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Clinical and Angiographic Outcomes of Endovascular
Treatment for Acute Intracranial Vertebral Artery Dissecting
Aneurysms Using Double-Overlapping Stents : Low-Profile
Visualized Intraluminal Support within Enterprise Stents

Ja Ho Koo, Eui Hyun Hwang, Ji Hye Song, Yong Cheol Lim
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Objective : The use of reconstructive treatment with a double-overlapping stents has proven to be effective and safe in the
current treatment of intracranial vertebral artery dissecting aneurysms (VADAs). We employed a combination of overlapping stents,
using low-profile visualized intraluminal support (LVIS) within the Enterprise stent. This combination was chosen to minimize the
outward bulging of the inner LVIS by overlapping it with the Enterprise stent while maintaining flow diversion and stability. This
study aimed to evaluate the clinical and angiographic outcomes following the use of double-overlapping stents with LVIS within
the Enterprise stent for the treatment of VADASs.

Methods : From March 2016 to January 2022, total 28 patients with unruptured VADAs were treated with the double-overlapping
stent technique using LVIS within an Enterprise stent in our institute. The Enterprise stent was deployed first, followed by the LVIS
stent. Patient clinical and angiographic characteristics, procedural complications, and follow-up outcomes were retrospectively
reviewed.

Results : All 28 patients (18 males and 10 females) were successfully treated with double-overlapping stent deployment. There
were no procedural complications or new neurological deficits in any patient. Of the 28 patients, four VADAs had posterior
inferior cerebellar artery involvement. Procedure-related parent artery occlusion did not occur during the angiographic follow-up
conducted 6 to 12 months after the procedure. Out of 28 patients, 24 showed complete healing, three had focal residual stenosis or
dilatation with residual sac and only one had a residual dissecting flap with aneurysm. All patients, including the four patients, did
not require any additional procedures. The postoperative modified Rankin scale scores were 0-1 for all patients.

Conclusion : A double-overlapping stent, with a flow-diversion effect, is a safe and effective treatment for patients with VADAs. In
particular, when using the LVIS stent within an Enterprise stent, it minimizes the bulging of the inner LVIS stent while maintaining
flow diversion and stability. Therefore, both can be effectively utilized as overlapping stents.
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INTRODUCTION

Intracranial vertebral artery dissecting aneurysms (VADAS)
are rare vascular diseases that can lead to subarachnoid hem-
orrhage (SAH) or acute ischemic stroke. The incidence of
VADASs is unknown, but it is reported to be the most common
cervical artery dissection in East Asia"”. In most series, the
vertebral artery (VA) (intradural segment) is the most com-
mon site of intracranial artery dissection. VADAs can lead to
devastating events that can cause serious neurological deficits
in individuals. They can occur in people of all ages and are
known to be a major cause of strokes and SAH, especially in
young and middle-aged people™”. To prevent thromboembolic
complications in symptomatic, unruptured VADA patients,
primary conservative treatment is typically initiated, which
primarily involves anticoagulation or antiplatelet therapy.

Nevertheless, when there is no response to the initial medi-
cation therapy and recurrent ischemia occurs, and when there
are progressive vascular morphological changes observed on
repeated radiologic imaging, or when the extent and size of
the dissecting aneurysm result in mass effect leading to the
onset or exacerbation of neurological symptoms, additional
treatment strategies need to be considered. Reconstructive
treatment, which preserves the parent artery flow, has recently
been performed as a major treatment for unruptured VADAs
and has been proven to be effective in previous studies">>*"*”,
Traditionally, VADA patients are treated with reconstructive
therapy using single stent-assisted coil (SAC) embolization,
overlapping SAC embolization, patent artery occlusion, over-
lapping stent implantation, and flow diverter (FD) implanta-
tion"”. SAC embolization is technically difficult in the case of
posterior inferior cerebellar artery (PICA) involvement, fusi-
form and circumferential dilatation among some VADAs, so
stent only deployment can be an alternative treatment option.
In particular, many treatments have recently been conducted
to increase the flow diversion effect by overlapping stent, and
the effect has been proved. We employed a combination of
overlapping stents, using low-profile visualized intraluminal
support (LVIS) within the Enterprise stent. This combination
was chosen to minimize the outward bulging of the inner
LVIS by overlapping it with the Enterprise stent while main-
taining flow diversion and stability.

This study aimed to evaluate the clinical and angiographic

outcomes of the use of a double-overlapping stent technique
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with an LVIS within an Enterprise stent for the treatment of
VADAs.

MATERIALS AND METHODS

Patient population and treatment indications

This study was performed in accordance with the Declara-
tion of Helsinki and its amendments. The study was approved
by the Institutional Review Board (IRB) of Ajou University
Hospital (ethics approval number : IRB-DB-2022-517). The
requirement for patient consent was waived owing to the ret-
rospective nature of the study.

The treatment indication for VADASs is when the first patient
presents with neurological symptoms. If symptoms are present
but mild, and the dissection is not extensive, with satisfactory
flow through the contralateral dominant VA, medical therapy
may be considered as a priority. Treatment may be considered,
especially in cases where patients have acute ischemia, and
there is a high likelihood of recurrent ischemic events. Second-
ly, intervention treatment should be initiated if there is evidence
of progression in the dissection lesion on serial computed to-
mography (CT) angiography follow-up images or if there is a
worsening pattern observed in neurological symptoms. In ad-
dition, for patients who find it challenging to take antiplatelet
agents over an extended period and experience persistent
symptoms, early initiation of treatment could be considered.
This approach may involve maintaining antiplatelet therapy
initially and considering discontinuation later on.

Our study was conducted retrospectively on a patient co-
hort admitted to our institution from March 2016 to January
2022. All patients included in the study cohort underwent
double-overlapping stent deployment using LVIS within an

Enterprise stent.

Clinical patient assessment and angiographic
follow-up

A total of 43 patients, who underwent overlapping stent
placement for VADASs, were enrolled. Five patients, who did
not undergo follow-up imaging or had a follow-up period of
less than 6 months, were excluded. Of the remaining 38 pa-
tients, 28 were treated with double-overlapping stents, using
the LVIS stent deployed within an Enterprise stent. We ex-

cluded the remaining 10 patients from this study because of



using different types of overlapping stents (seven patients for
Enterprise; Cordis Neurovascular, Miami Lakes, FL, USA)
within Enterprise stent and two patients for Solitaire AB stent
(ev3 Neurovascular, Irvine, CA, USA) within enterprise and
one patient for LVIS (MicroVention, Tustin, CA, USA) within
LVIS stent). All patients who underwent overlapping stent
placement had unruptured VADAs. The demographic and
clinical characteristics of the patients are shown in Table 1. All
patients underwent digital subtraction angiography (DSA)
and rotational angiography with three-dimensional recon-
struction to identify the lesion and parent artery anatomy.
The sizes, shapes, and locations of the VADAs were assessed,
as well as major arterial branches and collaterals. Further-
more, the extent of dissection of the VA and involvement of
the PICA were also examined. Along with the patient’s clinical
presentation, a pearl and string sign or fusiform dilation and
string sign (isolated irregular navigation) observed on DSA
was considered indicative of PICA involvement in VADAs. In
addition, high-resolution magnetic resonance imaging (MRI)
was performed on all patients, and all T1-enhanced imaging
findings were comprehensively checked for reflecting vessel
wall enhancement and the double lumen sign, which are char-
acteristic findings of VADA.

Follow-up DSA was performed between 6 and 12 months af-
ter stenting, and clinical follow-up was performed once every 6
months after the procedure in all patients. After DSA, follow-
up was conducted using CT angiography. Radiologic outcomes

were evaluated using the modified Raymond grade, which in-

Table 1. Demographic and clinical characteristics of 28 patients

Variable Value
Age (years) 51.1+8.2 (40-66)
Sex
Male 18(64.3)
Female 10(35.7)
Follow up duration (months) 29.1+17.3
Symptoms
Headache 21(75.0)
Gait disturbance 2(71)
Dizziness 2(71)
Facial palsy, paresthesia 1(3.6)
Tremor 1(3.6)
Syncope 1(3.6)

Values are presented as meanzstandard deviation (range) or number (%)
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cludes grade 1; complete occlusion, grade 2; residual neck, and
grade 3; residual aneurysm. Clinical outcomes were assessed
using the modified Rankin score (mRS) based on the last clini-
cal follow-up date. Post-procedural complications were assessed

for immediate and delayed occurrences (>1 month).

Antiplatelets and anticoagulation protocol

Before the procedure, all 28 patients were administered
orally dual antiplatelet drugs (100 mg/day aspirin; 75 mg/day,
clopidogrel) with premedication for a week, followed by stent
procedures. Anticoagulation was started during the procedure
to prevent in-stent thrombosis of 1000 or 2000 units heparin
via intravenous injection as a bolus. After the procedure, hep-
arin fluid was used in the intensive care unit for 24 hours rou-
tinely to maintain activated partial thromboplastin time of 60
to 80 seconds. All patients underwent a platelet function test
before the double-overlapping stents procedure, and regard-
less of the results of the resistance test, they maintained the
initial dual antiplatelet therapy. The patients continued the
dual antiplatelet regimen for over 12 months, and if, based on
the physician’s judgment, the follow-up images indicated the
healing process and stable condition, they transitioned to and
maintained a protocol with aspirin monotherapy. There were

no bleeding or ischemic events during the follow-up period.

Stent procedure

Stent deployment procedure was performed under general
anesthesia for all patients. A 6 F sheath was inserted to the right
femoral artery for the puncture site and a 6 F guiding catheter
(Envoy; Cordis, Miami Lakes, FL, USA or Fubuki; Asahi Intecc
Co Ltd., Aichi, Japan) was placed at C2 level portion of the ipsi-
lateral VA. A microcatheter (Prowler Select Plus; Cordis Neuro-
vascular) with an inner diameter of 0.021 inches was navigated
gently across the dissecting aneurysm sac to a distal of the VA
with using a 0.014 inches microwire (Traxcess; MicroVention or
Agility; Cordis). And then microwire was removed and the first
Enterprise stent was gently deployed from the proximal VA to
the distal branch of the parent artery covering the entire VA
dissecting aneurysm sac. The stent size was determined accord-
ing to the operator’s judgment based on the diameter of the
parent vessels and the length of the lesion. And then, the micro-
catheter was again advanced through the stent deployed lesion
to overlay the second LVIS stent for modify blood flow diver-
sion from the VADA. The second LVIS stent was deployed with
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a focus on maximizing overlap with the first stent, placing the
dissection aneurysm sac at its center. After the stent deploy-
ment, we conducted a follow-up angiography to evaluate the
parent and branch vessel integrity and ensure the stagnation of
flow within the target lesion. Following this, the microwire and
microcatheter was removed, and we achieved hemostasis at the

puncture site with a closure device.

RESULTS

As shown in Table 1, the mean age of the 28 patients diag-
nosed with VADAs was 51.11£8.18 years; 18 patients (64.3%)
were male and 10 (35.7%) were female. The mean follow-up
period was 29.11+17.32 months. The most common symptoms
were headache (75.0%), followed by facial palsy (3.6%), gait
disturbance (7.1%), dizziness (7.1%), and tremors (3.6%). Fur-
ther, 53.6% of patients had a history of hypertension, and
21.4% of patients had a history of dyslipidemia. No patient
had a family history of diabetes mellitus, and of the 28 pa-
tients, eight (28.6%) had a history of smoking.

As shown in Table 2, all patients had unruptured VADAs
located in the V4 (intracranial) segment of the VA. The mean
aneurysm size was 4.99%1.28 mm in diameter and 10.60+3.35
mm in length. Four patients (14.3%) had PICA involvement.
Double-overlapping stents were successfully deployed in all 28
patients, and the patency of the VA on follow-up imaging was
maintained and no VA occlusion was observed. There were no
cases of procedural complications, such as in-stent thrombo-
sis, obstruction, or dissection rupture, and all outcomes were

confirmed to have an mRS of 0—1 upon outpatient follow-up.

After a follow-up DSA examination conducted 6 to 12 months
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later, Raymond grade was assessed in 28 patients, with 24 of
them resulting grade 1 (completely healed), three patients with
grade 2 (residual neck with focal stenosis or dilatation), and
the remaining one patient with grade 3 (residual sac with dis-
secting flap). The patient with grade 3 has been managed con-
servatively, continuing dual antiplatelet therapy and is cur-
rently under outpatient observation without any reported
symptoms or additional treatment. In addition, none of the

VADASs ruptured during the follow-up period.

Case study (No. 5)

A 53-year-old patient with a history of hypertension and
benign prostatic hyperplasia presented to the emergency room
three days after the sudden onset of severe headache, dizzi-
ness, and gait disturbance. An MRI examination revealed in-
tramural hematoma indicative of VA dissection and a wall en-
hancing lesion (Fig. 1A and B). CT angiography showed
tusiform dilatation below the right distal VA and the origin of
the PICA (Fig. 1C). Based on the imaging findings and clinical
symptoms, the patient was diagnosed with acute VA dissec-
tion. Subsequent DSA confirmed the angioarchitecture of the
dissection (Fig. 1D). The patient was admitted to the general
ward and started on dual antiplatelet therapy. One week later,
they underwent a general induction procedure and received a
double-overlapping stent. Follow-up DSA examination 11
months later showed normalization of the previously stenotic
and dilated lesion due to dissection (Fig. 2). The patient re-
mained free of specific symptoms and was assessed with a

mRS score of 0 at the last follow-up.

|-

Fig. 1. High-resolution T2 MRI (A) and T1-enhanced MRI (B) images show the right unruptured vertebral artery dissecting aneurysm. Red arrow indicated intramural
hematoma and wall-enhancing lesions. (C) Three-dimentional (3D) computed tomography angiography and (D) 3D rotational digital subtraction angiography images
provide detailed views of vertebral dissecting aneurysm. MRI : magnetic resonance imaging.
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Fig. 2. A : Right vertebral artery angiogram displaying the unruptured vertebral artery dissecting aneurysm (VADA). The VADA is located at the proximal site of the
origin of the posterior inferior cerebellar artery with fusiform dilatation and stenosis. B : The VADA was successfully treated with deployment of one Enterprise
(indicated by the black arrowheads) and one low-profile visualized intraluminal support stent (indicated by the white arrowheads) in a double-overlapping stent
technique. C : Eleven-month follow-up angiogram revealed normalization and improved lesion stenosis after deployment of double-overlapping stent

(indicate by the white and black arrowheads).

DISCUSSION

In this study, our objective was to assess the clinical and an-
giographic outcomes of double-overlapping stents, specifically
employing LVIS within Enterprise stents, for the management
of VADAs. For patients with VADAs who do not respond to
conservative treatment and those experiencing persistent
symptoms or showing progressive patterns on follow-up imag-
ing, a more aggressive approach through endovascular treat-
ment is necessary to reduce the risk of stroke and intracranial
hemorrhage. Prior to the development of endovascular devices,
VADA treatment was often performed through surgical recon-
structive therapy or internal trapping, clipping or bypass of the
VA. However, the use of destructive techniques can lead to high
complication rates, involving brain stem infarction, hydro-
cephalus, brain swelling, and intracerebral hemorrhage, espe-
cially if the PICA is involved. In 1998, Lylyk et al.”” and Sekhon
et al.”? first proposed SAC as a treatment for ruptured VAs.
SAC is a method used for treating injured blood vessels through
the diversion of blood flow using stents while accelerating an-
eurysm occlusion by packing coils into VADAs. SAC, due to its
lower risk of complications, has become an alternative to exist-
ing destructive techniques. A meta-analysis revealed that there
was no significant difference about mortality and morbidity
between destructive therapy, the double-overlapping stents
method, and SAC embolization'”. However, in the case of SAC,

instability may occur while placing the coil into the aneurysm
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sac, and there is a risk that PICA occlusion may occur if the
PICA is the origin of the aneurysm™.

As an alternative, treatment that only employs stents for de-
ployment to damaged VADAs has emerged. Stent-only place-
ment stabilizes the dissection-induced intimal flap and main-
tains blood flow in the injured blood vessel without clogging. It
also promotes thrombosis by effecting a change in the blood
tlow to the VA, resulting in inflammation, which diverts blood
flow away from the aneurysm sac. It also maintains the flow of
the PICA branch, facilitating the patency of the VA. Previous
reports on the treatment of VADAs have shown that single stent
placement was insufficient for aneurysm occlusion, and dou-
ble-overlapping stents placement achieved better results with
respect to blood flow conversion and aneurysm occlusion™?”,
This study is significant as we were able to demonstrate that re-
constructive therapy using overlapping stents has proven stabil-
ity and effectiveness compared with other VADA treatments.

Because porosity, cell architecture, and the type of stent vary
depending on manufacturers, it is important to establish a
strategy for selecting the type of stent for use in the double-
overlapping stent technique. LVIS with Enterprise stent deploy-
ment is a combination that appropriately utilizes the advantages
of the structural characteristics of stents, as previously revealed
in previous studies*”. The Enterprise (Codman Neurovascu-
lar) is laser-cut from Nitinol hypotubes and is a self-expanding
closed-cell design microstent. Enterprise stents tend to be limit-

ed by outbound bulging and luminal curve flattening. The VA
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is generally linear compared to other intracranial arteries;
therefore, it is less likely to cause problems with stent ovaliza-
tion or kinking, making the Enterprise suitable for use as a
stent that provides scaffolding for the unconstrained segments
(aneurysm neck) of VADAs. LVIS stents have advantages over
other stents in terms of porosity and pore density; thus, they are
excellent in terms of the flow diversion effect by reducing wall
shear stress and velocity’”. However, the outward expansion of
both ends of the aneurysm neck causes uneven metal coverage
distribution. These problems can be overcome by minimizing
outward expansion by deploying Enterprise stents.

The treatment outcomes for the total of ten cases that were
excluded from the patient group were generally favorable.
Among the ten cases, there were no procedural complications
such as rupture or in-stent thrombosis. Specifically, upon de-
tailed examination of follow-up angiography for the seven
cases treated with the Enterprise within enterprise double-
overlapping stent, results revealed Raymond grade 1 in three
cases, grade 2 in three cases, and grade 3 in one case. Clinical-
ly, the follow-up mRS score was 2 for two individuals, while
the remaining patients all demonstrated an mRS score of 1.
Many patients primarily reported intermittent complaints of
headache and dizziness following the procedure.

Among the two cases treated with Solitaire AB within En-
terprise, one case showed Raymond grade 3 due to partial dis-
section resulting in blood flow stagnation, while the other pa-
tient had a favorable outcome with grade 1. For the individual
treated with LVIS within LVIS double stent, follow-up DSA
results indicated a favorable outcome with Raymond grade 1
and an mRS score of 1.

Table 3 shows a comprehensive literature review related to the
overlapping stent-only technique for artery dissecting aneu-
rysms. As shown in Table 3, there were differences in the selec-
tion of overlapping stent type. Kim et al.””, Lv et al.””, and Cho
et al.” used the Enterprise with Enterprise stent for double-
overlapping stents. We have chosen the combination of LVIS
within the Enterprise stent as our optimal treatment strategy
because a previous study has indicated that the combination of
two Enterprise stents in a double-overlapping stent configura-
tion has a drawback with a metal coverage rate of approximate-
ly 13%. This results in a reduced flow diversion effect compared
to other combinations”. However, although not included in
this study, we treated eight patients with a double-overlapping

stent using a combination of two Enterprise stents during the
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study period. We believe that in cases where the fusiform dila-
tation due to dissection is not severe and there is not significant
outbulging caused by dissection, this combination can still
achieve a therapeutic effect through endothelialization. In the
case of a double-overlapping stent combination using two LVIS
stents, the metal coverage rate is approximately 36%, which is
similar to that of single pipeline devices (PED; ev3/Covidien,
Irvine, CA, USA). When considering the flow diversion effect
alone, this combination can be a viable option'”. However, as
previously demonstrated in previous study and through our
own experience, using two LVIS stents can lead to stent migra-
tion when passing the microcatheter to deploy the second stent,
and they may not overlap in the desired position. Furthermore,
the elevated metal coverage rate increases the risk of ischemic
complications'”.

It is challenging to definitively assert the superiority of LVIS
within Enterprise when considering the outcomes of different
stent combinations. From the operator’s perspective, subjec-
tively, deploying the LVIS double stent in the desired location
proved challenging. In cases using the Enterprise within enter-
prise double-overlapping stent, the stiffness of the Enterprise
stent limited its application to scenarios with less pronounced
curvature of the blood vessel. If more cases are accumulated in
the future, objective comparisons may become feasible. In con-
clusion, we believe that the double-overlapping stent with LVIS
within the Enterprise stent is the optimal combination.

Recently, treatment using FDs has been approved for VADAs
and has been widely performed. According to previous studies,
treatment using overlapping stents is advantageous compared
to FDs in terms of being able to produce a flow-diversion effect
similar to FD and reducing the cost of the procedure™. In addi-
tion, FDs are characterized by reduced radial force; thus, they
are not suitable if there is a narrowed vessel adjacent (pearl and
string pattern) to VADAs. This suggests that overlapping stents
may be more effective than FD”. While this limitation has re-
cently been addressed, there are still many cases in which clini-
cians may not be familiar with the use of a FD for treatment,
and there is a possibility of technical failure due to challenges in
determining the appropriate size and length'”. Considering
these aspects, overlapping stents as a treatment for VADAs are
considered sufficient. Double-stent placement without coiling
may be considered less suitable than SAC for the immediate
obliteration of VADAs, as a healing period for the injured VA

needs to be considered. However, previous studies have re-



vealed that if it is difficult to pack the coil in a fragile aneurysm
sac, a favorable outcome can still be obtained with three or
more multiple stents™.

Our study had several limitations. This was a single-center
retrospective study, a short follow-up period of 6 to 12 months
and the comparative analysis was conducted using a small
group of patients. All patients who underwent stent placement
had unruptured VADAs. If the treatment results and progno-
sis-related factors were analyzed together in the cases of over-
lapping stents in patients with ruptured VADAs, we could
compare those with the parent artery occlusion, patients’ clin-
ical outcomes, and procedural complications. In the future, it
is necessary to conduct studies on the outcomes of endovas-
cular treatment strategies through a large-scale multicenter

prospective study.

CONCLUSION

A double-overlapping stent, with a flow-diversion effect, is a
safe and effective treatment for patients with VADAs. In par-
ticular, when using the LVIS stent within an Enterprise stent,
it minimizes the bulging of the inner LVIS stent while main-
taining flow diversion and stability. Therefore, both can be ef-

fectively utilized as overlapping stents.
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