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A B S T R A C T

Background: Symptomatic vertebral artery dissecting aneurysm (VADA) is a challenging disease with controversy
on treatment strategy due to anatomic configuration and their nature. Moreover, the outcomes of reconstructive
treatment have not been well established.
Objective: To evaluate the safety and efficacy of reconstructive endovascular treatment (EVT) for symptomatic
VADAs with Willis covered stent.
Methods: We evaluated retrospectively 13 patients with symptomatic VADAs who treated with Willis covered
stent, compared with stent-assisted coiling (SAC) on the characteristics, posttreatment course, angiographic and
clinical follow-up outcomes at an average of 14.4 months (range, 3–48 months).
Results: A total of 33 patients with symptomatic VADAs were reviewed, 23 of these patients with ruptured VADAs.
The technical successful rate is 100% respectively in Willis covered stent (Group A) and SAC (Group B, n ¼ 20).
The initial complete occlusion rate was significant higher in group A (100%) than group B (30%) (p < 0.01).
Major procedure-related complications were not significant different in the two groups. Serial follow-up angio-
grams revealed 5 recurrent VADAs in group B and no recurrence in group A (p > 0.05). No obvious in-stent
stenosis and no re-hemorrhage and delayed ischemic symptoms during the follow-up period. The final angio-
grams of all survived patients demonstrated the complete occlusion rate was higher in group A (100%) than group
B (80%), but no significant statistical difference (p > 0.05). Clinical outcomes were favorable in 31 (93.9%),
severe disability occurred in one in group B, and only one death in group A. The final clinical outcomes were also
not significant difference in the two groups (p > 0.05).
Conclusions: Our initial result demonstrated reconstructive EVT with Willis covered stent provides a viable
approach for selected symptomatic VADAs involving the intracranial and extracranial segments, which is similar
to favorable results with SAC. However, an expanded clinical experiences and larger cohort studies are needed.
Introduction

Vertebral artery dissecting aneurysm (VADA) has been recognized as
a leading cause of subarachnoid hemorrhage (SAH) and ischemic stroke
of the posterior circulation, but there are no clear guidelines to demon-
strate the real natural history in the literature.1,2 To date, various
endovascular treatment (EVT) options have emerged as the treatment of
choice due to perceived lower rates of treatment related morbidity as
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well as their efficacy, including reconstructive techniques and decon-
structive techniques.3–7 Compared with deconstructive techniques,
reconstructive techniques were shown to be better in maintaining the
vertebral artery or major branches (posterior inferior cerebellar artery,
PICA; anterior spinal artery, ASA; posterior spinal artery, PSA). However,
the rates of long-term occlusion, recurrence, and perioperative mortality
are not different between deconstructive and reconstructive techniques
in EVT of VADAs based on the recent meta-analysis.7 In addition,
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aneurysm recanalization remains a major shortcoming of reconstructive
treatment, as well as deconstructive techniques leading to ischemic
infarction and aneurysm formation of contralateral VA. With the rapid
development of material and techniques, many clinical practices have
proved the safe and effective of multiple stents reconstructive treatment
with or without coil for VADAs.8,9 Endovascular covered stent and flow
diverter device (FDD), with the ability to reconstruct the parent artery,
has been suggested as an important addition to the EVT for VADAs.10,11

Willis covered stent (MicroPort, Shanghai, China) has become available
for intracranial ICA pseudoaneurysms, aneurysms, recurrent aneurysms,
and traumatic carotid cavernous fistulas.12,13 In the retrospective study,
we present initial experience in 13 patients with 13 VADAs who have
undergone EVT with Willis covered stent, compared with stent-assisted
coiling (SAC) for 20 VADAs.

Materials and methods

Patients and study design

Between January 2010 and December 2017, 13 symptomatic VADAs
in 13 patients were treated with Willis covered stent, and compared with
SAC for symptomatic VADAs in the same period. We adopted EVT as the
first-line treatment for intracranial aneurysms in our hospital since
1998.15 The study was designed and approved by our institutional review
boards, and all patients gave their written informed consent to partici-
pate in the study.

All subjects met the following inclusion criteria: (1) acute clinical
symptoms and signs relevant to VBDA such as SAHwhich was in grade I~
grade III according to Hunt-Hess grading system, and recurrent ischemic
stroke which antiplatelet or anticoagulant therapy is invalid; (2) definite
VADA revealed by digital subtraction angiography (DSA), and described
as irregular wall or string and pearl with pseudoaneurysm or fusiform
aneurysm, and not involving the basilar artery; (3) the patient was
willing to be followed up in accordance with the study protocol. Patient
exclusion criteria were as follows: (1) clinical presentation was not
related to VADA, or antiplatelet therapy is valid to VADA; (2) associated
with traumatic VBDA, or iatrogenic VBDA, or other systemic diseases; (3)
an extremely tortuous vessel proximal to the parent artery and/or lack of
appropriate accessible routes, thereby rendering the patient unsuitable
for EVT; (4) inability of the patient to undergo general anesthesia or EVT.
Whether endovascular EVT with Willis covered stent or SAC is deter-
mined by two experienced interventional neuroradiologists, based on
patient status, location of the VADA, composition of the related vessels,
and collateral circulation, as well as choose of patients or family mem-
bers. In the event of unsuccessful placement of a Willis covered stent,
alternative treatment options included SAC and internal coil trapping.

Willis covered stent placement

Willis covered stent placement and peri-procedure management have
been described in detail previously.12,13 Briefly, the stent consists of three
parts: a bare stent, expandable polytetrafluoroethylene (ePTFE) mem-
brane, and balloon catheter. The stent has been approved by China’s
Food and Drug Administration since 2013, which has been subject to
improvement of the stent and the accumulation of more clinical data.

SAC treatment

Generally, endovascular SAC reconstruction used stent jailing tech-
nique and semi-jailing technique and a stent-within-a stent technique. A
Neuroform3 stent was usually implanted as the first stent following by a
Solitaire stent or Enterprise stent, and endovascular coiling had been
placed inside the aneurysm sac before the stent deployment. Details of
SAC treatment procedure were described previously.8,9,14 In the study,
two types of microcatheters were used: Echelon 10 (EV3, Irvine, CA,
USA) and Excelsior SL-10 (Stryker Neurovascular, Fremont, CA, USA).
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Three types of coils were used: GDC (Stryker Neurovascular, Fremont,
CA, USA), Helicoil, Microplex and Hydrocoil (Microvention Inc., Aliso
Viejo, CA, USA), Nexus and Axium (EV3, Irvine, CA, USA) coils. Three
types of stents were used: Neuroform3 (Stryker Neurovascular, Fremont,
CA, USA), Solitaire AB (EV3, Irvine, CA, USA) stent, and Enterprise stent
(Codman, Raynham, MA, USA).

Follow-up protocol

Follow-up protocols included clinical and angiographic follow-ups
and head computed tomography angiography (CTA) and magnetic
resonance (MR). DSA follow-up was recommended every year thereafter,
and CTA follow-up would also be acceptable as far as the result of pre-
vious DSA follow-up was satisfactory. Follow-up studies were then con-
ducted at 1 month, 3 months, 6–12 months, and 12 months post-
procedure and annually thereafter. The initial and follow-up angio-
graphic results were interpreted independently by 2 authors. In the case
of disagreement, consensus was reached through discussion with the
senior doctor. Clinical follow-ups included observing changes in the
preliminary clinical presentation, and adverse events related to the de-
vice, procedure, or other diseases.

Postoperative outcome evaluation

Data on the technical success and the initial and final angiographic
results, mortality, morbidity, and final clinical outcome were collected
and estimated at the time of patient death, or at the end of follow-up.
Initial aneurysm occlusion degree for B group was generally classified
by Raymond scale15 as complete occlusion (class 1), and residual neck
(class 2) and residual aneurysm (class 3). Corresponding to the aneurysm
occlusion degree for A group was classified as complete occlusion of
VADAwithout any endoleak (class 1), and incomplete occlusion of VADA
with an endoleak (class 2) and residual aneurysm because covered stent
did not completely cover VADA (class 3). Follow-up angiographic results
of EVT were classified as stable occlusion, progressive occlusion, recur-
rence including coil compression and regrowth, and stenosis or occlusion
of VA.12,14 However, when incomplete occlusion or recurrence was
confirmed, the second EVT was recommended within 1–3 months. For
clinical outcomes, the occurrence of postoperative ischemic events
(stroke or TIA), rehemorrhage, vasospasm, and death were recorded.
Outcome data were classified into good (0–2) and disabled (3–5), ac-
cording to the Modified Rankin scale (mRS).16 The patients were clini-
cally assessed before and after EVT and followed up every 3–6 months
after discharge from the hospital. Each patient’s clinical status at the last
clinical follow-up was defined as the final outcomes. Patients who were
not followed at our institution were interviewed by telephone.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM, Chicago, IL,
USA). Continuous variables are presented as mean with standard error of
the mean. Comparisons between groups were performed using the t-test
for continuous parameters and the chi-square test or Fisher’s exact test
for categorical parameters. A p value < 0.05 was considered significant
different.

Results

A total of 39 patients with symptomatic VADAs were enrolled for
participation in the period. Willis covered stent was implanted in 13
DAVAs (Group A), and SAC in 20 DAVAs (Group B) were included in the
study. Other 6 DAVAs were excluded because 3 DAVAs treated with SAC
lost contact, and others were treated by internal coiling trapping related
to conditions of these patients suddenly became worse such as rehe-
morrhage before EVT. There are 23 patients with ruptured VADAs. All
ruptured VADAs were treated within the first day of onset but 2 VADAs in



Table 2
Compared with Willis covered stent and SAC.

Characteristics Willis covered stent (A
group, n ¼ 13)

SAC (B group, n
¼ 20)

P
value

Age 51.15 � 11.80(33–70) 57.45 �
12.46(36–80)

0.157

Sex,male 10 (76.9%) 9 (45%) 0.070
Onset 0.963
SAH 9 14
Ischemic stroke 4 6
Location 0.552
V4 10 18
V3 1 1
V2 2 1
No. of stent 0.074
1 12 13
2 1 7
Immediate Raymond
occlusion

<0.01

Class 1 13 6
Class 2 0 11
Class 3 0 3
Angiographic follow-
up time (Mons)

15.23 � 14.01 (6–48) 12.45 � 10.76
(3–48)

0.524

Recurrence 0 5 0.052
Complication 0.368
Spasm 6 2
Thrombosis event 2 2
Final mRS results 0.751
Not disabled (0–2) 12 19
Disabled (3–6) 1 1
Final Raymond
occlusion

0.148

Class 1 12 16
Class 2 0 3
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group A, who were treated with covered stent as the secondary treatment
for residual filling of VADAs transferred from other hospitals within 4
weeks after SAH. All patients did not implement BOT test of the diseased
VA before EVT in the study. In group A, concomitant lesions were found
in two patients, and one with untreated aneurysm of the ipsilateral V3
segment, and another with multiple ruptured aneurysms of contralateral
MCA treated with SAC. In group B, concomitant lesions were found in 4
patients, and two patients have a contralateral DAVA treated with only
double stents placement, and one has a dissecting aneurysm of ipsilateral
ICA with SAC, and another with a ruptured saccular aneurysm in the C7
segment of ipsilateral ICA only with coiling.

Baseline patient characteristics

For group A, patient demographics and VADAs characteristics are
provided in Tables 1 and 2. These patients included 10men and 3 women
with an average of 51.15 � 11.80 years (range: 33–70 years). 3 VADAs
with recurrent ischemic stroke (Fig. 1) and 9 ruptured VADAs (Fig. 2),
and one unruptured VADA associated with a ruptured aneurysm. The
location as follows: 10 in the V4 segment (distal to PICA in 2 VADA, and
proximal to PICA in 6 VADAs and no PICA in 2 VADAs), and 1 in the V3
segment, and 2 in the V2 segment. For group B, patient demographics
and VADAs characteristics are provided in Table 2. The patients included
9 men and 11 women with an average of 57.45 � 12.46 years (range:
36–80 years). 6 VADAs with recurrent ischemic stroke and 14 ruptured
VADAs. The location as follows: 18 in the V4 segment (distal to PICA in 8
case, and proximal to PICA in 6 cases, and involve PICA in 4 cases), and 1
in the V3 segment, and 1 in the V2 segment. No significant difference was
observed between these characteristics of these VADAs of the two groups
(p > 0.05).

Primary procedural results

The technical successful rate is 100% in group A, as well as in group B.
The comparison between the two groups was shown in Table 2. The
initial angiographic results demonstrated the complete occlusion rate is
100% in group A, which is much higher than that of group B (30%). In
Table 1
Demographics, procedural characteristics, and follow-up outcomes of VADAs with en

Patient No/
Sex/Age,y

Onset Location Relationship
with PICA

VA
condition

Stent Size

1/M/38 SAH L-V4 Distal Dominant 3.5x10

2/F/55 Ischemic
stroke

R–V3 Proximal Non-
dominant

3.5x10

3/M/40 SAH R–V4 No PICA Dominant 4.0x13

4/M/53 SAH R–V4 Proximal Codominant 3.5x16

5/M/33 Ischemic
stroke

L-V4 Proximal Codominant 3.5x16,3.5

6/M/39 MCA
aneurysm
rupture

L-V2 Proximal Codominant 3.5x16

7/F/41 Ischemic
stroke

L-V2 Proximal Codominant 3.5x10

8/M/65 SAH L-V4 Proximal Dominant 3.5x16

9/M/51 SAH L-V4 Proximal Dominant 3.5x16

10/F/72 SAH L-V4 No PICA Dominant 4.0x16

11/M/62 SAH L-V4 Distal Dominant 3.5x10

12/M/58 SAH L-V4 Proximal Codominant 3.5x13

13/M/59 SAH L-V4 Proximal Dominant 3.5x13
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group B, residual neck and residual aneurysmwere respectively achieved
in 10 and 4 VADAs at the end of the initial EVT. In group A, all 13 VADAs
were treated with single Willis covered stent but for one VADA, which
there is a long diseased segment of VA that requires 2 covered stents to be
dovascular Willis covered stent.

, mm Immediate
angiographic
result

Follow-up
time, mons

Complication Final
angiographic
result

Complete
occlusion

– Thrombosis event
and rehemorrhage

No

Complete
occlusion

24 Spasm Complete
occlusion

Complete
occlusion

38 Spasm Complete
occlusion

Complete
occlusion

18 No Complete
occlusion

x10 Complete
occlusion

6 Thrombosis event,
Spasm

Complete
occlusion

Complete
occlusion

16 No Complete
occlusion

Complete
occlusion

48 No Complete
occlusion

Complete
occlusion

6 Spasm Complete
occlusion

Complete
occlusion

6 Spasm Complete
occlusion

Complete
occlusion

6 Spasm Complete
occlusion

Complete
occlusion

12 No Complete
occlusion

Complete
occlusion

6 No Complete
occlusion

Complete
occlusion

12 No Complete
occlusion



Fig. 1. A 55-year-old female suffered with repeated dizziness in recent 5 years.
A, a nodominant right VA angiogram revealed a hemispherical dissecting
aneurysm in the V3 segment; B, under the roadmap, Willis covered stent (3.5 �
10mm) was implanted; C, immediate angiograms post EVT demonstrated the
complete occlusion of the VADA; D and E, CTA of the one month follow-up
demonstrated the stable occlusion of the VADA and patency of VA without
any stenosis; F, the 24 months follow-up angiograms demonstrated the complete
occlusion of the VADA without in-stent stenosis.

Fig. 2. A 65-year-old male suffered from SAH. A, a dominant left VA angiogram
revealed a spherical dissecting aneurysm on the V4 segment proximal to PICA
and the stenosis on the proximal to the aneurysm; B and C, under the roadmap,
Willis covered stent (3.5 � 16mm) was implanted; D, immediate angiograms
post EVT demonstrated the complete occlusion of the VADA; E, CTA of the 1
month follow-up demonstrated the stable occlusion of the VADA and patency of
VA without any stenosis; F, the 6 months follow-up angiograms demonstrated
the complete occlusion of the VADA and reconstruction of the diseased VA with
no in-stent stenosis.

Fig. 3. A 59-year-old male suffered from SAH. A, a dominant left VA angiogram
revealed an irregular dissecting aneurysm and the limited stenosis on the
proximal of left PICA; B, under the roadmap, the VADA was treated with a
Neuroform3 SAC using semi-jailing technique; C, a stent-within-a stent tech-
nique (SolitaireAB stent as the second stent) was used after SAC; D, immediate
angiograms post EVT demonstrated the near complete occlusion of the VADA; E
and F, the 6 months and 36 months follow-up angiograms demonstrated the
complete occlusion of the VADA with re-cast of the coil, and the reconstruction
of the diseased VA with no in-stent stenosis.
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treated using the telescopic technique. In group B, 13 VADAs were
treated by SAC with single stent and 7 by SAC with double stents (Fig. 3).
In addition, there are no significant difference for the initial occlusion
results between the single stent group and double stents group (p >

0.05).
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Procedural complications

Major complications occurred in 4 ruptured VADAs. In group A, one
patient experienced acute in-stent mural thrombosis immediately after
placement of a Willis covered stent within a Neuroform3 stent for VADA
on the left V4 segment, which was placed two weeks ago. The thrombosis
was speculated to be related to incomplete endothelization of the first
stent. Although this patient was managed with thrombolytic and anti-
platelet therapies, he suffered with repeated cerebral infarction and fetal
re-bleeding in the 12th day. In addition, another untreated aneurysm
located on the ipsilateral V3 segment. Another patient experienced a
transient neurological deficit due to severe spasm of VA related to second
covered stent placement, without permanent neurological deficits after
EVT. No new ischemic foci were found in the subsequent MR examina-
tion of this patient. There are also other 5 patients experienced spasm of
VA without any permanent neurological deficits. In group B, one patient
experienced a transient neurological deficit due to spasm of VA related to
second stent placement, without permanent neurological deficits after
EVT. Another patient suffered with permanent neurological deficit duo to
severe spasm of VA resulting from SAH, found in the subsequent MR
examination. In the remaining 29 patients (11 in group A and 18 in group
B), no morbidity or mortality occurred during or after EVT. Furthermore,
cranial CT immediately post-EVT and at discharge confirmed that the
procedures were uneventful, with no evidence of re-bleeding or
ischemia.
Follow-up angiographic results and clinical outcomes

Serial follow-up angiograms with the average of 14.4 months (range,
3–48 months) demonstrated no recurrence in group A and 5 recurrent
VADAs in group B, and no significant difference (p> 0.05). Moreover, all
recurrent VADAs were initially treated by SAC with single stent for
ruptured VADAs, 2 of these VADAs suffered with spasm of VA during
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initial EVT and 3 VADAs involved PICA. Coil compression resulted in 2 of
5 VADAs and aneurysmal sac regrowth in other 3 VADAs, which came
from initial incomplete occlusion of VADAs including residual neck in 2
VADAs and residual aneurysm in 3 VADAs. All recurrence occurred
within 6 months after EVT, and 4 of these occurred within 3 months.
These recurrent VADAs were retreated within the next 3 months. 2 of
these recurrent VADAs were retreated with SAC and other 3 recurrent
VADAs were retreated only with coiling (Fig. 4). Fortunately, complete
occlusion was achieved in all retreated VADAs without any complica-
tions. The final angiograms demonstrated complete occlusion in all sur-
vived 12 patients (100%) in group A and in 16 of 20 (80%) in group B,
and no significant difference in the two groups (p > 0.05).

According to the mRS, good outcomes achieved a total of 31 (93.9%)
in the two groups. The final clinical outcomes were not significant dif-
ference in the two groups (p > 0.05). No obvious in-stent stenosis and no
re-bleeding and delayed ischemic symptoms during the whole follow-up
period.

Discussion

Although VADA is a rare disease and the annual occurrence rate has
been stated to be 1–1.5/100,000 cases in the USA, and the biological
behavior of most VADAs might be favorable, ruptured VADA patients
usually show a high occurrence rate of rehemorrhage and disastrous
neurological results within several weeks, and the special pathological
and morphological features of VADAs make them challenging to treat
with traditional options.2,3,17 To date, the natural history of VADAs is
uncertain, with variable evolution and lacks a standard management
protocol. This nonrandomized retrospective study was designed to
compare the angiographic results and clinical outcomes of Willis covered
stent with SAC in selected patients with symptomatic VADAs to verify
that reconstructive endovascular with Willis covered stent is safe and
efficacy. To our knowledge, this is the largest series reporting the mid-
and long-term follow-up angiographic results of reconstructive endo-
vascular covered stent placement for symptomatic VADAs, compared
with SAC. Our results showed excellent initial and final complete oc-
clusion rates with no recurrence. We found no significant differences in
the clinical outcomes, overall mortality, morbidity between the two
groups, although there has been one death in group A. Willis covered
stent provides a viable approach for selected symptomatic VADAs
maintaining patency of the VA.
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Reconstructive SAC issues

Deconstructive internal coil trapping and reconstructive SAC or stent
placement have emerged as EVT of choice recommended for selected
VADAs treatment due to perceived lower rates of treatment-related
morbidity as well as their efficacy.3–9,17 Although deconstructive inter-
nal coil trapping was thought to be the most reliable EVT for ruptured
VADAs as the preferred treatment in which patients have sufficient
collateral circulation, it does also have some drawbacks such as resulting
into lateral medullary or cerebellar infarction, and the formation of new
aneurysm of contralateral VA, even rupture, and failed to prevent
recurrence and rehemorrhage of VADA. It is also applied to be the most
effective option combined with reconstructive stent placement for some
complex VADAs, which those patients lack sufficient collateral circula-
tion and with PICA-origin VBDAs and/or a dominant feeding pedicle to
the ASA in the dissected segment and non-hemorrhagic type acute
VADAs and some bilateral VADAs.4,7,9,18 In the late 1990s, Lylyk et al.19

and Sekhon et al.20 first reported the effectiveness of SAC for VADAs.
Since then, reconstructive SAC for VADAs has been increasingly reported
with very encouraging results. Moreover, reconstructive SAC can pre-
serve the parent vessel, which negates the need for revascularization
when angiography reveals inadequate collateral flow or when the
dissected segment involves these major branch vessels. Subsequently,
Kim et al.4 and Chung et al.18 respectively reported the efficacy of
reconstructive SAC for these special PICA-origin VBDAs. In a
meta-analysis comparing deconstructive with reconstructive EVT for
VADAs, endovascular reconstructive result was as effective as decon-
structive result with a lower periprocedural morbidity.6 Another study
comparing SAC with trapping showed similar long-term outcomes and
morbidity.5 Moreover, many reports have proved the complete occlusion
rates in long-term follow-up angiograms were superior in multiple stent
or SAC or stent placement alone for VADAs.3,5,8,9 Overlapping multiple
stents are similar to the flow diverter, may divert more blood flow from
the VADA sac by decreasing stent porosity, further straightening the
parent vessel and improving endothelial healing, and leading to more
favorable results.3,9,11,21

In the study, 20 VADAs were treated with SAC with single and double
stents as the control group. The results demonstrated that the initial
completed occlusion rate achieved in only 30% of VADAs, and major
complication leading to permanent neurological deficits in 5%, and
recurrent rate in 25% (all recurrent VADAs treated with single stent-
Fig. 4. A 48-year-old male suffered from SAH. A and
B, dominant left VA angiograms revealed an irregular
dissecting aneurysm involving the origin of left PICA,
and the stenosis proximal to the aneurysm; C, imme-
diate angiograms after SAC with single stent demon-
strated complete occlusion of the VADA and spasm of
VA; D, the 6 months follow-up angiograms demon-
strated recurrence of the VADA; E and F, the 24
months follow-up angiograms post the second EVT
with only coil embolization demonstrated the com-
plete occlusion of the VADA and patency of left PICA.
G and H, left ICA angiograms demonstrated concur-
rent dissecting aneurysm and complete occlusion after
SAC with double stents at the 24 months follow-up.



Y. Gu et al. Journal of Interventional Medicine 3 (2020) 184–191
assisted coiling), and stable occlusion rate in 45%, and progressive oc-
clusion rate in 30%, and the final completed occlusion rate in 80%, and a
favorable clinical outcome in 95%. According to several studies,1,6,8 the
initial completed occlusion rate achieved in 30–53%, and major
complication leading to permanent neurological deficits in 4–5%, and
recurrent rate in 8.8–16.9%, and the final completed occlusion rate in
78–90%, and a favorable clinical outcome in 82.5–92%. Our data could
be comparable with these relevant literatures but for the high recurrent
rate, which may be associated with more ruptured VADAs in the study.

Despite the lack of randomized clinical experiments, the initial
incomplete occlusion and the involvement of PICA and ruptured condi-
tion as the main reasons of recurrence after SAC were reported, as well as
most recurrent VADAs treated initially by SAC with single stent.1,3,8,22 In
the study, all 5 recurrent VADAs were from ruptured VADAs as the initial
treatment by SAC with single stent and failed to achieve the complete
occlusion, 3 of these VADAs involved PICA, and no recurrence by SAC
with double stents. Fortunately, all recurrent VADAs were not experience
rehemorrhage and other complications, and subsequent successful
retreatment with coil embolization or SAC, resulting into the complete
occlusion.
Table 3
Description of published studies documenting experience with endovascular covered

Reference No.
Patients

Onset Location VA condition

Chiaradio et al.
Neurosurgery,

200223

1 SAH R, V4, Distal
of PICA

Codominant

Islak et al.
AJNR, 200224

1 SAH L, V4*, Distal
of PICA

Dominant

Burbelko et al.
AJNR, 200425

1 SAH L, V4*, Distal
of PICA

Dominant

Felber et al.
Neurosurgery,

200426

2 SAH/No L, V4, Distal
of PICA/R,
V2

Dominant

Lv et al.
Interv

Neuroradiol,
200827

2 SAH V4 –

He et al.
J Neurosurg,

200911

6 SAH(5)/Chronic
Headache

L(4)/R(2),
V4, Distal of
PICA(2),
Proximal of
PICA(4)

–

Vulev et al.
Interv

Neuroradiol,
201228

1 Other aneurysm
rupture

L, V4,
Promixal of
PICA

Codominant

Yoon et al. J
Korean
Neurosurg,
201229

1 SAH L, V4,
Promixal of
PICA

Dominant

Ronchey et al.
J Cardiovasc

Surg, 201430

1 Symptomatic L, V2 Dominant

Inaraja P�erez
et al.

Ann Vasc Surg,
201531

1 Symptomatic R, V1 –

Xiang et al.
Interv
Neuroradiol,
201932

12 SAH(2)/
Symptomatic(8)/
Other(2)

L(8)R(4),V4 –

Current 13 SAH(9)/
Symptomatic(4)

L(7)/R(3),
V4(7), V3(1),
V2(2), Distal
of PICA(2),
Proximal of
PICA(8),
No(3)

Dominant(7),
Codominant(5),
Non-
dominant(1)

V4*: Vertebrobasilar junction; Viabahn stent-graft&: 6 � 25mm, Gore and Associat
chromium stent (designed for coronary Perforations).
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Covered stent issues

We reviewed the English literature describing covered stent treat-
ment for VADAs. Including our series, we analyzed VADAs in 42 patients
from 12 study series (Table 3).10,23–32 Currently, there are several
covered stents specially designed for the coronary arteries that have been
adapted for VADAs, such as the Jostent, which are off-label. Although
they lackmechanical flexibility and their delivery profiles are stiff, 88.2%
of VADAs have been treated successfully by non-Willis covered stents,
with the initial complete occlusion rate of VADAs achieved in 100%, and
no recurrence. All successful treated VADAs located respectively in the
V4 segment (n¼ 12, 5 in the distal and 6 in the proximal to PICA, and the
relationship with PICA is not clear in 1 DAVA), and the V2 segment (n ¼
2), and the V1 segment (n ¼ 1). These previous reports suggest that the
covered stent is a promising therapeutic alternative for EVT of VADAs by
reconstruction of the intracranial and extracranial VA arterial wall.
Recently, Xiang et al.32 reported 16 Willis covered stents were success-
fully implanted into the VA for 12 DAVAs. The technical success rate of
stenting placement was 100%. Angiographic follow-up (9.9 � 4.0
months) was performed in nine patients and demonstrated complete
stent of VADAs.

Endovascular
Stent

Initial
angiographic
result

Complication Follow-up
time, mons

Final
angiographic
result

Jostent Complete
occlusion

No No No

Coronary
stentþJostent

Near complete
occlusion

No 4 Complete
occlusion

Jostent Complete
occlusion

No 6 Complete
occlusion

Jostent Complete
occlusion

No/a
recurrent
aneurysm

48/60 Complete
occlusion

Jostent Complete
occlusion

Technical
failure in 1
case

6 Complete
occlusion

Jostent Complete
occlusion

Technical
failure in 1
case

6-14
(mean,10.4)

Complete
occlusion

Pericardium
Covered Stent

Complete
occlusion

No 3 Complete
occlusion

Jostent Complete
occlusion

No 2 Complete
occlusion

Viabahn stent-
graft&

Complete
occlusion

No 13 Complete
occlusion

Covered
stent#

Complete
occlusion

No No Complete
occlusion

Willis covered
stent

Complete
occlusion in
11 cases

No 4-15 (9.9 �
4.0)

Complete
occlusion in 9
cases

Willis covered
stent

Complete
occlusion

Permanent
complication
In 1 case

6-48
(mean,18.4)

Complete
occlusion in
12 cases

es; Covered stent#: a Biotronik PK Papyrus balloon expandable covered cobalt
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stabilization of the obliterated aneurysm, and clinical follow-up (20.1 �
9.6 months) demonstrated full recovery in 11 patients.

Willis covered stents (MicroPort, Shanghai, China) have become
available for intracranial ICA pseudoaneurysms, aneurysms, recurrent
aneurysms and traumatic carotid cavernous fistulas.12,13 The present
study is the largest series report both initial and mid-/long-term angio-
graphic follow-up results after reconstructive endovascular Willis
covered stent placement used for EVT of symptomatic VADAs. Our study
demonstrated that the technical success rate was excellent, as were the
immediate and mid-/long-term results. The rate of complete occlusion
with preservation of the VA was higher than that previously reported in
the literature although there is one case death. This may be due to good
longitudinal flexibility of Willis covered stent, and the physiological
curvature of the VA seem to be more suitable for Willis stent placement,
compared with that of the ICA. Compared with our previous reports
about Willis covered stent placement for ICA aneurysms,12,33 it seems to
be more suitable for VA aneurysms, based on the technical successful
rate, and initial complete occlusion rate, and no endoleak, and no
delayed recurrence and in-stent stenosis. In our previous report,33 one
recurrent VADA after SAC was treated with Willis covered stent, and
subsequent two VADAs were treated with Willis covered stent before the
prospective study began, viewed as our practical base. We believe this
study adds to the existing literature.

Although symptomatic VADAs treated Willis covered stent are not
significant difference in the initial technical successful rate, and throm-
bosis event perioperation, and the final complete occlusion rate, and the
final clinical outcomes with SAC, the initial complete occlusion and
stable occlusion rate was superior in Willis covered stent group, which
may be key to prevent effectively rebleeding for ruptured VADAs. In the
study, we report the initial experience that Willis covered stent treated
most symptomatic VADAs of the V4 segment located on the proximal to
PICA, and only two cases on the distal to PICA, and no case involved
PICA. Unfortunately, there is one case suffered with fetal thrombosis
event and rebleeding.

In the study, Willis covered stent is preferred in patients with symp-
tomatic VADAs with the following characteristics: ① some ruptured
VADAs, which were not involved an important branch vessel, such as
PICA, and BA, etc;② some VADAs, which were failure to be treated with
SACE, or recurrent VADAs; ③ the patient was willing to be treated with
Willis covered stent, and followed up in accordance with the study
protocol.

Flow diverter device issues

In the past 8 years, several FDDs have been emerged as a new para-
digm in EVT of intracranial aneurysms. They are rapidly becoming a
suitable and preferred alternative to traditional EVT with stents and coils
in selected cases.11,21,34–36 Compared with conventional intracranial
stents, it has higher surface coverage and lower porosity. Several FDDs
are in development as follows: The Pipeline embolization device (PED,
Medtronic, Irvine, California, USA), The Silk device (SFD, Balt Extrusion,
Montmorency, France), The Surpass (Stryker, Kalamazoo, Michigan,
USA), FRED (Microvention, Tustin, California, USA) and Tubridge
(Microport Scientific Corporation, Shanghai, China) devices. These FDDs
comprise a high-attenuation braided mesh stent that it can change the
interface of the parent artery and aneurysm sac, facilitating endoluminal
reconstruction and aneurysm thrombosis rather than reducing endo-
saccular filling. Subsequent intrasaccular thrombosis and further neo-
intimal growth over the FDD reconstructs the parent artery, eliminating
the aneurysm/parent artery interface with a high rate of occlusion and
acceptable morbidity and mortality. The literature on this subject is
growing but consisted mainly of small series of less than 10 cases have
reported on the safety and efficacy of the PED for reconstructive EVT of
VADAs, which showed promising short- and mid-to long-term results
with acceptable risks.11,35–38 Moreover, Cerejo et al.12 reported their
cases and reviewed only 11 published papers in the English literature to
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show good results, a total of 55 intracranial VADAs of 53 patients treated
with FDDs. In 20/53 (37.7%) the presenting symptomwas acute SAH due
to VADAs, while in 4/53 (7.5%) the presenting symptomwas an ischemic
stroke/transient ischemic attack. At available follow-up (range 5 days–45
months), only 10/53 (18.9%) aneurysms had residual filling. Peri-
procedural complications were seen in 5/43 patients (11.6%). Only two
patients required re-treatment, one owing to foreshortening of the de-
vice, and the other for in-stent stenosis. No postprocedural ruptures were
noted. However, a recent meta-analysis from Kiyofuji et al.39 Reviewed
EVT outcomes of posterior circulation non-saccular aneurysms by FDDs,
immediate complete or near complete occlusion of the aneurysm
occurred only in 25% and long-term occlusion in 52%. Periprocedural
stroke occurred in 23% of cases. Good long-term neurologic outcomewas
achieved in 51%. Good neurologic outcome rate was higher in vertebral
artery aneurysms (83%) than other locations (18–33%). In addition, they
believe that FDD is a feasible and efficacious treatment for non-saccular
aneurysms in the posterior circulation, but treatment outcomes of
non-saccular aneurysms of the posterior circulation are highly variable
and are highly dependent on patient selection.

Although many studies demonstrated the characteristics of the PED
appear to be ideal for EVT of ruptured and unruptured VADAs, the major
inherent limitations of FDDs are delayed aneurysm rupture and paren-
chymal hemorrhage after operation, which are poorly understood.
Moreover, there is also the need for prolonged antiplatelet use, device
migration, delayed parent vessel occlusion and the worsening of preex-
isting mass effect, remain non-negligible. The therapeutic approach to
these lesions requires a sophisticated understanding of their unique
anatomy and hemodynamic features, an extensive comprehension of the
treatment strategies, and a keen decision-making process to individualize
the treatment for any specific lesions.

Innovations and limitations

This is the first appraisal of the safety and efficacy of Willis covered
stent in selected symptomatic VADAs treatment with concise follow-up
data, compared with SAC, based on mid- and long-term follow-up of
13 case series. The results are encouraging, though some limitations need
to be noted. First, the number of cases is limited due to the rarity of
indicated cases; second, our patients were highly selected which leads to
selection bias; Third, the size of VADAs was not compared between the
two groups in the study, which was replaced with the number of stent
because VADAs were considered a wall defect disease of VA based on
nature of ruptured VADAs; Moreover, in-stent stenosis could not be
effectively evaluated due to the short follow-up time in most cases; The
most important is that it is a non-randomized case series.

Conclusions

Our preliminary data, combined with a review of available evidence
from the literature, show that reconstructive endovascular Willis covered
stent appears to be a safe and effective treatment alternative for selected
symptomatic VADAs, associated with good occlusion rates and favorable
clinical outcomes, which can be comparable with that of SAC. However,
Willis covered stent could not treated VADAs involved PICA and near the
origin of BA, which will be treated by SAC or PED, although it is very
suitable for EVT of acute ruptured VADAs. Moreover, an expanded
clinical experiences and larger cohort studies are needed to elaborate
stent-related complications and long-term follow-up outcomes.
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