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Spinalarteriography:aprimer
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ABSTRACT Spinalarteriographyisanesotericprocedurethatisseldomperformedbyperipheralinterventionalists.This

presentationisintendedtooutlinesomeoftheessentialpointsthattheinterventionalistperformingtheprocedureshouldbe
awareof,especiallyaboutspinalduralarteriovenousfistulae(SDAVF).
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0 Introduction
  Thereasonforperformingspinalarteriography
iseithertodetectanddepictaspinalvascularmalfor-
mationortoevaluateandpotentiallytreatavascular
tumorinvolvingthespinalcolumn,particularlyrenal
cellcarcinoma.
1 Classificationofspinalvascularmalformations
1.1Theclassicaldivisionofspinalmalformations
is[1]:

Arteriovenousmalformation
  PerimedullaryfistulaTypesⅠ,Ⅱ,Ⅲ
  Glomerular
  Juvenile
Cavernoma
DuralAVF

1.2Spetzlerproposeda modifiedclassificationin
2002[2]:

Neoplasm
  Hemangioblastomas
  Cavernousmalformations
Aneurysm
  Spinalaneurysms(rare)
Arteriovenouslesions

  Arteriovenousfistulas
    Extradural
    Intradural
      Dorsal
      Ventral
Arteriovenousmalformations
  Extradural-intradural
  Intradural
    Intramedullary
    Intramedullary-extramedullary
    Conusmedullaris
Certainlymostinterventionalistshaveseenima-

gesofcomplexvascularmalformationsofthespine.
Mostgiveuptryingtounderstandthevarioustypes
ofmalformations.However,thereisonespinalvas-
cular malformation whichshouldbedifferentiated
fromallothertypesandrecognizedbynon-neuroint-
erventionalists:spinalduralarteriovenousfistulae
(SDAVF).Theselesionsarefarmorecommonthan
anyothertypeofmalformation,comprising70%-
90% ofallspinalvascularmalformations,andas
sucharemorelikelytobeencounteredindailyprac-
tice.Inbrief,SDAVFalmostalwayshaveasingle
arterialfeeder(veryoccasionallytwo)andrequirelo-
calizedembolizationand/oroperation,whereasother
typesofvascularmalformationsgenerallyhavemulti-
plearterialfeedersandrequirecomplexembolizations
andoneormultiplelargeoperation(s).IntheSpet-
zlerclassificationtheseare Arteriovenousfistulas
whichareIntradural,Dorsal.
2 Basicspinalcordarteriographyandanatomy
  Thespinalcordis45cmlong.Therearemulti-
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plesourcesofarterialsupply.Anteriorandposterior
branchesoriginateseparatelyfromvertebral,costo-
cervical,intercostal,lumbar,sacralsegmentalbran-
ches.Thereare41potentialarterialsourcesforspi-
nalcordarterialsupply(Fig.1,Table1-3).Acom-
pletespinalarteriograminvolvesselectivearteriogra-
phyofeachofthesearteries.

Fig.1 Multiplesourcesofarterialsupply

Table1 Potentialarterialsources
forspinalcordarterialsupply:cervical

Artery Left Right

Vertebral

Costocervical
 (deepcervical)

Thyrocervical
 (ascendingcervical)

Table2 Potentialarterialsources

forspinalcordarterialsupply:thoracic

Artery Left Right

Supremeintercostal

T-4

T-5

T-6

Bronchial(s)(1-3)

T-7

T-8

T-9

T-10

T-11

T-12

Table3 Potentialarterialsources
forspinalcordarterialsupply:lumbar

Artery Left Right

L-1

L-2

L-3

L-4

Iliolumbar

Lateralsacral

Sacral

  Inordertokeepthesebranchesstraight,achart
isprepared withthreecolumns,labeled Artery,
Right,andLeft.Checkmarksaremadeineachbox
asthearteryisstudied.Someusefultechnicalpoints
forperformanceofspinalangiographyareasfollows:

(1)Placeamarkingtapeonchesttohelpnum-
berthelevel;

(2)Takepreliminaryimages-largefield;
(3)Trytocatheterizearteriesinorderonone

side;
(4)Imageinsingleplaneinitially;
(5)Catheter:Mikaelsson,Cobra4F,5F;
(6)Handinject2-4millilitersVisipaque;
(7)Framerate2framespersecondfor4sec-

onds,then1framepersecond;
(8)Localizefeeders-Indicatethefeederstothe

AVMonthechartwithasterixes(*),andindicate
thesizeofthefeederwithonetothreeasterixes(*
=smallfeeder;**=largerfeeder;***=very
largefeeder).Also,indicateonthechartwhether
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thefeederisanterior(a)orposterior(p);
(9)LocalizearteryofAdamkiewicz-MarkasA

onrecordingsheet;
(10)Afterallfeedersarelocalizedwithsingle

planeimaging,dobiplaneimagingofthefeedingar-
teriesat3-5framespersecondfor5seconds,then1
framepersecond;

(11)Decidewhetherembolizationisappropriate;
(12)Ifembolizationisappropriate,reviewthe

contrastload:decidewhethertoperformimmediate
embolizationor2ndprocedure?

(13)Ifnoembolization,marktheskinoverthe
involvedforamentohelpmarkthecorrectlevelfor
theneurosurgeon.

Thereare4arterialgroupstosortoutateach
level(Fig.2):Intercostal(lumbar);posteriormus-
culature;vertebralbody;andspinal.Obliqueviews
areusuallynecessarytosortouttheregionsupplied
bymanyofthearterialbranchesseen.

Fig.2 Fourarterialgroupstosortoutateachlevel

  ItisvitalinallstudiestoidentifythearteryofAd-
amkiewicz(anteriorradioculomedullaryartery,ARMA,
Fig.3).ItisusuallyfoundbetweenT9andT12but
itmayoccureithercranialorcaudaltotheselevels.
3 Spinalduralarteriovenousfistulae(SDAVFs)

OneshouldhavesomeknowledgeofSDAVFs,
asthesearethemostfrequentlyoccurringspinalvascular
malformation.Theselesionsarefrequentlymissedfora

Fig.3 ThearteryofAdamkiewicz

(anteriorradioculomedullaryartery,ARMA)

yearormoreaftersymptomsbegin.Theyarethe
mostcurableofallthespinalvascular malforma-
tions.

SDAVFshavea malepredominance(80%).
Mostpatientspresentatageof40-60yearsold.
Themediantimefromonsetofsymptomstodiagno-
sisis15 months.Themostcommonlocationfor
theselesionsismid-thoracic(Fig.4-6).Theyare
veryuncommoninthecervicalregion.Anotherrare
lesion,theperimedullaryfistulaTypeI,however,
hasasimilarangiographicappearanceanddoesoccur
inthecervicalregion.

Fig.4 MRIandangiogramshowingSDAVFtypicallyarising

inthemid-lowerthoracicregion
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Fig.5 UpperthoracicoriginofSCDAVF

Fig.6 SacraloriginofSDAVF

  Anatomically,thereisshuntingintheduraat
oneforamen.Thepathophysiologyoftheselesionsis
wellrecognized.Increasedspinalvenouspressure
producesadecreasedA-Vpressuregradient,leading
todecreaseddrainageofnormalspinalveins,which
producesvenouscongestionandintramedullaryede-
ma.Thispathophysiologyexplainsthecharacteristic
MRIfinding:onT2MRimagethereishyperintensi-
tyinthespinalcordduetovenouscongestionand
edema(Fig.7).Thereistypicallyaperipheralhy-
pointensityaroundtheregionofhyperintensity.Ser-

piginousfillingdefectsarepresentoutsidethecord
andrepresentthedilatedveins.Theveinsarecharac-
teristicallyconcentratedposteriortothecord,butare
seenanteriorlyaswell.

Fig.7 SagittalT2weightedMRIimagesin3differentcasesof

symptomaticSDAVF.Hyperintensityinthecordsurroundedbya

peripheralhypointensityduetovenouscongestion,andprobably

edemaofthecord(arrows).Serpiginousfillingdefectsduetosur-
roundingdistendedveins(arrowheads)

  Treatmentoptionsincludebothsurgicalobliter-
ationoftheshuntpointanddrainingveinattheaf-
fectedforamen,orembolization,generallywithNB-
CAglueastheprimaryagent,withparticlesorcoils
usedtohelpdirectthegluetotheproperlocation
(Fig.8).Ifglueembolizationistobeperformed,it
isvitalthattheglueenterthedrainingveinatthefo-
ramentosuccessfullyandpermanentlyobliteratethe
fistula.Ifthereisasimplefistulousconnectionbe-
tweenarteryandveininvolvingonlyoneortwoar-
tery-to-veinconnections,gluewilllikelypenetrateto
thedrainingvein.Whentheanatomyismorecom-
plex,withmultipleartery-to-veinconnections,glue
willoftennotpenetratesufficiently.Suchcomplex
lesionsarebetteroperated.Reportedsuccessrates
forembolizationrangefrom25%-70%.Emboliza-
tionislikelytobesuccessfulwhenthearteriovenous
connectionisasimpleonewithonlyoneortwoarter-
iesparticipatinginthefistula.Whenmultiplesmall
arteriesarefeedingthefistula,thelikelihoodofsuc-
cesswithembolizationismuchless. Surgicalsuc-
cessinobliterating
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Fig.8 SelectivecatheterizationofarterytoSDAVF left:feeding

artery(arrow);middle:fistula(arrow);right:SDAVFdisappeared

afterembolization

thelesionisusually>90%.
4 ClinicalresultsoftreatingSDAVFs
  SuccessrateofembolizationoftreatingSDAVF
was25%-70%inpastreports,butshouldbebetter
currentlybecauseofbetterpatientselection.Thelar-
gestsingleinstitutionseries(110patients)foundin
theliteraturewasfromChina[3].Lesspositive(but
stillexcellent)resultswerereportedinanotherlarge
seriesbyaDutchgroupinseveralpapers[4,5].This
largeseriesgivesinsightintotheclinicalpresenta-
tionsofthepatientsaswellastheresultsoftreat-
ment witheither/bothsurgeryandembolization.
83%oftheirpatientsweremale,withamedianage
offirstsymptom of57.6years(range21-78
years). Medianintervalto diagnosis was15.0
months(range7days-16.4years).Theinitialpres-
entingsymptoms weregaitdisturbancein34%,
numbnessin24%,andparesthesiasin21%.Atthe
timeofpresentation,80% hadurinaryproblems,
78%hadlegweakness,and19%hadprogressedto
beingwheelchairbound.Thepatternofmotordeficit
progressionwasgradualin63%,acuteepisodeson
gradualprogressionin26%,stepwiseprogressionin
7%,andacutein5%.Forty-fourpatientswerea-
vailableforlaterfollow upfollowingtreatment.
Thirty-fourhadembolizationasthefirstprocedure,
and10wereoperatedasthefirstprocedure.Ninepa-
tientsunderwentmultipleembolizations,and5had
surgeryafterunsuccessfulembolization.Mediantime
offollowup

was5.7years(range8months-15years).Clinical
improvementwasmixed.Overall70% ofpatients
saidthattheiroveralldailylifeactivitieswerebetter,
while7% wereworseand11% weremuchworse.
Whenaskedaboutspecificfunctions,patientsrated
walkingandmusclepowerasbetter;ontheother
hand,numbness,paresthesias,micturition,anal
sphincterfunction,anderectilefunction wereun-
changed;legpainand musclespasm wereworse.
Thelackofimprovementinsomefunctionsprobably
representspermanentnervedamagewhichoccurred
beforethelesionwascorrected.
  Inconclusion,spinalarteriographyistechnically
somewhatdemanding,tediousbecauseofthelarge
numberofselectivecatheterizations,exactingbe-
causeofthenecessitytoimageeveryarterialbranch,
andalsotimeconsuming.Theinterventionalneuro-
radiologisthasanobligationtoproduceadiagnostic
study.Theprocedureshouldincludeimageprocess-
ing,imageanalysis(subtraction,pixelshiftingby
radiologist),andidentificationofnormalspinalar-
teries,suchasArteryofAdamkiewicz,thatareall
criticalfortreatmentplanning.Theinterventional
neuroradiologistalsohasaroleintreatingappropri-
atelyselectedspinalvascularmalformations.
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