
The out come or suc cess of endovascular embol -
ization of ce re bral aneurysms de pends largely on

the size of the neck of aneurysms. The oc clu sion rate of
nar row neck aneurysms with Guglielmi de tach able coil
(GDC, Tar get Ther a peu tic/Boston Sci en tific Cor po ra -
tion, CA, USA) is rel a tively good. Eighty-five per cent of
aneurysms with neck size smaller than 4 mm showed
com plete an eu rysm throm bo sis. How ever, there were
sig nif i cantly dif fer ent re sults in the wide-necked group;

only 15% of aneurysms with a neck larger than 4mm
showed com plete oc clu sion.1 At tempts to oc clude the
wide neck an eu rysm carry a high risk of coils herniation
into the par ent ar tery, with con se quent ves sel throm bo sis 
or coil mi gra tion. Endovascular treat ment of those wide
neck aneurysms is al ways a chal lenge for neuro -
endovascular ther a pists. Var i ous coils or tech niques
such as two- or three-dimension GDC, bal loon re mod el -
ing and the dou ble microcatheter tech nique have been
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Stent-assisted Embolization of In ter nal
Ca rotid Ar tery Aneurysms

Back ground. Endovascular embolization of wide neck an eu rysm of ten re sults in in -
com plete oc clu sion or an eu rysm re cur rence. The pur pose of this study is to as sess the
ef fi cacy and safety of stent-assisted embolization of wide neck aneurysms of the in -
ter nal ca rotid ar tery (ICA).
Methods. A se ries of 10 pa tients with ICA aneurysms at tempted treat ment by
stent-assisted Guglielmi de tach able coil (GDC) embolization (n = 9) or by stent alone 
(n = 1). There were 3 men and 7 women rang ing in age from 21 to 78 years, with a
mean of 51 years. The in di ca tions of stenting were wide neck aneurysms (n = 9) and
herniation of de tached coils from aneurysmal sac into par ent ar tery (n = 1).
Re sults. Endovascular stent place ment was tech ni cally suc cess ful in 8 cases. In one
case with a cer vi cal big ICA an eu rysm, a stent was placed across the neck of an eu -
rysm with out de po si tion of em bolic ma te rial into the aneurysmal sac. The ini tial con -
trol angiogram re vealed re sid ual an eu rysm; how ever, com plete oblit er a tion of
aneurysmal sac was achieved as ob served on angio grams in 8 months. Six cases of
wide neck aneurysms were suc cess fully treated by stent-assisted GDC embolization.
One case had pro lapse of coil loops into par ent ar tery af ter coils de tached; the coil
loops were suc cess fully pushed back to an eu rysm af ter stent place ment. Two pa tients 
had dif fi cul ties to nav i gate the stents across the an eu rysm necks be cause of tor tu ous
par ent ar ter ies; in one of them, the stent par tially cov ered the neck of an eu rysm,
which made the suc cess of sub se quent GDC embolization; in the other one, ad vance -
ment of the stent to the tar geted site was abor tive, and the an eu rysm was even tu ally
loose pack ing. No sig nif i cant pro ce dure-related com pli ca tion was found. One pa tient 
had asymp tom atic dis sec tion of the par ent ar tery af ter stent place ment. One pa tient
had a tran sient ischemic at tack and re turned to nor mal base line neu ro log i cal con di -
tions later. Clin i cal fol low-up for these pa tients was 0.5 to 36 months, with a mean of
14 months.
Con clu sions. Stent-assisted embolization is a treat ment of choice for wide neck
aneurysms or for pa tient with herniation of coil loops to par ent ar tery af ter coil de -
tached. It was proven both safe and ef fec tive over a rel a tively long fol low-up.
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de scribed.2-5 Due to the in creas ing in her ent com plex ity,
these meth ods are not al ways suc cess ful or risk-free. The 
use of stent-assisted embolization (SAE) for the treat -
ment of ex per i men tal wide neck aneurysms in ca nine and 
swine was first re ported in 1994 by Szikora et al.6 and
Turjman et al.7 One year later, Massound et al.8 dem on -
strated the va lid ity of this tech nique for the treat ment of
ex per i men tal fusiform aneurysms in swine. How ever,
the clin i cal use of this tech nique was re stricted by the dif -
fi culty as so ci ated with the endovascular nav i ga tion of
stents to the ce re bral vasculature. The pur pose of this
study is to pres ent our ex pe ri ence of man ag ing 10 pa -
tients with in ter nal ca rotid ar tery (ICA) aneurysms by the 
use of stent and to as sess the role, ef fi cacy and safety of
SAE for pa tients with wide neck ICA aneurysms.

METHODS

From 1996 to 2002, we treated 106 ce re bral aneu -
rysms by GDC embolizations. Ten of them were dif fi cult
to oc clude by the two- or three-dimension GDC be cause
of re peated pro trud ing of coils into the lu men of the par -
ent ar ter ies. Embolization of these aneurysms was at -
tempted by the stent alone (n = 1) or by SAE (n = 8) in
com bi na tion 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 be cause of pro lapse of coil loops into the lu men of
the par ent ar tery. In di vid ual data of pa tients are sum ma -
rized in Ta ble 1.

There were 3 men and 7 women aged from 21 to 78
years with a mean age of 51 years. The in di ca tions for
stenting in cluded 9 pa tients with wide neck aneurysms at
the junc tion of ICA- pos te rior com mu ni cat ing ar tery
(PCoA, n = 4), cav ern ous ICA (n = 3), ter mi na tion of the
ICA (n = 1), cer vi cal ICA (n = 1) and one pa tient with
herniation coil loops from aneurysmal sac to par ent ar -
tery af ter coils de tached into ICA-PCoA an eu rysm.

With the pa tients un der gen eral an es the sia, the fem o -
ral ar ter ies were catheterized by means of a percutaneous 
tech nique. Angiographies of bi lat eral ca rotid and verte -
brobasilar ar ter ies were as sessed for the size, neck and
neck to dome ra tio of aneurysms. All but 1 pa tients met
the cri te ria of wide neck an eu rysm in clud ing neck width
more than 4 mm (n = 7) or un fa vor able neck to dome ra -
tio of greater than 1 (n = 2). The cal i bers of nearby par ent
ar ter ies were cal cu lated as the ref er ence of stent se lec -
tion. Then a 7- to 9- French guid ing cath e ter was po si -
tioned into the tar geted ar tery. Next, all pa tients re ceived
in tra ve nous ad min is tra tion of a hep a rin bolus (70-100
U/Kg) to ob tain an ac ti vated clot ting time of 2 to 2.5 of
base line. A con tin u ous hep a rin in fu sion of 15 to 20
U/Kg/h was then used. In 1 pa tient with a big cer vi cal
ICA an eu rysm, pro gres sive throm bo sis was ex pected af -
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Table 1. Clinical data and outcome of ICA aneurysms treated by stenting and/or GDC

Case Sex/Age Aneurysm
location

Indication for
treatment

Embolic
agents

Complications Outcome Follow-up

No. (months)

1 F/58 Termination of ICA SAH Stent, GDC None Fair 8
2 F/72 ICA-PCoA junction SAH Stent, GDC TIAs Good 13
3 F/78 ICA-PCoA junction Decrease visual

acuity
Stent, GDC None Good 24

4 M/25 Cavernous ICA Ptosis Stent, GDC Arterial dissection Good 9
5 F/58 Cavernous ICA Ptosis and TIAs Stent, GDC None Good 12
6 M/31 ICA-PCoA junction SAH Stent, GDC None Died 0.5
7 M/21 Cavernous ICA Ptosis Stent, GDC None Good 6
8 F/35 Cervical ICA TIAs, pulsatile mass Stent None Good 36
9 F/57 ICA-PCoA junction SAH, herniation of

coil loops to ICA
Stent, GDC None Good 15

10 F/76 ICA-PCoA junction SAH GDC None Good 12

ICA = Internal carotid artery; GDC = Guglielmi detachable coil; PcoA = posterior communicating artery; TIA = transient ischemic
attack; SAH = subarachnoid hemorrhage.



ter stent was placed across the aneurysmal neck, but
there was no de po si tion of em bolic ma te rial into aneu -
rysmal sac. For SAE of intracranial aneurysms in the
other 9 pa tients, the stent de liv ery cath e ter was ad vanced
through a 300 cm, 0.014 inch length ex change guidewire

and the ap pro pri ate cor o nary stent was tried to nav i gated
across the neck of the aneurysms (Fig. 1). Be fore the
stent was de ployed, a microcatheter was placed into
aneurysmal sac through the neck of an eu rysm, and the
ap pro pri ate size and num ber of GDCs were sub se quently 
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Fig. 1. A 58-year-old fe male pre sented with subarachnoid hem or rhage. (A) Ini tial ca rotid angiogram re vealed a wide neck an -
eu rysm near ter mi na tion of right ICA. Spon ta ne ous oc clu sion of branch of right mid dle ce re bral ar tery (MCA) was found in ci -
den tally (black ar row); (B) Stent was ad vanced across an eu rysm neck (black ar row heads), fol lowed by GDC embolization of
an eu rysm; fi nally the stent was de ployed; (C) Con trol angio grams showed al most to tal oc clu sion of an eu rysm (black ar row -
head) with out com pro mise of the ICA flow; recanalization of oc clu sive branch of right MCA was achieved af ter throm bo lytic
treat ment (black ar row). Pa tient had per ma nent neu ro log i cal def i cits.

Fig.2. A 78-year-old fe male com plained of de creased vi sual acu ity. (A) Right ca rotid angiogram dem on strated a wide neck
big an eu rysm at the supraclinoid re gion; (B) Intracranial stent was nav i gated vig or ously but just par tially cov ered and nar rowed
the neck (white ar row heads), which fa cil i tated GDC embolization sub se quently. (C) Con trol angio grams re vealed sub to tal oc -
clu sion of an eu rysm with pres er va tion of the ICA flow. Pa tient had a re cur rent an eu rysm at 16 months fol low-up angio grams
be cause of coils com pac tion; she re ceived a sec ond GDC embolization with al most to tal oc clu sion of the re cur rent an eu rysm.



placed in the aneurysmal sacs. Fol low ing GDC embol -
ization, the stent was de ployed. In 2 aged pa tients, we
had a dif fi culty to nav i gate the stents across the aneu -
rysmal neck be cause of the tor tu ous ICA. One of them
had the stent par tially cov er ing the neck of the an eu rysm
(Fig. 2), while the other one, failed in nav i gat ing the stent 
to the tar geted site, even though GDC embolizations
were pre ceded. In one pa tient, stent was not in tended to
use, how ever, af ter 3 GDCs were de tached into the an eu -
rysm, herniation coil loops to the par ent ar tery were
found (Fig. 3). Be cause of po ten tial risk of thrombo -
embolic event, a stent was de ployed across the neck of
an eu rysm for re con struc tion of patency of the par ent ar -
tery. Af ter com ple tion of the pro ce dure, a con trol
angiogram of the ICA was per formed in each pa tient to
eval u ate the treat ment re sult and to ex clude a throm -
boembolic branch oc clu sion. Clin i cal or angiographic
fol low-up for these pa tients was 0.5 to 36 months, with a
mean of 14 months.

RE SULTS

The re sults and fol low-up find ings are listed in Ta ble
1. In 1 case with a cer vi cal big ICA an eu rysm, a stent was 
placed across the neck of an eu rysm with out de po si tion

of em bolic ma te rial into the aneurysmal sac. The ini tial
con trol angiogram re vealed re sid ual an eu rysm; how -
ever, com plete oblit er a tion of aneurysmal sac was
achieved on fol low-up angio grams in 8 months. For 8 pa -
tients with SAE of intracranial wide neck aneurysms in
com bi na tion with GDC, tech ni cal suc cess was achieved
in 6 (Fig. 1); 2 pa tients had dif fi cul ties to nav i gate the
stents across the aneurysmal neck be cause of tor tu ous
par ent ar ter ies as we men tioned be fore. One of them, had 
the stent par tially cov er ing the neck of an eu rysm to re -
duce the size of neck from 7 mm to 3 mm, which made
the suc cess of sub se quent GDC embolization (Fig. 2).
The other one, failed to ad vance the stent to the tar geted
site, the an eu rysm was even tu ally loose pack ing. In 1 pa -
tient with pro lapse of de tached coil loops into par ent ar -
tery, the coil loops were suc cess fully pushed back to the
aneurysmal sac with pres er va tion of the ICA flow (Fig.
3). One pa tient had spon ta ne ous oc clu sion of one branch
of mid dle ce re bral ar tery be fore embolization. Re -
canalization was achieved by intra-arterial throm bolysis
(Fig. 1A, C); how ever, the pa tient had per ma nent neu ro -
log i cal def i cits. Asymp tom atic stent-related mi nor dis -
sec tion of the ICA was found in one pa tient, and spon ta -
ne ous heal ing was doc u mented on 6-month angi -
ography. One pa tient ex pe ri enced tran sit ischemic at -
tacks and re turned to base line neu ro log i cal con di tions
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Fig. 3. A 57-year-old fe male pre sented with subarachnoid hem or rhage. (A) Right ca rotid angiogram doc u mented a small an -
eu rysm at the junc tion of the ICA-PcoA (black ar row head). (B) GDC embolization was un der gone, un for tu nately, pro lapse of
de tached coil loops into ICA (white ar row) was de picted dur ing the pro ce dure; (C) A intracranial stent (white ar row head) was
ad vanced across the aneurysmal neck and pro trud ing coil loops were push back to the an eu rysm; (D) Con trol angio grams re -
vealed to tal oc clu sion of an eu rysm with pres er va tion of the ICA flow.



later. One pa tient died af ter the pro ce dure 2 weeks later,
from the pre sumed con se quence of subarachnoid hem or -
rhage. There was no pro ce dure-related per ma nent neu ro -
log i cal def i cit or mor tal ity. Coil com pac tion with re cur -
rent an eu rysm was doc u mented in 1 pa tient in 16 month
fol low-up, who re ceived sec ond ary embolization with
to tal oblit er a tion of aneurysmal sac. The clin i cal and/or
angiographic fol low-up was 0.5 month to 36 months
with a mean of 14 months.

DIS CUS SION

There have been in creas ing re ports in lit er a ture on
intravascular stenting in the treat ment of neurovascular
dis ease, for ex am ple, the oc clu sive and aneurysmal dis -
eases in the extracranial and intracranial ca rotid, ver te -
bral and bas i lar ar ter ies.9-14 How ever, aneurysms with
wide neck and with un fa vor able ra tio of neck di am e ter to 
dome con tinue to cast sig nif i cant tech ni cal chal lenges
for GDC embolization. Endovascular treat ment of those
wide neck aneurysms can lead to in com plete oc clu sion
and an eu rysm re cur rence. At tempts at com plete oblit er a -
tion may in crease the risks of coil pro tru sion, em bolic
com pli ca tion, or throm bo sis of the par ent ar tery. At pres -
ent, the SAE tech nique is con sid ered one of the valu able
tech niques to treat those wide neck or fusiform aneu -
rysms.12-14

The stan dard SAE con sists of the place ment of a
stent in the par ent ar tery across the an eu rysm neck. A
microcatheter is then nav i gated through the stent in ter -
stices into the aneurysmal lu men, and coils embolization
is per formed. The stent serves as a me chan i cal scaf fold
for the place ment of intra-aneurysmal coils, pre vent ing
their pro lapse into the par ent ar tery and al low ing a denser 
coils pack ing, which may re duce the likehood of fu ture
coil com pac tion. The stent also fa vor ably al ters the me -
chan i cal flow dy nam ics of an eu rysm lu men by in creas -
ing high-flow re sis tance into the an eu rysm lu men
through the stent in ter stices, pro mot ing intra-aneurysm
sta sis and throm bo sis. In our se ries, we had 1 pa tient with 
a big cer vi cal ICA an eu rysm. Since there was no im me -
di ate risk of stroke af ter med i ca tion, the pa tient was
treated by the stent alone. Pro gres sive throm bo sis of the

an eu rysm was ob served in the se ries of fol low-up angio -
grams and com plete oblit er a tion was ob served in 8
months af ter stent place ment.

The choice of stent de pends on the lo ca tion of an eu -
rysm, par ent ves sel di am e ter, and an eu rysm neck size. The 
stent may be suc cess fully used for extracranial aneurysms
such as in Case 8 of our se ries, whereas intracranial ap pli -
ca tions re quire the use of a more flex i ble, cor o nary stent.
Cur rent avail able stents may be too stiff to nav i gate to
intracranial ar ter ies; in ad di tion, stiff stents have the po -
ten tial risk of kink ing and/or dis sect ing tor tu ous ves sels.
In our se ries, 1 pa tient had asymp tom atic dis sec tion and
spon ta ne ous heal ing was found in 6 months. For those pa -
tients with tor tu ous par ent ar ter ies, the avail abil ity of more 
flex i ble and pli able de vices may al le vi ate this prob lem in
the fu ture.

By far, ef fec tive place ment of the stent with com -
plete cross ing over the an eu rysm or i fice is pre sumed as a
key to suc cess ful treat ment of wide neck aneurysms.12-14

Nev er the less, in com plete cov er ing of the an eu rysm neck 
does not mean tech ni cal fail ure. On the other hand, nar -
row ing the neck by the use of stent to par tially cover the
an eu rysm neck might fa cil i tate GDC embolization sub -
se quently. Our ex pe ri ence in 1 case has high lighted that
GDC embolization can ben e fit from ad vanc ing the stent
par tially across the wide neck of the an eu rysm.

A main draw back of the use of the stan dard SAE
with early de ploy ment of the stent be fore GDC embol -
ization is poor intra-procedural fluoroscopic vi su al iza -
tion of coils in re la tion to the par ent ar te rial lu men, par -
tic u larly when treat ing fusiform aneurysms.15,16 Coil
loop pro tru sion through the stent in ter stices back into the 
par ent ar tery may be dif fi cult to de tect be cause of su per -
im po si tion of coils and stent mesh work. The use of an in -
flated bal loon in the stent dur ing coil embolization has
been sug gested as a pos si ble so lu tion by some au thors,
but this might in crease thromboembolic event. Ad di -
tionally, the microcatheter re coil to par ent ar tery dur ing
GDC embolization may make it dif fi cult to place
microcatheter into aneurysmal sac again through de -
ployed stent in ter stices. In our se ries, we have mod i 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 -
ploy ment as soon as it was ad vanced across an eu rysm
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neck. The stent was left as a ref er ence of par ent ar tery lu -
men. Next, we placed a microcatheter into the an eu rysm
sac fol lowed by GDC embolization, then the stent was fi -
nally de ployed. The ma jor ad van tage of this mod i fied
SAE is clear vi su al iza tion of lu men of the par ent ar tery
re la tion ship to aneurysmal sac. If coil loops pro trude to
par ent ar tery, the de ployed stent can push the pro trud ing
coils back to the aneurysmal sac or ar te rial wall with re -
con struc tion of the patency of the par ent ar tery. In ad di -
tion, if the microcatheter re coils to par ent ar tery dur ing
GDC embolization, it is more eas ily to in tro duce a
microcatheter through wide neck an eu rysm than through
the stent mesh.

In this se ries, we also used stent to treat 1 pa tient with 
pro trud ing coil loops oc cur ring af ter coil de tached. In
this case, snare re trieval de vices can be used, but it is also 
tech ni cally chal leng ing to re move a sig nif i cant coil
mass, as well as po ten tially haz ard ous, with the sig nif i -
cant risk of em bolic and/or oc clu sive com pli ca tions or
ves sel per fo ra tion.17 In our ex pe ri ence, stent is a valu able 
ad junct in treat ing in ad ver tent par ent ves sel coil pro lapse 
and sub se quent em bolic com pli ca tion.

Our ex pe ri ences have high lighted tech nique as pects
of this pro ce dure that should help the neurointerventionist
achieve op ti mal re sults. How ever, sev eral lim i ta tions of
the SAE ap proach to ce re bral aneurysms ex ist. The first is
the cur rent de signs of the stent and stent de liv ery cath e ter,
which re strict the use of SAE pre dom i nantly to side wall
aneurysms rather than bi fur ca tion aneurysms, such as
those en coun tered at the Will’s cir cle. The sec ond is that
stents are known to in duce intimal hy per pla sia. Ex ces sive
neointimal pro lif er a tion af ter stent place ment can re sult in
hemodynamically sig nif i cant ste no sis, es pe cially of the
smaller intracranial branches. Con cerns also ex ist that oc -
clu sion of the ostia of small side branches and per fo rat ing
ar ter ies by stent place ment may re sult in ischemia or in -
farc tion in the ter ri to ries of these ves sels. This is the most
rel e vant for intracranial aneurysms, in which oc clu sion of
small but im por tant per fo rat ing ves sels may po ten tially
re sult in sig nif i cant mor bid ity. Be cause of the high po ros -
ity of the stent used, lat eral branches such as the oph thal -
mic ar tery and an te rior in fe rior cer e bel lar ar tery re main
par ent fol low ing place ment of a stent across their or i gins.
Ex per i men tal ev i dence in dogs also sug gests that small,

lat eral ca rotid branches, which ap prox i mate intracranial
per fo rat ing ves sels rel a tive to their di am e ter and an gle of
or i gin, re main pat ent if less than 50% of the ostium di am e -
ter is cov ered by the stent struts.18

In con clu sion, we re port our pre lim i nary ex pe ri ence
with stents used alone or in com bi na tion with GDC
place ment for the treat ment of aneurysms orig i nat ing
from dif fer ent ICA seg ments and for pa tient with pro -
lapse of de tached coils dur ing embolization. Our ac count 
dem on strates that mod i fied SAE is both fea si ble and safe 
with the use of flex i ble intravascular stents. Thus far, we
have been able to place coils sat is fac to rily in com plex
aneurysms that we would have been un able to treat with -
out stent place ment. Al though the long-term ef fects of
stents are cur rently un known, we be lieve that stent for
ce re bral aneurysms holds great prac ti cal prom ise, es pe -
cially in view of the po ten tial for de vice im prove ments.
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