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Sole Stenting Technique for Treatment

of Complex Aneurysms

Young-Joon Kim, M.D., Ph.D.
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Objective : Complex aneurysms such as fusiform and very small aneurysms (< 3 mm) are challenging in neurovascular and endovascular surgery.
Author reports follow-up results of 9 cases treated by sole stent technique with pertinent literature review.

Methods : A retrospective study was made of 9 patients who were treated by sole stenting technique for cerebral aneurysm between January
2003 and January 2009. Two of them had fusiform aneurysm, 5 had very small aneurysm, and 2 had small saccular aneurysm. Five patients had
ruptured aneurysms and four had unruptured aneurysms. Seven aneurysms were located in the internal carotid artery (ICA), 1 in the middle
cerebral artery (MCA) and 1 in the basilar artery. Follow-up cerebral angiography was performed at post-procedure 3 months, 6 months, and 12
months. Mean follow-up period is 30 months (ranged from 3 days to 30 months).

Results : Aneurysm size was decreased in 6 of 9 cases on follow-up images and was not changed in 3 cases. Although total occlusion was not
seen, patients had stable neurological condition and angiographic result. The procedural complication occurred in 2 cases. One was coil
migration and the other was suboptimal deployment of stent, and both were asymptomatic. Re-bleeding and thromboembolic complication had

not been occurred.

Conclusion : Sole stenting technique is relatively effective and safe as an alternative treatment for fusiform and very small aneurysms.
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INTRODUCTION

Complex aneurysms such as very small aneurysms (< 3
mm) and fusiform aneurysm are challenging in neurovas-
cular and endovascular surgery?®10:13:20:21:23.26.29,30.33.
Although endovascular techniques and devices have devel-
oped remarkably, there are still limitations to treat complex
aneurysm. Treatment for very small aneurysm is difficult
because of tearing or narrowing the parent vessel during
clipping and insufficient saccular space to deploy coil in

2729 Fusiform aneurysm also is

endovascular treatment
difficult and dangerous to be treated by surgical clipping or
endovascular coiling because it has fragile wall and indis-
tinct neck. In past series, the “deconstructive” methods, des-

cribed as proximal occlusion or trapping, had been treatment
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of choice for fusiform aneurysm”™'?. With the development
of stent material and technique, the new concept has been
evolved recently into “endovascular bypass” or “endovas-
cular reconstruction” which is enabled to preserve affected
parent artery and perforators, and occlude aneurysm safely.
Compared with the deconstructive methods, the recons-
tructive ones may be more definitive and ideal treatment
physiologically. Sole stenting technique is one of reconstruc-
tive methods and has been reported on alternative treatment
of complex aneurysms, which were extremely difficult and
dangerous to be deployed coils"*'**
veness and safety of this technique had not been defined
well. The complications such as thromboembolism asso-

). However, the effecti-

ciated with stenting, in-stent stenosis, and occlusion of per-
forating artery had been rarely reported®'®'**> We
report follow-up results of 9 cases treated by sole stent
technique, and review the results in other literatures.

MATERIALS AND METHODS

A retrospective study was made of 9 patients who treated
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by sole stenting technique for cerebral aneurysm between
January 2003 and January 2009. After neurovascular and
endovascular surgeons had discussed about methods of
treatment for patients and concluded that the sole stent
technique was best appropriate method, procedure was
performed. Medical and radiological records were reviewed
in all patients. Demographic factors of patients treated by
sole stenting technique are shown in Table 1. There were 5
males and 4 female with mean age of 53.3 years (range
from 43 to 67 years), and 5 cases were ruptured and 4
unruptured. Fusiform aneurysm was two in number, very
small aneurysm (< 3 mm) in five, and small aneurysm (> 3
mm) in two. Seven aneurysms were located in the ICA, 1
in the middle cerebral artery (MCA) and 1 in the basilar
artery.

In unruptured cases, dual antiplatelet therapy had been
treated during 2-3 days before procedure. In ruptured cases,
due to risk of re-bleeding, dual antiplatelet was not pres-
cribed. At the beginning of the procedure, the patient was
pretreated by heparin bolus (5,000 IU) injection, and follow-
ed by 1,000 IU/hour of heparin. Patient was heparinized to
an activated clotting time (ACT) of 250 to 300 seconds
during the procedure. After procedure, dual antiplatelet
therapy (75 mg clopidogrel daily for 1month and 100 mg
aspirin daily for 6 months) was prescribed in all cases.

Table 1. Demographic factors of patients treated by sole stenting technique

Types of implanted stents were the Neuroform stent (Bos-
ton Scientific/Target Therapeutic, Fremont, CA, USA) in 7
cases, the Enterprise (Cordis Neurovascular, Miami, FL,
USA) in 1 and both the Neuroform stent and the Enter-
prise in 1. Post-procedure cerebral angiography was obtain-
ed immediately. Follow-up cerebral angiography was per-
formed at post-procedure 3 months, 6 months and 12
months. Mean follow-up period is 10 months (ranged
from 3 days to 30 months).

RESULTS

The results of patients are shown in Table 2. Eight
patients were treated by sole stenting technique and 1 by
stent assisted coiling. The latter patients (Case 1) had
ruptured very small aneurysm of the left ICA. At 3 months
after stent assisted coiling, the migration of coil mass into
distal MCA was revealed in follow-up cerebral angiography.
Fortunately, he had no clinical change and normal neurol-
ogic state. Due to very small size of aneurysm, further coil
insertion could not be performed thus the patient was kept
under careful observation with serial imaging follow-ups.
Decreased size of aneurysm was shown in follow-up cere-
bral angiography at post-procedure 14 months and his
neurologic state was normal (Fig. 1).

Single stenting was performed in 6
cases, double stenting in 2, and tandem

No Age/Sex State of An. H&H An. shape Locution stenting was performed in 1, and a
1 67/M Ruptured Grll Very small An. Left ICA patient (Case 3) with fusiform dissect-
2 49/M Ruptured Grll Very small An. Both ICA .
3 43/ Ruptured ol Fusiform An. LeftICA ing aneurysm of the left ICA was treat-
(disecting) ed .by double stent insertion. He ex-
4 47)F Unruptued Saceular, small An. Right ICA perienced subarachnoid hemorrhage
5 67JF Ruptured ol Very smallAn, Left ICA and his neurologic state was Hunt and
6 51/F Ruptured Gl Very small An, RghtMcA  Hess grade 2 at admission. Double
7 58/M Unruptured Fusiform (dissecting) ~ Busiartrunk  stenting technique with two Neuro-
8 54/F Unruptured Very small An. Left ICA form stent was performed and there
9 44/M Unruptured Saccular, small An. Left ICA were no procedural complications. Al-
An. : aneurysm, ICA : infernal carotid artery, MCA : middle cerebral artery though there was no change of aneu-
Table 2. The outcome of patients treated by sole stenting technique
No. Stent Commplication - .Im,m,edi(.ﬁe Last f/u angiographic Clinical
dangiographic result result outcome
1 Single Neuroform Coil migration No chunge Decreused size (14 months) No deficit
2 Single Neuroform No No chunge No change (3 days) No deficit
3 Double Neuroform No No chunge Decreused size (30 months) No deficit
4 Single Neuroform No No chunge Decreused size (6 months) No deficit
5  Single Neuroform Suboptimal deployment No chunge Decreused size (6 months) No deficit
6 Single Neuroform No No chunge Decreused size (3 months) No deficit
7 Tundem (X3) Neuroform No No chunge No change (3 months) No deficit
8  Sigle Enterprise No No chunge Decreused size (6 months) No deficit
9 Double Neuroform Enterprise No No chunge No change (3 months) No chunyge
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Fig. 1. A 67-year-old male (Case 1) with a ruptul
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(ICA) aneurysm. A : Preperative left ICA angiogram in the lateral view shows a very
small aneurysm of the ICA (Arrow indicates aneurysm). B : Left ICA angiogram in the same view immediately after stent assisted coil embolization. C : Follow-
up image at postoperative 3 months demonstrates coil migration (arrow head). D : Follow-up ICA angiogram at postoperative 12 months shows decreased
size of aneurysm.

shows dissecting aneurysm (arrow) of the left ICA. B : Immediate postoperative angiogram in same view demonstrates inserted stents and no change of
aneurysm. C : Follow-up angiogram at postoperative 6 months demonstrates decreased size of aneurysm and blunting of rupture site. D : At postoperative 30-
month angiogram shows no change of aneurysm size.

ig. 3. A 47-year-old female (Case 4) with two aneurysms in the right internal carotid rtery (ICA). A and B : Preoperative right ICA angiogram and 3

©) ®

dimensional (3D) reconstruction view demonstrate two ICA aneurysms, one of them is the ruptured posterior communicating artery (PComA) aneurysm and
the other is unruptured aneurysm in the cavernous segment of right ICA. C and D : Follow-up right ICA angiogram and 3D reconstruction view at postoperative
6 months show complete occlusion of PComA aneurysm and decreased size of the cavernous aneurysm.

rysm size in immediate cerebral angiography, decreased
aneurysm size and reconstruction of parent artery was
revealed in follow-up angiography at post-procedure 6
months. In angiography at post-procedure 30 months,
aneurysm size was not change and his neurologic state was
normal (Fig. 2). Tandem stenting was performed in
vertebrobasilar dissecting aneurysms (Case 7). Because the
aneurysm affected in too long segment of basilar artery (50
mm), one or two stents were unable to cover the affected
lesion. Therefore, patients underwent tandem stenting with
three Neuroform stents. The procedural complications
were not seen. Cerebral angiography at post-procedure 3

month showed no aneurysm growing and patient had
stable neurological condition.

One patient (Case 4) had two aneurysms which were
small (3 x 5 mm) sized, saccular unruptured aneurysm in
cavernous segment of the right ICA and a ruptured aneu-
rysms in the communicating segment of same side ICA.
The stent was deployed to cover the necks of ruptured and
unruptured aneurysm, and coil embolization was only
performed for the ruptured one. At post-operative 6 months,
cerebral angiography showed that the size of unruptured
aneurysm was decreased (Fig. 3).

In 6 of 9 cases, aneurysm size was decreased and in 3

547



J Korean Neurosurg Soc 46 | December 2009

cases, was not changed at follow-up images. Although total
occlusion was not seen, all patients had stable neurological
condition and angjographic result. The procedural complica-
tions occurred in 2 cases. One was coil migration into the
distal artery and the other suboptimal deployment of stent.
However, the complication was asymptomatic. Re-bleeding
and thromboembolic complication had not been occurred.

DISCUSSION

The sole stenting technique in the treatment of cerebral
aneurysm has developed as an alternative tool to stent
assisted coil embolization and had occluded many complex

1,3-6,8,10,13,20,21,23,26,29,30,33

aneurysms . Their mechanism was

explained as hemodynamic cause and thrombotic pheno-

Table 3. Summary of literature associated with sole stenting technique

menon. Implanted stent alters the flow pattern and reduces
the flow into the aneurismal sac, and finally results in aneu-
rismal thrombosis and occlusion. Additionally, the neo-
intimal tissue covers throughout the luminal surface of the
stent and the affected artery is reconstructed. Lopes and
Sani'® reported that histological evaluation of the Neuro-
form stent 4 months after stenting showed complete endo-
thelialization of the stent in autopsy, and de novo fibroblas-
tic tissue formation along the neck of the aneurysm.

We reviewed the literatures on complex aneurysm treated
by sole stenting technique and found 74 cases in 18 articles
(Table 3). Fifty-nine of 74 cases (79.7%) resulted in total
and stable subtotal occlusion at follow-up cerebral angio-
graphy. Five of 74 cases (6.8%) showed procedure related
symptomatic complications. Four cases (5.4%) showed

Author & year No. Locution Stent overlapping Complication Angiographic Results
Bendorf (2001) 1 VA D No CO
Lylyk (2001) 1 VA D No CO
Chidradio (2002) 1 VA S No CO
Levy (2002) 1 VA S Thrombotic occlusion Flow reduced
Vanninen (2003) 3 ICA, BA S No CO
Kaku (2003) 1 BA S Rebleeding Contrast stagnation
Mehtu (2003) 3 VA D No CO
Doerfler (2004) 2 VA D No CO
Jumous (2004) 1 BA S No CO
Ahn (2006) 10 VA D:4 No CO:9
S:6 SO: 1
Fiorellu (2006) 10 BA, VA, ICA S:3 Asymptomatic CO:5
D:6 in-stent stenosis : 2 SO:4
T:1 Thrombosis : 2 NA:1
Lubicz (2008) 2 VA, ICA D Cerevicul ICA dissection CO
Ansari (2008) 6 ICA, VA S:2 Asymptomatic CO:5
D:1 in-stent stenosis SO:1
T:2
Tr:
Chen (2008) 1 ICA S No CO
Yavuz (2008) 4 BA.ICA S No CO:2
SO:1
NA: 1
Wuakhloo (2008) 6 ICA, VA, BA S:5 Asymptomatic CO:4
D:1 in-stent stenosis NA: 2
Zenteno (2008) 20 VA, BA, SCA, PCA S Rebleeding: 1 CO: 15
Infarction: 1 SO:2
Recanlization : 1
Fdilure : 1
NA: 1
Pumar (2008) 1 MCA S No CO
Total 74 10 CO: 50
SO:9
NA:5

BA : busilar artery, CO : Complete occlusion, D : double stent, ICA : internal curotid artery, NA: hot avdiluble, PCA: posterior cerebellar artery, S : single
stent, SO : subtotal occlusion, SCA : superior cerebellar artery, T : triple stent, Tr : Tetra stent, VA: vertebral artery
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asymptomatic in-stent stenosis. In our series, 6 patients
(66%) experienced subtotal occlusion and there are no
symptomatic procedure related complications. Author con-
siders that these results are favorable.

The effectiveness of stent overlapping has been contro-
versy. Kim et al.'” reported hemodynamic influence accord-
ing to number of stents, and that double stent model had
more significant change. In contrast, Rhee et al.”” suggested
no significant effect related on porosity. The number of
overlapping stents was usually determined by surgeon’s
preference. Endovascular surgeons who prefer stent overlap-
ping suggested that stent overlapping could decrease the
porosity of stent construct and decrease the inflow to the
aneurysm, and thus enhancing blood stasis and throm-

8202123 However, some endovascular surgeons had

1,5,6,13,26,29,33) To

bosis
experienced good results from single stenting
correlate between hemodynamic change and stent’s porosity,
further investigation should be necessary.

Fusiform dissecting aneurysm and sole stent
Incidence of intracranial fusiform aneurysms is rare (<
0.1%). Nevertheless, the fusiform aneurysm, especially
dissecting aneurysm, is extremely fatal condition and
mortality rate in 5 years is up to 80% in ruptured cases™.
Intracranial arterial dissections can cause an ischemic stroke

or devastating hemorrhage!>*!%1420.21:232630

. Presenting
symptoms are various and are associated with pathologic
process such as mass effect, ischemic event from thromboem-
bolism or hemorrhage. In cases of vertebral artery dissection,
the rebleeding rate is extremely high (> 30%)>**. Due to
fragile aneurysm wall, deep location, circumferential shape
and incorporated perforators, fusiform aneurysms are too
difficult and dangerous to be treated by clip or coil. In past
years, proximal occlusion (or trapping) had been treatment
of choice””'?. These deconstructive techniques are risky
procedure itself and may need rigorous preoperative exami-
nation (etc balloon occlusion test), and if collateral circula-
tion was insufficient, more complex procedure such as
bypass surgery might be necessary. Also, retrograde flow
may be a cause of aneurysm re-growth. At present, many
endovascular surgeons has treated it by reconstructive me-
thod such as stent technique and experienced good result.
Author believes that stent technique with or without coiling
is more physiologic method for treatment of fusiform
aneurysm.

Very small saccualr aneurysm and sole stent

In some cases, neurovascular surgeons meet very small
aneurysm including blood blister like aneurysm, which is
extremely dangerous to treat by using clip or coiling™**.

Sole Stenting on Complex Aneurysms | YJ Kim

Chen et al.” reported very small aneurysm of supraclinoid
ICA treated by sole stenting technique. Aneurysm obliter-
ated completely at 8 month after stenting. Vanninen et al.””)
described 3 cases of saccular aneurysm which were success-
fully treated with coronary stent alone. They considered
that small aneurysm may be obliterated easier than large
ones. The sole stenting technique may bring on spontaneous
aneurismal thrombosis gradually during the following
weeks when aneurysm was extremely dangerous to treat by
coiling””. Author had treated 5 case of very small aneurysm
by sole stenting technique, 4 cases of them achieved dec-
reased size reduction and all of them had stable clinical
state. Size reduction of small aneurysm in the cavernous
ICA after stenting in remaining one case. It is thus consi-
dered that sole stent technique may be an alternative treat-
ment method for very small and small aneurysm, which is
not amenable with conventional treatment.

The complications related to intracranial stenting are in-stent
stenosis, thrombosis and thromboembolic eveng 1117192233

In-stent stenosis

Although in-stent stenosis is major problem on stenting
for artherosclerotic stenosis, parent artery of aneurysm is
generally non-artheromatous and non-stenotic, and stent
has low radial force, so in-stent stenosis on the treatment
for aneurysm occurs rarely”'”'"*”. Some authors®'" had
reported asymptomatic in-stent stenosis, which resolved
spontaneously on follow-up angiography. They suggested
conservative treatment such as dual antiplatelet therapy,
follow-up image and neurologic examination in patient
with asymptomatic in-stent stenosis. Fiorella et al."” reported
5.8% rate of moderate to severe (> 50%) in-stent stenosis
and 1.3% rate of symptomatic stenosis. Prior to self-
expandable, low radial forced intracranial stent was devel-
oped, intracranial stenting had been performed by coronary
stent, which was balloon-mounted and has high radial
force. High radial force was the cause of in-stent stenosis.
Neuroform stent was one of intracranial stent, which chara-
cterized as self-expandable, open cell design, and ultra-thin

strut. Some authors™'"*

) suggested that due to lower radial
force of Neuroform stent, in-stent stenosis might be occurred

rarer than coronary stent.

Perforator patency
Occlusion of perforator is one of major complications

1222 Three main mechanisms

from intracranial stenting
include snow plowing effect, stent jailing, and in-stent
neointimal hyperplasia'”. Snow plowing effect occurs from
longitudinal redistribution of artherosclerotic plaque by

stenting. Prior to stent insertion, meticulous evaluation about
g
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artherosclerotic parent vessels may be necessary. Stent jailing
occurs when stent strut covered the ostium of perforators.
Wakhloo et al*? suggested that perforators might tend to
remain patent below 50% of the ostial diameter covered by
the struts. Masuo et al.”? investigated experimental 7 vivo
model, and suggested that intracranial stenting may not
occlude perforating arteries of the same diameter, even if
stent struts cover the ostium. Author suggests that careful
evaluation of artherosclerosis, use of low profile stent, and
dual antiplatelet therapy are necessary for preventing occlu-
sion of perforators. Also, because Neuroform stent has ultra-
thin strut and low radial force, perforator occlusion rate
may be very low.

Thrombosis and dual antiplatelet therapy

Major disadvantage of intracranial stenting is thrombo-
genesity. Many clinicians'®'"7*%)
pretreatment of dual antiplatelet therapy especially in cases

have recommended

of unruptured aneurysm. However, in ruptured cases, anti-
platelet therapy may be the cause of premature rupture.
Kim' reported the low rate of thromboembolic event
without premedication of antiplatelets regimen and sug-
gested that premedication of dual antiplatelet therapy did
not seem necessary. After treatment of aneurysm with
stenting, dual antiplatelet therapy should be prescribed to
prevent thromboembolic complications. Appropriate periods
of times are necessary untl aneurysm is occluded completely.
During these periods, the risk of hemorrhage may increase
because of dual antiplatelet therapy. Author’s patients
treated by stent alone had not experienced additional cerebral
hemorrhage. To our experience, dual antiplatelet therapy
may not increase hemorrhagic risk. As the regimen of dual
antiplatelet therapy, combination clopidogrel (75 mg for 1
month) with aspirin (100 mg for 6 month) was prescribed
to patients in author’s hospital.

CONCLUSION

Although there were no cases of complete occlusion, 9
patients treated by sole stenting technique have stable
clinical state and favorable angiographic result. Sole stent-
ing technique can be a relatively effective and safe alternatve
in the treatment of fusiform and very small sized aneurysm,
which are not amenable with conventional surgical or
endovascular therapy. More long-term outcome and larger
analysis should be necessary.
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