  

Seg⊥nental  IトIll  

トⅠV  

V－VlII  

Li、ri王1g  

Adult－WL，adultdeceユSeddonorwholeliYergr止；LD－L、1ivingdonorle丘Iivergra丘；LD－LL，livingdonorleftlaterallivergra丘；LD－R，1ivingdonorrightliver  

gra丘；Ped－WLpcdiatricde⊂eaSeddonorwholelivergra丘；SL－ER，SPliてeXtendedrightlivergra丘；SL－FL，SPIlt－eXteふdedhllleftlivergra丘；SL，FR，SP】itextended  
fu11rightlivergraた；SL－LL，SPli【extendedle丘Iaterallivergr止   
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TabJe2．Patientand DonorCharacteristicsbyGraftType  

Ch＝dren  

Ped－WL  SL・LL  LD・LL  Adu］t・WL SI：ER  LD・R  

Characteristic  （n＝2，433）（n＝72）（n＝41） pVatue （n＝284）（n＝109）（n＝49） pValue  

Re⊂iplen【  

Medianage，y  52  51   52  0・5019  う・4  1  0・9 ＜0・0001  

968（40） 14（19）14（う4） く0．0001156（55） 60（55） 28（57） 0・9588  FemalEgender，n（％）  

9（lう）   0  0．0うう7  72（ユう） 16（1う）  8（16） 0・0446  HistoryofearlierLT，n（％）   337（14）  

0．000う  8う（29） 47（4う） 15（う1）  0．0251  Urgen【LT，n（％）  う0うりう） 19（26） 1（2）  

Medianage，y  う7  20  う5  く0・0001   う  18  う1 ＜0・0001  

2  n／a  O．う089  Medianhospitalstay，d  2  う  n／a  O・Z418  う  

0．0052  75（26） うう（う2）   n／a  O．78う  Vasopres50ragentS≧2，n（％） 588（17） 22（う1）  n／a  

Gra丘ischemia  

Mediangraftcoldischemia，   
11111l  40ユ  う4B  45   く0．0001  468  うう0  60   ＜0．0001  

Mediangra丘warmischemia，   
mln  50  41  48   く0．0001  48  （；6  66   ＜0．0001  

AdulトWL，aduJtdeceased－donD［Whole－OTgangr抗；LI）rLL，livlng－donorJe丘1ateralgraft；LD，R，1iYing，donorrigh【graft；u二IiYertraLISPlantation；Ped－Wt，  
pediatricdeceased－donorwholerorgangraft；SL－ER，SPlitextendedrightg【a丘；SL－LL｝SPlitle丘hteralgra丘－  

eitherpreservationorreplacementoftherecIPlent’sinf≧一  

rlOrVenaCaVa．15   

βecease山如拙叫ん＝沼〟即〟Hルe′f帽〃5pね〃fafわ〃  

Theinsitusplittechniquewasperfbrmedonlivers丘om  
deceaseddonorsthatmetcriteriaforsplittlng，aSPreviousIY  
described・】6Figureldemonstratesisolationof血ele丘he－  

pa亡icartery，1e丘branChoftheportalvein，andtheextrahe－  
paticportionofthele丘hepaticveinfb1lowedbYmnSeC－  
tionoftheparenchYmaataboutO・5cmtoIcmtotheright  

ofthefilciformligament，yieldingaleftlateralgraft（Sし  
LL；SegmentSIIandIII）andanextendedrightgraft（Sし  
ER；SegmentSI，IVtoⅥII）・Thelefthilarplateandbile  
ductsweredividedsharplywithscissorssoasnottodevas－  
culafizethe duct・The middle hepaticvein，theentire  
lengthoftheceliacaxis，POrtalvein，bileduct，andvena  

cavawereretainedwiththeextendedrightgra丘・   
TherecIPlentOPerationinchildrenwa5PerformedbY  

nativehepatectomywithretentionoftheinf邑riorvena  
cava，andthele丘1ateralgra丘wasirnplaJltedusingaplggY－  
backtechniqueinwhichthevenousoutflowwasanasto－  
mosedtotheconfluenceoftherecIPlenthepaticveins・In  
adults，theextendedrightgraf［WaSPreParedinthemanner  
iden亡icaltopreparationofawholegra丘，Withtheaddition  
ofoversewlngthele丘hepaticandportalveinoriGcesand  

thele丘hepaticductstump・Theex【endedrightgra丘was  
implantedinthesamemannerasawholegraf［・  

上fy如才do冊′Jfyerf帽〃5pね雨affo〃  

Thetechniquesofliving－donorpartialhepatectomYhave  
beende5Cribed．17▼19Inadult－【0－ChildLDLLthele丘Iateral  

gra丘（LD－LL；SegmentSIIandIII）isprocured・Inadulト   

atriclivertransplantrecIPlen【Sandtodeterminepredictorsfbr  

Patientandgra丘survivalfbrdiffさrentgra丘types・   

ME丁目ODS  

E）ata coI［ection  

Usingapro5PeC【ivelYCOllec［ed【ranSPlantda【abase，WePer－  
fbrmedaretrospectiveanaユysi5Of2，9881ivertransplanta－  
tionsinbothadults（18YearSOrOlder）andchi王dren（18  
yearsorYOunger）attheDumont－UCLAnansplantCen－  
ter，丘omAugust1993【hroughMaY2006・TheUCLA  
Ins［i亡utionalReviewBoardapprovedthes［udy・Theme－  
dianfb1lowuptlmeWaS5yealS・   

Patient characteristics  

Allpatientswi［hend－Stageliverdi5eaSeWereeValuatedfbr  
LrbYamultidisciplinaryteam，aSPreViousIYdescribed・13  
BefbretheYear2002，Patientswerelistedfbrlivertra  
plantcandidacYaCCOrdingtotheUnitedNetwork払rOr，  
ganSharing（UNOS）statuscategories；from2002tothe  
present＞thecurrentModelforEnd－StageLiverDisease  
（MELD）systemha5beenused・Ⅰ4patientandgra丘survival  
outcomes were′analyzed bythe type oFgra丘received：  
whole－Organgra丘丘omdeceaseddonorsandpa∫tialhe－  
paticgraf［Sf王omeitherdeceasedorlivingdonors・Inaddi－  

tion，reSultswerecomparedamongadultandpediatric  
transplantreclplentS・   

Operative procedures 
Decea5ed－d（）〃0ち〝hoJe－¢増加l〃yerf帽〃5pJa〃ねfわ〃  

Thesurgicalprocedureforwhole－OrganOrthotopicliver  
transplantationwasperfbrmedinastandardmanner，With  
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reasonfbrLDLTThe丘・equenCYOfhepatitisB，hepatitisC，  

alcohol－inducedliverdisease，andcryptogeniccirrhosiswere  

simila∫鈷rallgraたヮpes・  

Inchildren，reCIPlentSOfsplitandlivlng－donorgra丘s  
weresmallerchildrenyou？gerthan1YearOfage（rrible2）・  

MorerecIPlentSWithprevlOuStranSPlantsreceivedwhole－  
organgra丘s・Splitgraftsaswithadults，WereuSedmore  
oRenforurgenttransplantation・Themostcommonindi－  
cationsfbrIJinchildrenwerebiliaryatresia（42％）and  
acuteliverfailure（34％）・Ahigherproportionofpediatric  

recIPlentSWi［hbiliarYatreSiareceivedasplitgra丘com－  

paredwithalivlng－donorsegmentalordeceased－donor  
whole－Organgra丘（54％versus41％versus34％，reSPeC－  
tively， 

． 

andmalignancy，WaSSimilaramongallgrafttYPeS・   

Donorcharacteristicsandgraftischemiatimes  

Thble2comparesthedonorcharacteristicsandgra丘ische－  
miadurationfbrbothadultsandchildren．Inadults，do－  

nofSOfsplitgra丘swereyoungerthanwhole－Organand  
livingdonors（p＜0・0001）・Thereweremoredeceased  
donorsfbrsplitthanWholegra丘sthatrequired亡WOOrmOre  
vasopressoragentsupportduringorganprocurement（31％  
versus17％，P＝0・0032）・Thecoldischemiadurationfbr  
living－donorsegmentalgra丘s・aSWOuldbeexpected，WaS  
shortercomparedwiththatfordeceased－donorgraLts・The  
need fbrcomplexmicrovascularreconstructionsinseg－  
mentalgraftsaccoun【edforalongerwarmischemiatime  
comparedwithwhole－Organgra丘s・  

Inchildren＞Whole－Organdonorswereyoungerthande－  
cea5edandlivlngdonorsofsegmentalgraLts・Thedurationof  
bothcoldandwarm許ahischemiavariedbetweendecensed－and  
living－donorgra丘tYPeS，aSinadults（rrit）1e2）・   

Patient survival  

ThelO－YearPatientsurvivalcurveSforadultsandchildren  
areshowninFigure2A・Forbothadultsandchildren，  
survivalwassimilarfora封gra丘types・Ⅶ一endatawere  
analyzedseparatelYfbradultandpediatricrecIPlen亡5，there  
weredistinctdi鮪rencesinoutcomesbasedongra丘一作eS・  
Figure3Ashowsthatthelongtermpatientsurvivalcurvein  
adultsfbrSL，ERwasslgni6cantlylowercomparedwith  
LD－Randadult－WL（57％versus73％versus71％；P＝  
0．033）・Incontrasttotheadults，longtermoutcomesfbran  
gra丘りTPeSinchildrenweresimil叫aSShowninFigure3B・   

MultivariateanalYSisofpatientsurvivalinadultrecIPl－  
entsisshowninTゝble3・Statistica11YSlgniGcan【indepen－  

dentpredictorsofdiminishedsurvivalinadultrecIPlentS  
includedreciplentageOlderthan60YearS，retranSPlanta－   

亡0－adultliving，donorliver［ranSPlantation，the right  
lobe（LD－R；SegmentSVtoVIII）ispro与uredinthe  
donorwithpreservationoFmiddlehepatlCVein・The  
living－donorsegmentalgraf［S（1eftla【eralandrightlobe）  

WeretranSPlantedwithrecipie？tCaValpreservation（pig－  

gYback［eChnique）and prevlOuSIY described vascular  

andbiliarYreCOnStruCtion・17・18   

Jmmunosuppression  

TheprlmarYmaintenanceimmunosuppressionreglmen  
COnSistedofcyclosporそne（CyA，SandimmuneorNeoral＞  

Novartis PharmaceutlCals）until1994and tacrolimus  
（Progra仁AstellasPharmチCeuticalInc）thereafter・Most  

patients receivedtriplelmmunOtherapywithsteroids  
andeitherazathioprineormycophenolatemofetil（Cell，  
Cept，RochePttarmaceuticals）・13   

StatisticaIanaIys［S  
Patientandgraf［SurvivalcurveswerecomputedusingKaplan－  
MeiermedlOdsandcomparedusinglogranktests・MedianS  
werecomparedusingtheⅦ1coxontestandproportionsuslng  
thechi－Squaredtest・BodlunivariateandmultivariateanalYSeS  

wereconductedusingCox，sproportionalha2ardmodel・The  
backwardstepwISePrOCedurewasusedforvariablesselection  
widlretentioncriteriaatapvalueof≦0・251evelofsignifi－  

cance・InthemultivariateanalYSis〉aPValueof＜0・05was  
consideredsignificant・Statisticalanalysiswasperformedusing  

SASso丘ware，VerSion9．1（SASInstitute）．  

RESULTS  

Recipient characteristics 

Amongthe2｝9881ivertranSPlantationsduringthe13－year  

studyperiod，2，546wereperfbrmedinadults（85％）and  
442inchildren（15％）．Gra丘typesinadultsincludedadult  
d∈CeaSed－donorwholeliver gra丘（adult－WL）in2，433  
（95％），SL－ERin72（3％），andliving－donorrightliver  
gra丘in41（2％）・Gra丘typesinchildrenincludedpediatric  

deceased－donorwholelivergraft（ped－WL）in284（64％），  
SL－LLinlO9（25％），andLD，LLin49（11％）．   

ParientchafaCteristicsarecomparedbYgra丘tYPeinTible2・  

Inadults，themediaJlreCIPlentageSamOngthethreegroups  
weresimilar．AldlOughbo血wholeandsplitgra鮎wereused  
moreoftenthan1iving－donorgra鮎forrecIPlentSwithprevi，  
ou51ivertransplants，SPlitgraAswere丘equendYuSedforre－  
cIPlentSrequlrlngurgenttranSPlants・Themostcornmonlivef  

diseaseinadultrecipientswashepatitisCcirrhosis（32％）fbl，  
lowedbYalcohoトinducedliverdisease（15％）andacuteliver  
鎚1ure（14％）．ComparingindicationsforIJfora11gra丘  
types，aCu亡eliver鮎1urewasmorefrequentinSIJcompared  
withadulトWIJaJldLDIJ（26％versus13％versus2．4％；  
p＝0．0003）；PrimarYSClerosingcholangitiswasa丘equent  




