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Introduction

Intracranial vertebral artery (VA) dissecting aneurysms

represent approximately 3% of all intracranial aneurysms,20)

and subarachnoid hemorrhage (SAH) from dissecting VA

aneurysms is a well-known phenomenon.7) The prompt

recognition and treatment of these aneurysms is of utmost

importance due to their high rate of rebleeding in the

unsecured state.4)16)18) The incidence of intracranial VA

dissection is relatively low, but it has been more frequently

identified due to the introduction of advanced diagnostic

imaging modalities including magnetic resonance (MR)

angiography and multidetecter computed tomography (CT)

angiography. In this report, we describe our clinical

experience with VA dissections which were treated by stent

angioplasty using double or multiple stents. 
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Patients and Methods

Patients

A retrospective review of intracranial VA dissections

managed by endovascular stent placement at our institution

was performed. During the period between 2000 and 2007,

28 consecutive VA dissecting aneurysms were treated with

surgical method or/and endovascular method at out

institution. Among them, 20 patients were excluded

including those treated with other modalities such as surgery

or endovascular occlusion. The remaining 8 patients

underwent endovascular treatment using multiple stent

placement. Demographic and clinical presentation data of

the patients are shown in Table 1. At presentation, 3 patients

had SAH, 1 had ischemic events which were repeatedly

presented despite antiplatelet therapy, and 4 had severe

sudden-onset suboccipital headache. In all cases, it was

essential to preserve the parent artery or posterior inferior

cerebellar artery (PICA) due to its dominancy. We

retrospectively evaluated the treatment success rates,

complications encountered, and patient outcomes. 

Procedures

Before stent angioplasty, informed consent was obtained

from patients or their relatives. The patients scheduled for

elective procedures received aspirin (100 mg) and

clopidogrel (75 mg) for 3 days before the stent procedure.

For the patients with SAH, antiplatelet therapy was done

with loading dose of clopidogrel (300 mg) through the Levin

tube immediately after the procedure since they required

emergency procedure. 

All the patients underwent procedures under general

anesthesia. After femoral puncture with standard Seldinger,

6-F introducer sheath was placed in the right femoral artery.

After placement of 6-F guiding catheter (Envoy Max ID

Multipurpose 90cm; Codmann, Johnson and Johnson

Medical, Miami, FL, USA) in the proximal VA, full

systemic heparinization was achieved by administrating

2000~4000 IU bolus followed by hourly boluses of 1000 IU

and monitoring of the activated clotting time. Stents were

positioned across diseased segments to have an overlap on

each side of the orifice of the dissection. We used balloon-

expandable stents currently applied in interventional

cardiology such as S670 (Medtronic AVE, Santa Rosa, CA),

Driver (Medtronic AVE) and Flexmaster (Jomed

Internaltional, Helsinborg, Sweden) to achieve appropriate

luminal diameter and sufficiently narrow strut size to

occlude dissecting aneurysm. All patients underwent double

or multiple overlapping stents placement in order to

minimize the stent porosity. After the interventional

procedure, the catheter was removed and the sheath was left

in the groin. The patient was moved to the neurosurgical

intensive care unit for patient monitoring and received

heparin 1,000 IU/hour for the next 24 hours. Heparinization

was discontinued after 24 hours post-treatment but not

reversed. After the procedure, aspirin and clopidogrel were

subsequently started. Aspirin 100 mg once daily was

continued as permanent medication. Additionally, 75 mg

clopidogrel was given once daily for 12 months. 

Evaluations and Follow-Up

Digital subtraction angiography (DSA) was performed on

all patients after the procedure. Angiography was assessed

for lesion size, shape, location and relationship to adjacent

arterial branches- PICA, anterior inferior cerebellar artery

(AICA) and basilar artery. The angiographic features were

classified as 1) Pearl and string; corresponding to a fusiform

dilatation associated with proximal or distal narrowing, 2)

String; corresponding to an isolated irregular narrowing, 3)

Fusiform dilatation, and 4) Double lumen.

The grades of aneurysmal occlusion subsequent to

multiple stents deployment were divided as complete (100%

occluded), nearly complete (>=95% occluded), and

incomplete (<95% occluded). Immediate post-treatment

angiogram was performed in all cases and follow-up

angiographies were performed at 6~12 months in six

patients. Further examination was obtained yearly if needed. 

The safety of this procedure was evaluated by the

incidence of any procedure-related complications, including

rupture of the aneurysm or dissection of parent vessel,

vasospasm and thromboembolic or hemorrhagic event

during the procedure and within 30 days after the procedure.

Follow-up data were collected by phone interview or from

the most recent office note, and modified Rankin scale

(mRS) was assigned. Overall outcomes were defined as

excellent, mRS 0-1; good, mRS 2; poor, mRS 3-5; or death,

mRS 6.
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Results

Stent type and size, complication related to treatment, and

angiographic and clinical outcomes were summarized in

Table 2. There were 5 men and 3 women in the study group,

with age ranging from 37 to 71 years (mean age, 54 years).

The follow-up period ranged from 18 to 92 months, with

median period of 37 months.

Stent placements were technically successful preserving

parent artery and PICA in all cases. We performed double

stent replacement in 6 patients, triple stent replacement in 1

patient, and quadruple stent replacement in 1 patient. We

decided the method that could be applicable to each case by

considering the clinical manifestations, size, location and

relationship with adjacent arterial branches. Immediate

angiographic findings were incomplete occlusion in all cases

(8 patients). Follow-up angiogram showed complete

occlusion in 5 cases within 6~12 months and incomplete

occlusion in one patient (all aneurysms were stable), and

there was no evidence of in-stent-thrombosis or stenosis. 

Despite the risk of rebleeding, 3 patients with

subarachnoid hemorrhage were treated only with multiple

stenting to preserve the parent artery or posterior inferior

cerebellar artery (PICA) due to its dominancy. Regardless of

initial incomplete occlusion, no recurrent hemorrhage

occurred during the follow-up period. Although various

degrees of contrast filling of the aneurysms were visible at

the end of the procedure, follow-up angiogram clearly

revealed beginning thrombosis, which continued and

resulted in a substantial reduction of the aneurysmal size,

that was observed after 4 weeks. Six month control

angiogram revealed total occlusion of the aneurysms except

one case (case No. 6). In 4 patients with headache, 3 patients
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Fig. 1. CT scan and angiograms in a 49-year-old man with a dissecting aneurysm of the distal

intracranial right vertebral artery treated by quadruple stents method. (A) Initial CT scan

demonstrating SAH. (B) Anteroposterior projection demonstrates a dissecting aneurysm (pearl &

string) of the right distal vertebral artery. (C) The first stent (Driver 3 × 30) is deployed across the

vertebrobasilar junction. (D) The second stent (Flexmaster 3 × 19) is placed within the first stent in an

overlapping manner. (E) The third stent (Flexmaster 3.5 × 19) is placed on the proximal side of the

second stent in an overlapping manner. (F) The third stent (Zeta 3 × 38) is placed on the proximal

side of the third stent in an overlapping manner. (G) Angiogram obtained 6 months after stent

placement reveals incomplete healing of the aneurysm. (H,I) Angiogram obtained 1 year after stent

placement reveals complete healing of the aneurysm.



(75%) were improved and 1 patient was not evaluated due to

follow-up loss. In 1 patient with ischemic stroke, there was

no instance of new ischemic attack, new neurologic deficit,

and new minor or major stroke after the procedure. 

There were 2 complications(25%). One patient (case No.

4) had temporary vasospasm during the procedure, which

resulted in underestimation of the dissection area and

required a longer second stent positioning within the first.

Another patient (case No. 8) had acute thrombosis. The

patient initially presented with SAH (Hunt-Hess grade III,

Fisher grade III) due to ruptured right VA dissecting

aneurysm, which was treated using two stents [Neuroform

(4.5 20) Flexmaster (3.5 16)]. Immediate post-treatment

angiogram showed acute thrombosis of stent placement site.

After intra-arterial injection of urokinase 100,000 U and

Tirofiban 2.5 mg, thrombosis was resolved and stent lumen

was intact. 

On the modified Rankin scale applied in follow-up, 6

patients were assessed as functionally improved or stable

clinical status except 2 patients. One patient was expired due

to cardiopulmonary complications 1 month after the

procedure, and another patient could not be assessed due to

loss to follow-up.

Discussion

Endovascular treatment is now considered as one of the

efficient treatment options in symptomatic vertebral

dissecting aneurysms.17)21) Endovascular treatment of

dissecting aneurysms of the intracranial VA artery can be

divided as being deconstructive and reconstructive.1)

Deconstructive endovascular techniques include proximal

occlusion of the parent artery and occlusion of the dissected

segment of the vessel with coils and/or balloons.

Deconstructive procedures alone can be sufficient if

important branch vessels are not incorporated in the segment

of the vessel to be occluded, and collateral blood flow to the

remainder of the posterior circulation is adequate. However,

Stent Angioplasty for Vertebral Artery Dissections
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Fig. 2. CT scan and angiograms in a 71-year-old man with a dissecting aneurysm of the distal intracranial right vertebral artery

treated by double stents method. (A) Initial CT scan demonstrating SAH. (B) Anteroposterior projection shows a fusiform dilatation of the

right distal vertebral artery and vertebrobasilar junction with severe stenosis on the free posterior inferior cerebellar artery segment. (C)

The first stent (Neuroform 4.5 × 20) is deployed across the vertebrobasilar junction. (D) The second stent (Flexmaster 3.5 × 16) is

placed on the proximal side of the first stent in an overlapping manner. (E) Acute thrombosis is developed at the second stent

deploying site. (F) Angiogram obtained immediately after the intraarterial infusion of urokinase 100,000 U and Tirofivan 2.5 mg

demonstrates complete recanalization of the right vertebral artery. (G) Angiogram obtained 8 days after stent placement reveals

stable incomplete healing of the aneurysm.



the dissected segment cannot be occluded in patients with

involvement of PICA and/or a dominant feeding pedicle to

the anterior spinal artery in the dissected segment.

Reconstructive endovascular treatments that consist of stent

placement including multiple stent method and stent-assisted

coil embolization are considered, in theory, as more

reasonable treatment options than destructive procedures

because we cannot predict the destiny of collateral vessels.1)

VA dissecting aneurysms may present with varied

symptoms and signs, including headache, neck pain,

transient ischemic attacks, cerebellar and brain stem infarcts,

and subarachnoid hemorrhage. Ischemic symptoms occur in

a large proportion of patients with VA dissections.

Approximately 10% of VA dissections extend intracranially

and can present with SAH.19) In cases presenting with SAH,

the surgical or endovascular treatment was considered

helpful due to the high rebleeding rate during the acute

stage.4)15) High mortality rates have been reported in patients

presented with SAH. Reported rebleeding rates in these

patients have ranged from 24% to 71%.4)16) Aggressive

treatments including internal trapping have been

implemented due to their tendency for early rebleeding and a

fatal natural course.16) Early intervention to prevent

rebleeding may improve overall outcome of patients.

However, it is not always possible to accomplish immediate

obliteration of dissecting aneurysm when it involves the

dominant PICA or when the contralateral VA is not

functionally competent.11) Some authors advocate using

double stents as overlapping or stent-within-a stent

technique.6)14)

Non-hemorrhagic type of VA dissections are considered to

be benign in nature, so the therapeutic management of non-

hemorrhagic type of VA dissecations remains

controversial.7)17) But, the patients who have persistent

symptoms of ischemia despite adequate anticoagulation or

dangerous lesions liable to rupture are generally considered

to be the indication of the surgical and endovascular

treatment. In this analysis, we even treated patients with

severe sudden-onset suboccipital headache using multiple

stents due to liability to rupture. 

Multiple stent placement may be a relatively simple

technique to more effectively change intra-aneurysmal flow

and achieve subsequent thrombosis. The influence of stent

porosity on changing the local hemodynamics between the

aneurysm and the parent vessel was shown in the

experimental studies.12)24) Findings of experimental studies

have shown that a metallic stent, bridging the aneurysmal

neck, may alter the flow pattern within the aneurysm,

promoting thrombus formation and aneurysmal occlusion.6)24)

Stent placement affects regionally on the arterial wall, and it

leads to neo-intimal formation through transient and regional

proliferation and migration of smooth muscle cells mixed

with various degrees of connective tissue matrix.5) In

addition, flow remodeling through the stent may promote

intra-aneurysmal thrombosis through immediate intimal

repair or reduced porosity, decreasing intra-aneurysmal

inflow and flow velocity, as demonstrated in aneurysm flow

models and animal experiments.12)24) Double stent method can

reduce the porosity and permeability of stent and alter inflow

into dissected zone or aneurysmal sac.12) This method can
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Fig. 3. Angiograms in a 63-year-old woman with a dissecting aneurysm of the distal intracranial right vertebral artery treated by

double stents method. (A) Anteroposterior projection demonstrates a fusiform dilatation of the right distal vertebral artery (B) The first

stent (Driver 4 × 24) is deployed across the dissecting aneurysm. (C) The second stent (Zeta 4 × 33) is placed in an overlapping

manner. (D) Angiogram obtained immediately after stent placement reveals incomplete healing of the aneurysm. 



further alter the inflow within the aneurysm, promoting

stasis and immediate thrombosis and safely allowing

subsequent neointimal endothelial formation.15) Dissecting

aneurysms might be good candidates for multiple stent

method, because a stent might effectively tack down the torn

vessel, resulting in occlusion of aneurysm and no

regrowth.6)8)

There have been several reports for treatment of the

dissecting aneurysms with stent placement.1)2)3)6)9)10)11)15)19)22)23)

Placement of a porous stent across the inflow zone alters the

dynamics of blood flow, often reducing flow into the

aneurysm. However, the single stent placement showed

complete occlusion of the aneurysm in a few cases. Lanzino

et al. reported 4 patients were treated with single stent

placement. In these patients, no one showed complete

occlusion of the aneurysm during 3 months follow-up

periods.11) Ahn et al. reported 5 patients were treated with

single stent placement alone. None of them showed

complete occlusion of the aneurysm on post-treatment and

follow-up angiograms.2) Mehta et al. reported 1 patient was

treated with single stent placement. The case has shown

incomplete occlusion of the aneurysm during 2 months

follow-up, so it was retreated with another stent placement.15)

In our study, 8 patients were treated with double or multiple

stents placement; all cases showed incomplete obliteration in

immediate post-treatment angiogram, but follow-up

angiogram showed 5 cases (62.5 %) of complete obliteration

of vertebral artery dissecting aneurysms within 6~12

months. Regrowth of the vertebral artery dissecting

aneurysm after single stent replacement was also reported in

several cases. Shin et al. reported 1 patient was treated with

single stent placement.21) The case showed regrowth of the

vertebral artery dissecting aneurysm 12 months after the

treatment. Ahn et al. reported 1 case of regrowth of the

vertebral artery dissecting aneurysm after single stent

placement. The patient underwent proximal occlusion with

coils after balloon occlusion test.1) In our study, 1 case

showed regrowth of the dissecting aneurysm one year after

the treatment although it was treated with double stent

placement. One more stent was deployed in an overlapping

manner, so finally triple stent placement was done. The

Angiogram obtained 6 months after the additional stent
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Fig. 4. Angiograms in a 54-year-old woman with a dissecting aneurysm of the distal intracranial right vertebral artery treated by triple

stents method. (A) Anteroposterior projection demonstrates a fusiform dilatation of the right distal vertebral artery (B) The first stent

(Flexmaster 2.75 × 26) is deployed across the dissecting aneurysm. (C) The second stent (Flexmaster 2.75 × 23) is placed on the

proximal side of the first stent in an overlapping manner. (D) Angiogram obtained 1 year after the stent placement reveals regrowing

of the aneurysm. (E) The third stent (Driver 3 × 24) is placed in an overlapping manner. (F) Angiogram obtained 6 months after the

third stent placement reveals stable incomplete healing of the aneurysm.



placement reveals stable incomplete healing of the

aneurysm.

Reducing the porosity and permeability of stent by

multiple stent placement technique may contribute to the

complete obliteration of the dissecting aneurysm and the

prevention of the regrowth of the aneurysm. There are some

limitations in treatment for dissecting aneurysm with double

or multiple stents method. Stent placement across the

aneurysm can alter the inflow within the aneurysm,

promoting intra-aneurysmal stasis. However, immediate

postprocedural angiograms after double or multiple stent

placement did not reveal complete obliteration of the

dissecting aneurysm in many reports.2)6)15) Theoretically,

stent-grafts or pipeline stents are the ideal implants for

covering dissecting aneurysms, but at present, they are still

in technical development. They also have several

disadvantages, such as increased thrombogenicity and

inflammatory reaction with subsequent intimal hyperplasia.

Of a particular importance in the intracranial circulation is

that they are less flexible than are bare stents.6)14) The limited

flexibility is a prominent drawback of the stent-grafts.14)

In our study, there was also no case that showed complete

obliteration of dissecting aneurysm immediately after the

multiple stent placement. Furthermore, it took a long time

for the aneurysm to be completely obliterated. Although a

sufficient hemodynamic protection is at least anticipated, it

may not completely prevent the ruptured dissecting

aneurysm from rebleeding. However, by reducing the

porosity and permeability of the stent, multiple stent

placement are considered more effective for the complete

occlusion of dissecting aneurysms and the prevention of the

regrowth of dissecting aneurysm than single stent placement.

Conclusion

Intracranial vertebral artery dissections can be treated by

endovascular method using multiple stent placement with

acceptable morbidity. Reconstructive treatment using

multiple stents may be an alternative for VA dissection

aneurysm with involvement of major artery. However,

further study is needed since treatment of patients presenting

with SAH using multiple stent placement can be

controversial.

REFERENCES

11) Ahn JY , Chung SS , Lee BH , Kim SH , Yoon PH , Joo JY.
Treatment of spontaneous arterial dissections with stent
placement for preservation of the parent artery. Acta
Neurochir (Wien) 147:265-73, 2005

12) Ahn JY, Han IB, Kim TG, Yoon PH, Lee YJ, Lee BH, Seo SH,
Kim DI, Joo JY. Endovascular treatment of intracranial
vertebral artery dissections with stent placement or stent-
assisted coiling. AJNR Am J Neuroradiol 27:1514-20, 2006 

13) Ansari S, Thompson B, Gemmete J, et al. Endovascular
treatment of distal cervical and intracranial dissections with
the neuroform stent. Neurosurgery 62 : 636-46, 2008

14) Aoki N, Sakai T. Rebleeding from intracranial dissecting
aneurysm in the vertebral artery. Storoke 21:1628-31, 1990

15) Bai H, Masuda J, Sawa Y, Nakano S, Shirakura R, Shimazaki
Y, Ogata J, Matsuda H. Neointima formation after vascular
stent implantation. Spatial and chronological distribution of
smooth muscle cell proliferation and phenotypic modulation.
Arterioscler Thromb Vasc Biol 14:1846-53, 1994

16) Benndorf G, Herbon U, Sollmann WP, Campi A. Treatment of
a ruptured dissecting vertebral artery aneurysm with double
stent placement: Case report. AJNR Am J Neuroradiol 22:
1844-48, 2001

17) Doerfler A, Wanke I, Egelhof T, et al. Double-stent method:
therapeutic alternative for small wide-necked aneurysms. J
Neurosurg 100:150-4, 2004

18) de Bray JM, Penisson-Besnier I, Dubas F, et al. Extracranial
and intracranial vertebrobasilar dissections: diagnosis and
prognosis. J Neurol Neurosurg Psychiatry 63:46-51, 1997

19) Fiorella D , Albuquerque FC , Deshmukh VR , MacDougall
CG. Usefulness of the Neuroform stent for the treatment of
cerebral aneurysms: Results at initial (3-6-mo) follow-up.
Neurosurgery 56:1191- 201. 2005

10) Joo JY, Ahn JY, Chung YS. Treatment of intra- and
extracranial arterial dissections using stents and embolization.
Cardiovasc Intervent Radiol 28:595- 602, 2005

11) Lanzino G, Wakhloo AK, Fessler RD, Hartney ML, Guterman
LR, Hopkins LN. Efficacy and current limitations of
intravascular stents for intracranial internal carotid, vertebral,
and basilar artery aneurysms. J Neurosurg 91:538-46, 1999

12) Lieber BB, Stancampiano AP, Wakhloo AK. Alteration of
hemodynamics in aneurysm models by stenting: influence of
stent porosity. Ann Biomed Eng 25:460-9, 1997

13) Lylyk P, Cohen JE, Ceratto R, Ferrario A, Miranda C.
Combined endovascular treatment of dissecting vertebral
artery aneurysms by using stents and coils. J Neurosurgery
94:427-32, 2001

14) Marotta TR, Buller C, Taylor D, Morris C, Zwimpfer T.
Autologous veincovered stent repair of a cervical internal
carotid artery pseudoaneurysm: Technical case report.
Neurosurgery 42:408-13, 1998

15) Mehta B, Burke T, Kole M, Bydon A, Seyfried D, Malik G.
Stent-within-a stent technique for the treatment of dissecting
vertebral artery aneurysms. AJNR Am J Neuroradiol 24:1814-
18, 2003

16) Mizutani S, Aruga T, Kirino T, et al. Recurrent subarachnoid
hemorrhage from untreated ruptured vertebrobasilar
dissecting aneurysms. Neurosurgery 36:905-13, 1995

17) Muller BT, Luther B, Hort W, Neumann-Haefelin T, Aulich A,
Sandmann W. Surgical treatment of 50 carotid dissections:
Indications and results. J Vasc Surg 31:980-8, 2000

Ju Hyung Moon∙Chang Ki Hong∙Sang Hyun Suh∙Jung Yong Ahn∙Jin Yang Joo∙Young Min Kwon

191Kor J Cerebrovascular Surgery 11(4):184-92, 2009



Stent Angioplasty for Vertebral Artery Dissections

192 Kor J Cerebrovascular Surgery 11(4):184-92, 2009

18) Nakagawa K, Touho H, Morisako T, Osaka Y, Tatsuzawa K,
Nakae H, Owada K, Matsuda K, Karasawa J. Long-term
follow-up study of unruptured vertebral artery dissection:
clinical outcomes and serial angiographic findings. J
Neurosurg 93:19-25, 2002

19) Peluso JP, van Rooij WJ, Sluzewski M, et al. Endovascular
treatment of symptomatic intradural vertebral dissecting
aneurysms. AJNR Am J Neuroradiol 29:102-6, 2008

20) Schievink WI. Spontaneous dissection of the carotid and
vertebral arteries. N Engl J Med 344:898-906, 2001

21) Schievink WI, Piepgras DG, McCaffrey TV, Mokri B.
Surgical treatment of extracranial internal carotid artery
dissecting aneurysms. Neurosurgery 35:809-15, 1994

22) Shin YS, Kim HS, KIM SY. Stenting for vertebrobasilar

dissection: a possible treatment option for nonhemorrhagic
vertebrobasilar dissection. Neuroradiology 49 :149-56, 2007

23) Suzuki S, Kurata A, Iwamoto K, et al. Endovascular surgery
using stents for vertebral artery dissecting aneurysms and a
review of the literature. Minim Invas Neurosurg 51: 193-8,
2008

24) Wakhloo AK, Schellhammer F, de Vries J, Haberstroh J,
Schumacher M. Selfexpanding and balloon-expandable stents
in the treatment of carotid aneurysms: An experimental study
in a canine model. AJNR Am J Neuroradiol 15:493-502, 1994

25) Willing SJ, Skidmore F, Donaldson J, Nobo UL, Chemukha K.
Treatment of acute intracranial vertebrobasilar dissection with
angioplasty and stent placement: report of two cases. AJNR
Am J Neuroradiol 24: 985-9, 2003


