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BACKGROUND AND PURPOSE: There are only a few reports on the feasibility and safety of stents used
in the PICA, and clinical and angiographic follow-up results have not been fully addressed. We report
our experiences of treating PICA origin or vertebral artery�PICA lesions by using self-expanding stents
as adjuvant or rescue therapy with angiographic and clinical follow-up results.

MATERIALS AND METHODS: Six patients were treated with self-expanding stent placements from the
vertebral artery to the PICA. Two patients had a vertebral artery dissecting aneurysm involving the
PICA origin, 3 had vertebral artery�PICA aneurysms, and 1 had segmental stenosis of the vertebral
artery harboring the origin of the PICA. The safety, feasibility, and follow-up angiographic results were
retrospectively evaluated.

RESULTS: All procedures were successfully performed without any procedure-related complications.
None of the patients showed PICA territorial infarction on DWI posttreatment. All patients were
neurologically intact during the clinical follow-up of 3–24 months following the procedure. Follow-up
angiography was performed at between 6 and 12 months in 5 of the 6 patients and was scheduled for
the sixth patient but was not performed. The PICA showed good patency without in-stent stenosis in
all 5 patients.

CONCLUSIONS: In patients with lesions of the PICA origin or vertebral artery�PICA lesions, vertebral
artery-to-PICA stent placement may be an option for preserving PICA patency in selected cases.

ABBREVIATIONS EVT � endovascular treatment; PCA � posterior cerebral artery

Vascular lesions of the vertebral artery and/or PICA, such
as vertebral artery dissections, are not amenable to a sur-

gical or endovascular approach. Especially in the treatment of
lesions involving the PICA origin, precautions should be taken
against the possible risk of PICA occlusion because of the risk
of ischemic complications in the eloquent brain stem terri-
tory.1 If PICA flow compromise was expected or inevitable
during or after treatment, revascularization of the PICA
should be considered. Nevertheless, bypass surgery of the pos-
terior circulation carries a considerable operative risk due to
anastomosis in the deep and narrow operative corridor near
the brain stem and cranial nerves.2 Therefore, endovascular
therapies by using only placement or coiling are often consid-
ered the first-line of treatment.

Recently, user-friendly, self-expanding intracranial stents
have become available for the treatment of cerebral aneurysms
and intracranial atherosclerotic disease.3,4 In some circum-
stances, operators use those devices beyond the indications for
use in the device manual.5 In particular, the use of stent devices

in small intracranial vessels of �2-mm diameter is still con-
troversial.4,6 We reported the first case of vertebral ar-
tery�PICA stent placement for the preservation of patency of
the PICA.7 Thereafter, we experienced 5 more cases in which
vertebral artery�PICA stent placement was necessary. The
purpose of this study was to report the feasibility, safety, and
angiographic and clinical follow-up results of vertebral ar-
tery�PICA stent placement for various lesions in the 6 se-
lected patients.

Materials and Methods
Between 2009 and 2010 in 3 referring hospitals in Korea, we per-

formed stent placement in the vertebral artery�PICA in 6 cases. The

6 patients, 4 men and 2 women, underwent placement of the self-

expanding intracranial stent from the vertebral artery to the PICA.

The ages of the patients ranged from 49 to 68 years with a mean of 54.8

years. Two of the 6 patients had a ruptured vertebral artery dissecting

aneurysm involving the PICA origin. Three patients had vertebral

artery�PICA aneurysms, and the last patient had segmental stenosis

of the vertebral artery harboring the origin of the PICA. All patients

underwent DSA and rotational angiography with 3D reconstructions

to characterize the lesion and parent artery anatomy. All procedures

were performed with the patient under general anesthesia. For the

ruptured dissection and vertebral artery�PICA aneurysm, dual anti-

platelets (aspirin, 300 mg, and clopidogrel, 300 mg) were adminis-

tered just after the procedure and maintained for 1 year. In 5 patients,

we used the Enterprise stent (Cordis, Miami Lakes, Florida) from the

proximal vertebral artery to the PICA, and the Solitaire AB (ev3, Ir-

vine, California) was used in 1 patient. Follow-up angiography was

performed in 5 of the 6 patients between 6 and 12 months after the

procedure, and clinical follow-up was performed from 3 to 24 months

after the procedure in all patients. Clinical outcomes were evaluated

by using the Glasgow Outcome Score.
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Results
The characteristics of the 6 vertebral artery�PICA stent place-
ments are summarized in the Table. All procedures were suc-
cessfully performed without any complications. No patient
had PICA territorial infarction on DWI posttreatment. All 6
patients were neurologically intact during the clinical fol-
low-up from 3 to 24 months. Follow-up angiography was per-
formed in 5 of 6 patients at 6 –12 months after the procedure.
Follow-up angiography was also scheduled for the last patient
but was not completed. Follow-up angiography revealed good
PICA patency without in-stent stenosis in all 5 patients.

Representative Cases
Case 1. A 50-year-old man (patient 3 in the Table) was

admitted with severe headache. Brain CTA revealed suspicious
subarachnoid hemorrhage on the cerebellomedullary cistern
and fusiform dilation of the right vertebral artery. DSA re-
vealed a right vertebral artery dissection involving the PICA
origin (Fig 1A, -B). The diameter of the right vertebral artery
was 2.35 mm, and the diameter of the PICA was 1.54 mm. We
strongly suspected the rupture of the vertebral artery dissec-
tion from the clinical symptoms of the patient. Because the
patient had good flow from the contralateral vertebral artery,

Summary of characteristics of 6 patients who underwent stenting of vertebral artery�PICA

Patient
No.

Age (yr)/
Sex Presentation Diagnosis Treatment

Stent
(mm)

Imaging/Clinical
F/U (mo) GOS

1a 58/F Coexisting PICA aneurysm Stent coil Enterprise 11/24 5
4.5 � 22

2 49/M SAH Vertebral artery dissection Vertebral artery occlusion
with stenting

Enterprise 12/23 5
4.5 � 37

3 50/M Headache Vertebral artery dissection Vertebral artery occlusion
with stenting

Enterprise 6/6 5
4.5 � 22

4 55/M Dizziness Vertebral artery�PICA stenosis Stent Enterprise 6/6 5
4.5 � 28

5 49/M SAH PICA aneurysm Stent coil Solitaire 6/6 5
4 � 15

6a 68/F Coexisting PICA aneurysm Stent coil Enterprise 1/3 5
4.5 � 22

Note:—F/U indicates Follow-up; GOS, Glasgow Outcome Score.
aIn patient 2, “coexisting” means that there is another asymptomatic lesion.

Fig 1. A and B, The anteroposterior view of the right vertebral artery angiography (A) and the 3D reconstruction image (B). C, The Enterprise stent is placed through the PICA to the distal
portion of right vertebral artery via left the vertebral artery approach. D, The 6-month follow-up angiography reveals good PICA patency. E, The 3D reconstruction image also shows good
PICA patency. F, Illustration of the vertebral artery-to-PICA stent placement with coil embolization.
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we decided to occlude the dissecting segment by endovascular
treatment. However, the origin of the PICA involved the distal
segment of dissection. Therefore, we placed the self-expand-
ing stent through the vertebral artery to the PICA, approached
from the contralateral vertebral artery. A 5F Envoy guiding
catheter (Cordis) was introduced into both vertebral arteries
(V2 segment), and then a microcatheter (Prowler Select Plus,
Cordis) was placed in the distal portion of the right PICA
through the left vertebral artery. A 4.5 � 22 mm Enterprise
stent was then placed through the PICA to the right distal
vertebral artery. Another microcatheter (Excelsior 1018; Bos-
ton Scientific, Natick, Massachusetts) was placed at the dis-
secting segment from a right vertebral artery approach.

The dissected segment of the vertebral artery was com-
pletely occluded by coil embolization (Fig 1C). During the
coiling, 2000 IU of intravenous heparin was administered. The
right vertebral artery was completely occluded, and the flow
from the vertebral artery to the PICA was preserved by flow
from the left vertebral artery. Before the procedure, dual anti-
platelet loading (aspirin, 200 mg, and clopidogrel, 300 mg)
was performed, and just after the procedure, dual antiplatelets
(aspirin, 100 mg, and clopidogrel, 75 mg per day) were main-
tained. The diffusion MR imaging showed a few small embolic
infarctions around the PICA, but the patient showed no neu-
rologic symptoms. The 1-week follow-up angiography
showed good patency of the PICA, and the patient was dis-
charged without neurologic deficits. The 6-month follow-up
angiography showed that the dissected segment was com-
pletely occluded (Fig 1D). The caliber of the PICA increased
slightly (1.66 mm) with good patency as the PICA was
straightened and the vertebral artery–PICA angle became
larger. In addition, the patient had no neurologic deficit at the
6-month clinical follow-up.

Case 2. A 55-year-old man (patient 4 in the Table) present-
ing with repetitive dizziness was referred from the department
of neurology. The patient had been taking dual antiplatelets
(aspirin, 100 mg, and clopidogrel, 75 mg) for stenosis of both
vertebral arteries. DSA revealed a left vertebral artery stenosis
involving the origin of the PICA (Fig 2A, -B). DSA showed
slight interval progression of focal segmental stenosis involv-
ing the left vertebral artery, just proximal to the origin of the
PICA compared with the previous study. The diameter of the
most stenotic vertebral artery was 1.11 mm, and the diameter
of the proximal PICA was 1.27 mm.

The patient had several recurrent ischemic attacks despite
proper antiplatelet medications, and the follow-up angiogra-
phy showed aggravation of vertebral artery stenosis. We de-
cided to perform vertebral artery stent placement for treat-
ment of the vertebral artery stenosis. After giving intravenous
heparin (3000 IU), a preshaped 45-degree microcatheter (Ex-
celsior SL-10, Boston Scientific) was place in the basilar artery.
After that, the microcatheter was removed by using an ex-
change microwire, and a 3.0 � 15 mm intracranial balloon
(Gateway, Boston Scientific) was placed at the stenotic lesion
of the vertebral artery. Then, angioplasty (6 atm) was per-
formed. Post-balloon angiography showed dilation of stenosis
involving the vertebral artery, with the remaining stenosis in-
volving the PICA origin. A 4.5 � 20 mm Wingspan stent (Bos-
ton Scientific) was then placed at the vertebral artery across the
origin of the PICA.

Poststent angiography showed favorable anterograde flow
to the vertebral artery, but without contrast filling in the PICA.
We gave intravenous heparin (1000 IU) and intra-arterial ti-
rofiban (1 mg) immediately, but repetitive angiography
showed no more contrast filling of the PICA (Fig 2C). We
suspected “snowplowing” of the PICA by placement of the
stent in the vertebral artery. A preshaped 90° microcatheter
(Excelsior SL-10) was placed in the PICA; then, it was ex-
changed with the microcatheter (Prowler Select Plus). A 4.5 �
28 mm Enterprise stent was placed from the proximal PICA to
the vertebral artery, and the flow to the PICA was completely
recovered.

We confirmed good patency of the vertebral artery and the
PICA flow with follow-up angiography after 30 minutes. Just
after the procedure, dual antiplatelets (aspirin, 100 mg, and
clopidogrel, 75 mg per day) were maintained. Diffusion MR
imaging showed no infarction at the territory of the PICA, and
the patient was discharged without neurologic deficits. The
6-month follow-up angiography showed that the vertebral ar-
tery and PICA had good patency without restenosis (Fig 2D).
The diameter of the poststenting PICA increased slightly to
1.39 mm. The patient displayed no neurologic deficit on the
6-month clinical follow-up.

Discussion
Treatment of vertebral artery lesions involving the PICA ori-
gin requires complete resolution of the vertebral artery lesion,
maintaining PICA patency or revascularization of the PICA by
surgical procedures such as an occipital artery-to-PICA by-
pass,8 PICA side-to-side anastomosis9 or PICA transposi-
tion.10 However, these surgical strategies may be inconvenient
because they may take a relatively longer time and result in
some postoperative complications, such as lower cranial nerve
palsy.11 With EVT, the choice of treatment for patients with
vertebral artery�PICA lesions depends on the patency of the
contralateral vertebral artery as well as the relationship be-
tween the vertebral artery lesion and the location of the PICA
origin.7 If the vertebral artery dissection/aneurysm is located
proximal or distal to the PICA without hypoplasia of the op-
posite vertebral artery, the lesion can be treated easily with
total occlusion of the lesion segment so that the PICA will be
filled from the ipsilateral or contralateral vertebral artery.8

In case 1 (patient 3 in the Table), the rupture point of the
vertebral artery dissection was adjacent to the origin of the
PICA. There was considerable risk of PICA occlusion if we
performed complete occlusion of the dissecting segment.
Considering the surgical treatment, we would plan to trap the
dissected segment with an occipital artery�PICA bypass. In
place of this surgical strategy, we considered EVT by using any
stent based on previous experiences of vertebral artery�PICA
stent placement.7 The PICA could be occluded by coil embo-
lization in the proximal segment of dissection, so we con-
cluded that the proximal vertebral artery-to-PICA stent place-
ment might prevent an overcoiling or snowplowing with
preservation of the PICA patency. Then we performed coil
embolization of the vertebral artery dissection after stent
placement of the vertebral artery-to-PICA (Fig 1).

In case 2 (patient 4 in table), undesired obliteration of the
PICA flow occurred after vertebral artery stent placement. We
thought that this event also occurred because of snowplowing
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by the vertebral artery stent placement. Using previous expe-
rience with a vertebral artery�PICA stent,7 the authors placed
an Enterprise stent in the PICA with its diameter being �2
mm, even though the Enterprise stent was optimal for an in-
tracranial artery with a diameter �2.5– 4 mm.4 There are no
reports on the feasibility and safety of the stents in small intra-
cranial vessels of �2 mm in diameter, and the longer term
effects of the presence of the stent have not yet been re-
ported.11 However, there are some reports on the safety of
stents in small cerebral arteries from case series studies. Turk
et al12 concluded that the use of self-expanding stents in vessel
diameters �2 mm could be performed safely and efficaciously
for short- and intermediate-term results. In addition, Siddiqui
et al13 concluded that Enterprise stents were successfully and

accurately deployed in vessels of �2 mm in diameter with no
occurrence of stent occlusion. Zhang et al5 reported that pa-
tients had safely and successfully undergone other self-ex-
panding stent treatments, but not with the Enterprise stent, in
vessel diameters of �2.5 mm with positive outcomes. All of
them attempted to deploy the stent and reported cases of stent
deployment in the distal anterior circulation or basilar ar-
tery�PCA with relatively larger diameters than that of the
PICA.

In our cases, the EVTs with the stent were challenging in
the PICA with a smaller caliber, and the midterm (6 –12
months) follow-up angiography revealed that flow of the
PICA was patent without stenosis or occlusion. Moreover,
the caliber of the PICA increased, and the angle of vertebral

Fig 2. A and B, The lateral image of right vertebral artery angiography (A) and the 3D reconstruction image (B). C, The PICA was obstructed after the deployment of the Wingspan. D,
The Enterprise stent was placed through the proximal vertebral artery to the PICA. E, The 6-month follow-up angiography shows good patency of the vertebral artery and the PICA. F, 3D
reconstruction image shows good PICA patency. G, Illustration of the vertebral artery-to-PICA stent placement.
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artery�PICA junction became larger after the procedure in
most of our cases, and the morphologic changes of vessels
made the PICA flow better.7 The promising results of this
study make stent placement in smaller cerebral arteries worthy
of being addressed in more patients who cannot avoid stent
placement. Long-term follow-up should be performed for es-
timating the patency of the PICA and verifying that the stents
are not in other places and the lesion did not relapse.

Conclusions
In this small group of patients with the vertebral artery�PICA
lesions involving the PICA origin, the vertebral artery-to-
PICA stent placement appears to be a viable treatment option
for preserving PICA patency in select patients. Further fol-
low-up and more cases are necessary to determine the full
effectiveness of our encouraging results.
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