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T he outcome or success of endovascular embol -
ization of cerebral aneurysmsde pendslargely on

Original Article

Stent-assisted Embolization of Internal
Carotid Artery Aneurysms

Back ground. Endovascular embolization of wideneck aneurysmof tenresultsinin-

completeocclusionoraneurysmrecur rence. Thepur poseof thisstudy istoassessthe

ef fi cacy and safety of stent-assisted embolization of wide neck aneurysmsof thein-

ternal carotidartery (ICA).

Methods A series of 10 patients with ICA aneurysms attempted treatment by
stent-assisted Guglielmi detach able coil (GDC) emboalization (n=29) or by stent alone
(n=1). Therewere 3 men and 7 women rang ing in age from 21 to 78 years, with a
mean of 51 years. Thein di cationsof stenting werewide neck aneurysms(n=9) and
herniation of detached coilsfrom aneurysmal sacinto par ent ar tery (n=1).

Results. Endovascular stent place ment wastech ni cally suc cessful in8 cases. Inone

casewithacer vi cal big ICA an eurysm, astent was placed acrossthe neck of an eu-

rysmwithout deposi tionof embolicmaterial intotheaneurysmal sac. Theini tial con

trol angiogram revealed residual aneurysm; however, complete obliteration of

aneurysmal sac was achieved as ob served on angio gramsin 8 months. Six cases of

wideneck aneurysmsweresuc cessfully treated by stent-assisted GDC embolization.

One case had pro lapse of coil loopsinto par ent ar tery af ter coils de tached; the coil

loopsweresuc cessfully pushed back toaneurysmaf ter stent placement. Two patients
had dif fi cul tiestonav i gatethestentsacrossthean eurysmnecksbecauseof tor tuous
par ent ar ter ies; in one of them, the stent par tially cov ered the neck of an eu rysm,

whichmadethesuc cessof sub sequent GDC embolization; intheother one, ad vance

ment of the stent to thetar geted sitewas abor tive, and thean eurysmwaseventually
loosepacking. Nosignifi cant procedure-relatedcompli cationwasfound. Onepatient
had asymptom atic dissectionof thepar ent ar tery af ter stent placement. Onepatient
had atran sientischemicat tack and returnedto nor mal baselineneurologi cal condr

tionslater. Clini cal fol low-upfor thesepatientswas0.5 to 36 months, with amean of

14 months.

Conclusions. Stent-assisted embolization is a treat ment of choice for wide neck
aneurysmsor for patient with herniation of coil loopsto par ent ar tery af ter coil de-

tached. It was proven both safeand ef fectiveover arel atively long fol low-up.

only 15% of aneurysms with a neck larger than 4mm
showed completeocclusion.* Attemptsto oc cludethe

the size of the neck of aneurysms. The oc clu sion rate of
nar row neck aneurysmswith Guglielmi detach able coil
(GDC, Target Therapeutic/Boston Sci entificCor pora
tion, CA,USA)isrel atively good. Eighty-fiveper cent of
aneurysms with neck size smaller than 4 mm showed
completeaneurysmthrombosis. How ever, therewere
signifi cantly dif fer ent resultsin thewide-necked group;

wide neck an eu rysm carry ahigh risk of coilsherniation
intothepar ent ar tery, withconsequent vessel thrombosis
or coil mi gration. Endovascular treat ment of thosewide
neck aneurysms is always a challenge for neuro-
endovascular therapists. Various coils or techniques
such astwo- or three-dimension GDC, bal loon remod el-
ing and the dou ble microcatheter tech nique have been
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Tablel. Clinical data and outcomeof ICA aneurysmstreated by stenting and/or GDC

Cese Sex/Age Aneurysm Indication for Emboalic Complications ~ Qutcome Follow-up
location treatment agents

No. (months)

1 FH58 Termination of ICA SAH Stent, GDC None Fair 8

2 H72 ICA-PCOoA junction SAH Stent, GDC TIAs Good 13

3 H78 ICA-PCOoA junction Decresse visual Stent, GDC None Good 24
acuity

4 M/25 Cavernous ICA Ptosis Stent, GDC  Arterial disection  Good 9

5 FH58 Cavernous ICA Ptosisand TIAs Stent, GDC None Good 12

6 M/31 ICA-PCOoA junction SAH Stent, GDC None Died 05

7 M/21 Cavernous ICA Ptosis Stent, GDC None Good 6

8 H35 Cavical ICA TIAs, pulsdilemass  Stent None Good 36

9 H57 ICA-PCOoA junction SAH, herniaion of Stent, GDC None Good 15
coil loopsto ICA

10 H76 ICA-PCOoA junction SAH GDC None Good 12

ICA =Internd carotid artery; GDC = Guglid mi detachable coil; PcoA = posterior communicating artery; TIA = transient ischemic

atack; SAH = subarachnoid hemorrhage

described.>*Duetotheincreasingin her ent complexity,
thesemeth odsarenot al wayssuc cessful or risk-free. The
use of stent-assisted embolization (SAE) for the treat-
ment of ex peri mental wideneck aneurysmsincanineand
swine was first re ported in 1994 by Szikoraet al.® and
Turjman et al.” One year later, Massound et al.® dem on
strated the valid ity of thistech niquefor thetreat ment of
ex per i mental fusiformaneurysmsinswine. How ever,
theclini cal useof thistech niquewasrestricted by thedif-
fi culty associ ated withtheendovascular nav i gation of
stentsto the cerebral vasculature. The pur pose of this
study isto present our ex peri ence of man aging 10 pa-
tientswithinter nal carotidar tery (ICA) aneurysmsby the
use of stent and to assesstherole, ef fi cacy and safety of
SAE for patientswith wide neck |CA aneurysms.

METHODS

From 1996 to 2002, we treated 106 cerebral aneu-
rysmsby GDC embolizations. Ten of themweredif fi cult
to oc clude by the two- or three-dimension GDC be cause
of repeated pro trud ing of coilsinto thelu men of the par-
ent arteries. Embolization of these aneurysms was at-
tempted by the stent alone (n = 1) or by SAE (n=8) in
combination with the use of GDC. In 1 case, the stent
was ap plied for re con struc tion of patency of the par ent

ar tery because of prolapseof coil loopsintothelumen of
thepar ent ar tery. Indi vid ual dataof patientsaresumma
rizedinTablel.

There were 3 men and 7 women aged from 21 to 78
years with a mean age of 51 years. The indications for
stentingin cluded 9 patientswithwideneck aneurysmsat
the junction of ICA- posterior communicating artery
(PCoA,n=4), cavernous|CA (n=3), ter mi nationof the
ICA (n=1), cervica ICA (n=1) and one patient with
herniation coil loops from aneurysmal sac to par ent ar-
tery af ter coilsdetachedinto | CA-PCoA aneurysm.

Withthepatientsunder general anesthesia, thefemo
ral ar ter ieswere catheterized by means of apercutaneous
tech nique. Angiographiesof bi lat eral carotid and verte-
brobasilar arteries were as sessed for the size, neck and
neck to domeratio of aneurysms. All but 1 patients met
thecri teriaof wideneck aneurysmincluding neck width
morethan 4 mm (n=7) or unfavor able neck to domera
tioof greaterthan 1 (n=2). Thecal i bersof nearby par ent
arterieswerecal culated astheref er enceof stent selec-
tion. Then a 7- to 9- French guiding cath eter waspo si-
tionedintothetar geted ar tery. Next, all patientsreceived
intravenous administration of a heparin bolus (70-100
U/Kg) toobtainanacti vated clot ting time of 2t0 2.5 of
baseline. A continuous heparin infusion of 15 to 20
U/Kg/h was then used. In 1 patient with a big cervical
ICA aneurysm, progressivethrombosiswasex pected af-
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Fig. 1. A58-year-oldfemalepresentedwith subarachnoid hemor rhage. (A) Ini tia carotid angiogram revealed awideneck an
eurysmnear ter mi nationof right ICA. Spontaneousocclusionof branchof right middlecerebral ar tery (MCA) wasfoundinci-
dentally (black ar row); (B) Stent was ad vanced acrossan eurysm neck (black ar row heads), fol lowed by GDC embolization of
aneurysm; fi nally the stent wasdeployed; (C) Control angio gramsshowed al most total oc clu sion of aneurysm (black ar row-
head) with out com pro mise of the ICA flow; recanalization of oc clu sive branch of right M CA was achievedaf terthrombolytic
treat ment (black ar row). Patient had per manent neurologi cal defi cits.

Fig.2. A 78-year-oldfemaecom plained of decreased vi sual acuity. (A) Right carotid angiogram dem on strated awide neck
biganeurysmatthesupraclinoidregion; (B) Intracranial stentwasnav i gatedvigor ously but just partialy cov ered and nar rowed
theneck (whitear row heads), whichfacil i tated GDC embolization sub sequently. (C) Control angiogramsrevea edsubtotal oc-
clusionof aneurysmwith preser vationof thel CA flow. Patient had arecur rentaneurysm at 16 monthsfol low-up angio grams
becauseof coilscom paction; shereceived asecond GDC embolizationwitha mosttotal occlusionof therecurrentaneurysm.

ter stent was placed across the aneurysma neck, but  andtheappropri atecor onary stentwastriedtonavi gated
there was no deposi tionof embolicmateria intoaner  across the neck of the aneurysms (Fig. 1). Before the
rysmal sac. For SAE of intracrania aneurysms in the  stent was deployed, a microcatheter was placed into
other 9patients, thestentdeliv ery catheterwasadvanced  aneurysmal sac through the neck of aneurysm, and the
through a300 cm, 0.014 inch length ex changeguidewire  appropri atesizeand num ber of GDCsweresub sequently
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Fig. 3. A 57-year-oldfemalepresented with subarachnoid hemor rhage. (A) Right carotid angiogram doc u mented asmall an-
eurysmat thejunction of the | CA-PcoA (black ar row head). (B) GDC embolizationwasunder gone, unfor tunately, prolapseof
detached coil loopsinto | CA (whitear row) wasdepicted duringtheprocedure; (C) A intracrania stent (whitear row head) was
ad vanced across the aneurysmal neck and pro trud ing coil loopswere push back to the an eu rysm; (D) Control angiogramsre-
veaedtotal occlusionof aneurysmwithpreser vationof thel CA flow.

placed in the aneurysmal sacs. Fol low ing GDC embol-
ization, the stent was deployed. In 2 aged patients, we
had a difficulty to navigate the stents across the aneu-
rysmal neck be cause of the tor tu ous ICA. One of them
had thestent par tially cov er ing theneck of theaneurysm
(Fig. 2), whiletheother one, failedinnav i gat ing the stent
to the targeted site, even though GDC embolizations
were pre ceded. In one patient, stent was not in tended to
use, how ever, af ter 3GDCsweredetached intothean ew
rysm, herniation coil loops to the parent artery were
found (Fig. 3). Because of potential risk of thrombo-
embolic event, a stent was deployed across the neck of
aneurysmfor recon struction of patency of the par ent ar-
tery. After completion of the procedure, a control
angiogram of the ICA was per formed in each patient to
evaluate the treatment result and to exclude a throm-
boembolic branch occlusion. Clinical or angiographic
fol low-up for these patientswas 0.5 to 36 months, witha
mean of 14 months.

RESULTS

Theresultsandfol low-upfindingsarelistedin Table
1.In1casewithacervi cal bigl CA aneurysm, astent was
placed across the neck of aneurysmwithoutdeposition

of embolic material intotheaneurysmal sac. Theini tial
control angiogram revealed residual aneurysm; how-
ever, complete obliteration of aneurysmal sac was
achieved onfol low-up angio gramsin 8 months. For 8 pa
tients with SAE of intracranial wide neck aneurysmsin
combi nationwithGDC, techni cal suc cesswasachieved
in 6 (Fig. 1); 2 patients had dif fi cul tiestonav i gatethe
stents across the aneurysmal neck because of tortuous
par ent ar ter iesaswementioned before. Oneof them, had
the stent par tially cov er ing the neck of aneurysmtore-
duce the size of neck from 7 mm to 3 mm, which made
the success of subsequent GDC embolization (Fig. 2).
The other one, failed to ad vance the stent to the tar geted
site, theaneurysmwaseventually loosepacking. In1pa
tient with prolapse of detached coil loopsinto par ent ar-
tery, the coil loopswere suc cessfully pushed back to the
aneurysmal sac with preser vation of the ICA flow (Fig.
3). Onepatient had spontaneousocclusionof onebranch
of middle cerebral artery before embolization. Re-
canalization was achieved by intra-arterial throm bolysis
(Fig. 1A, C); how ever, the patient had per manent neuro
logical deficits. Asymptom atic stent-related mi nor dis-
section of the | CA wasfoundin one patient, and spon ta-
neous healing was documented on 6-month angi-
ography. One patient experienced transit ischemic at-
tacks and returned to baseline neurological conditions
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later. Onepatient died af ter the pro cedure 2 weekslater,
fromthe presumed con sequenceof subarachnoid hemor-
rhage. Therewasno pro cedure-related per manent neurc
logi cal defi citor mortal ity. Coil com pactionwithrecur
rent aneurysmwasdoc umentedin 1 patientin 16 month
follow-up, who received secondary embolization with
total oblit er ation of aneurysmal sac. Theclini cal and/or
angiographic follow-up was 0.5 month to 36 months
with amean of 14 months.

DISCUSSION

There have been increasing reports in literature on
intravascular stenting in the treat ment of neurovascular
disease, for ex am ple, theoc clu siveand aneurysmal dis
eases in the extracranial and intracranial carotid, verte
bral and basilar arteries.”** However, aneurysms with
wideneck andwithunfavor ableratioof neck di ameterto
dome continue to cast significant technical challenges
for GDC embolization. Endovascular treat ment of those
wide neck aneurysms can lead to incompleteocclusion
andaneurysmrecurrence. Attemptsat completeoblitera
tion may increase the risks of coil protrusion, embolic
compli cation, orthrombosisof thepar entar tery. At pres
ent, the SAE tech niqueisconsid ered oneof thevalu able
techniques to treat those wide neck or fusiform aneu-
rysms. 12-14

The standard SAE consists of the placement of a
stent in the parent artery across the aneurysm neck. A
microcatheter is then navigated through the stent inter-
sticesinto the aneurysmal lu men, and coils embolization
isper formed. The stent servesasamechani cal scaf fold
for the place ment of intra-aneurysmal coils, preventing
their prolapseintothepar entar tery andal low ingadenser
coils pack ing, which may re duce the likehood of fu ture
coil com paction. Thestent alsofavor ably a terstheme-
chani cal flow dy namicsof aneurysmlumenbyincreas
ing high-flow resistance into the aneurysm lumen
through the stent interstices, promoting intra-aneurysm
stasisandthrombosis. Inour series, wehad 1 patient with
abigcer vi cal ICA aneurysm. Sincetherewasnoimme-
diate risk of stroke after medication, the patient was
treated by the stent alone. Pro gres sive throm bo sisof the
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aneurysmwasob servedintheseriesof fol low-upangio
grams and complete obliteration was observed in 8
monthsaf ter stent place ment.

The choice of stent de pends on thelo cation of an eu-
rysm, parentvessel di ameter,andaneurysmneck size. The
stent may be suc cessfully used for extracranial aneurysms
such asin Case 8 of our series, whereasintracranial ap pli-
cationsrequiretheuseof amoreflexi ble, cor o nary stent.
Current available stents may be too iff to navigate to
intracrania ar ter ies; inad di tion, stiff stents have the po-
tential risk of kinkingand/or dissectingtortuousvessels.
In our series, 1 patient had asymptomaticdissectionand
spontaneoushea ingwasfoundin 6 months. For those pa:
tientswithtor tuouspar entar teries, theavail abil ity of more
flexibleandpli abledevicesmay a levi atethisproblemin
thefuture.

By far, effective placement of the stent with com-
pletecrossingovertheaneurysmorificeispresumedasa
key to suc cessful treat ment of wide neck aneurysms,*™
Nev ertheless,incompletecov eringof theaneurysmneck
does not mean tech ni cal fail ure. On the other hand, nar-
row ing the neck by the use of stent to par tialy cover the
aneurysm neck might facil i tate GDC embolization sub
sequently. Our ex peri encein 1 casehashigh lighted that
GDC embolization can ben efit from ad vancing the stent
par tially acrossthewideneck of thean eu rysm.

A main drawback of the use of the standard SAE
with early de ploy ment of the stent be fore GDC embol-
ization is poor intra-procedural fluoroscopic visualiza
tionof cailsinrelationtothepar ent ar terial lumen, par-
ticularly when treating fusiform aneurysms.**® Coil
loop protrusionthroughthestentinter sticesback intothe
par ent ar tery may bedif fi cult to detect be cause of su per-
imposi tionof coilsand stent meshwork. Theuseof anin
flated bal loon in the stent dur ing coil embolization has
been sug gested asapossi bleso lution by someauthors,
but this might increase thromboembolic event. Addi-
tionally, the microcatheter re coil to par ent ar tery dur ing
GDC embolization may make it difficult to place
microcatheter into aneurysmal sac again through de-
ployed stentinter stices. Inour series, wehavemodi fied
this stan dard SAE in or der to solve these prob lems by
late de ploy ment of stent (Fig. 1B) in stead of early de-
ployment as soon as it was advanced across aneurysm
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neck. Thestent wasleft asaref er enceof par ent ar tery |u-
men. Next, we placed amicrocatheter into thean eurysm
sac fol lowed by GDC embolization, then the stent wasfi-
nally deployed. The major advantage of this modified
SAEisclearvi sual izationof lumen of the par ent ar tery
relation ship to aneurysmal sac. If coil loopspro trudeto
par ent ar tery, thedeployed stent can push theprotruding
coilsback to the aneurysmal sac or ar terial wall withre-
con struc tion of the patency of the par ent ar tery. Inad di-
tion, if the microcatheter recoilsto par entar tery during
GDC embolization, it is more easily to introduce a
microcatheter through wide neck an eu rysmthan through
the stent mesh.

Inthisseries, wealsoused stenttotreat 1 patient with
protruding coil loops occurring after coil detached. In
thiscase, snareretrieval devicescan beused, butitisalso
technically challenging to remove a significant cail
mass, aswell aspotentially haz ard ous, with the sig nif i-
cant risk of embolicand/or occlusivecompli cationsor
vessel perforation.”’ Inour ex peri ence, stentisavaluable
adjunctintreatinginadver tent par entvessel coil prolapse
andsubsequentemboliccompli cation.

Our experiences have highlighted technique aspects
of thispro cedurethat should hel p the neurointerventionist
achieve optimal results. However, severa limitations of
theSAE ap proachtocerebra aneurysmsexist. Thefirstis
thecur rent designsof thestent and stent deliv ery cath eter,
which restrict the use of SAE predomi nantlytosidewall
aneurysms rather than bifurcation aneurysms, such as
those en coun tered at the Will’ scir cle. The sec ondisthat
stentsareknowntoinduceintimal hy per plasia. Ex cessive
neointimal prolif er ationaf ter stent placement canresultin
hemodynamically significant stenosis, especialy of the
smaller intracranial branches. Con cernsalso ex ist that oc-
clusionof theostiaof small sidebranchesand per forating
ar ter iesby stent place ment may re sult inischemiaor in
farctionintheterri tories of theseves sels. Thisisthe most
rel evantforintracrania aneurysms, inwhichocclusionof
small but important perforating vessels may potentially
resultinsignifi cant mor bidity. Becauseof thehighporos
ity of the stent used, lat eral branches such as the oph thal-
micartery andanteriorinferior cer ebel lar artery remain
par ent fol low ing placement of astent acrosstheir ori gins.
Experimental evidence in dogs aso sug geststhat small,

lateral carotid branches, which approximate intracrania
perforatingvesselsrel ativetotheir di ameter andangleof
origin,remainpat entif lessthan50% of theostiumdi ame:
ter iscov ered by the stent struts™®
Inconclusion,wereportour prelimi nary ex peri ence
with stents used alone or in combination with GDC
placement for the treatment of aneurysms originating
from dif fer ent ICA seg mentsand for patient with pro-
lapse of detached coil sdur ing embolization. Our ac count
demonstratesthat modi fied SAEisbothfeas bleandsafe
withtheuseof flex i bleintravascular stents. Thusfar, we
have been able to place coils satisfactorily in complex
aneurysmsthat we would have been un ableto treat with
out stent place ment. Al though the long-term ef fects of
stents are currently un known, we be lieve that stent for
cerebral aneurysmsholdsgreat practi cal promise, espe-
cialyinview of thepotential for deviceimprovements.
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