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Abstract

Background and Purpose The experience of flow diverters
(FDs) in treating large vertebral artery-dissecting aneurysms
(VADA:G) is still limited. This study was conducted to present
our long-term outcome of VADAS treated with a Tubridge
flow diverter (TFD), a new device developed in China.
Materials and Methods The clinical and angiographic data
of six patients harboring large VADAs and treated with
TFDs were prospectively collected and analyzed.

Results A total of nine TFDs were successfully implant-
ed in six patients. Angiographic follow-up images were
available for all patients at a median of 26.0 (18.5, 37.5)
months after treatment. Five of the six VADAs were com-
pletely occluded, and the last was improved (near complete
occlusion). In-stent stenosis was detected in one case and
was handled appropriately by angioplasty and stenting.
All covered branches and parent arteries remained patent.
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There were no complications or new neurological deficits
observed in any of the patients. At the latest clinical follow-
up (36.5 (26.0, 44.5) months), all patients achieved 0 in the
modified Rankin scale score.

Conclusions Our preliminary experience suggests that the
Tubridge flow diverter might be an alternative treatment for
large and recurrent dissecting aneurysms derived from the
vertebral artery.

Keywords Tubridge - Vertebral artery dissecting aneurysm -
Endovascular - Flow diverter

Introduction

Vertebral artery dissecting aneurysms (VADAS) contribute
to both hemorrhagic and ischemic strokes [1, 2]. They are
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formed following intima rupture and the partial or complete
enlargement of the artery wall, the latter of which often
leads to a fusiform configuration. The special pathological
and morphological features of VADAs make them challeng-
ing to treat with traditional modalities. Surgery and endo-
vascular trapping were once used in ruptured VADAs [3, 4].
However, these deconstructive approaches may precipitate
severe ischemic complications. Reconstructive techniques,
especially flow diverting with Pipeline Embolization Device
(PED) or Silk® flow diverter (Silk), have been reported as a
potential alternative [5-7].

The Tubridge flow diverter (TFD) is a nickel-titanium
braided microfilament, self-expandable stent-like device
with flared ends. A TFD has gradient pore size which reaches
the lowest in the middle of the device (0.040-0.050 mm?) to
provide high metal coverage (approximately 30.0-35.0%)
at the aneurysmal neck, whereas lower metal coverage at the
two ends is designed to avoid perforator infarction as much
as possible. The size of TFDs ranges from 2.5 to 6.5 mm
in diameter and 12 to 45 mm in length. It had been applied
successfully in treating large or giant internal carotid artery
(ICA) aneurysms [8].

We aimed to report the preliminary experience and long-
term results of TFD in treating large VADAs.

Materials and Methods
Patient Selection and Population

The study was prospectively designed and approved by the
institutional Ethics Committee and China Food and Drug
Administration. Patients with unruptured or recanalized
VADAs being considered for TFD placement should meet
all of the following criteria: (1) The subject understood the
whole procedure of the trial and provided written informed
consent; (2) the patient was willing to be followed up in
accordance with the study protocol; (3) the subject was
18-75 years of age; (4) the VADAs were located at V4 seg-
ment of vertebral artery; (5) the maximal diameter of the
dissection was no less than 10 mm; and (6) the parent artery
was 2.0-6.5 mm in diameter.

Procedure and Perioperative Medication

The procedure was performed as described previously [8].
Endovascular treatments were performed by authors of the
present article (JML, QHH, BH, and YX), all of whom have
more than 10 years of experience in intracranial stent place-
ment. Intensive dual antiplatelet therapy (300 mg/day aspi-
rin plus 75 mg/day clopidogrel) were given for at least 3
days before the procedure and for 6 weeks after the proce-
dure. Clopidogrel was continued at a dose of 75 mg/day for
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three months, and then discontinued. Aspirin was admin-
istered at a dose of 300 mg/day for 6 weeks, followed by
100 mg/day infinitely.

Imaging and Clinical Assessment

For aneurysms treated with the TFD plus coils, the angio-
graphic results obtained immediately after the procedure
were classified according to the Raymond classification sys-
tem and O’Kelly-Marotta Scale [9]. For aneurysms treated
with the TFD without coils, flow alterations were defined as
either disrupted inflow jet or reduced contrast filling. Angio-
graphic follow-up results were classified into four categories
by comparison to the degree of immediate embolization: (1)
occluded, with no contrast observed in the aneurysm sac or
neck; (2) improved, with decreased contrast filling into the
aneurysm sac; (3) stable, with unchanged contrast filling in
the aneurysm sac; (4) recanalized, with increased contrast
filling in the aneurysm sac or with coil compaction detected.
Angiographic results were independently interpreted by
two of the authors; differences between raters were solved
by discussion with another senior neuro-interventionalist.
Images taken immediately after treatment and at follow-up
were checked carefully if there were any missing perforators
which were initially visible in the baseline angiograph from
the same perspective. The clinical outcome was evaluated
and recorded according to modified Rankin scale (mRS)
through neurologic examination or telephone interview by
two experienced neurologists.

Follow-Up Protocol

Catheter-based angiography was required at the 6th month
(£1 month) after treatment procedure. Digital subtraction
angiography (DSA) follow-up was recommended every
year thereafter, and gadolinium-enhanced magnetic reso-
nance angiography (MRA) (1.5 T) follow-up would also be
acceptable as long as the result of previous DSA follow-up
was satisfactory.

Results

Six patients were recruited in this study from August 2010
to May 2012, including two women and four men ranging
from 30 to 58 years old in age. Three of them had a his-
tory of subarachnoid hemorrhage (SAH) at least 3 months
prior to study entrance and presented because of recanali-
zation from their previous treatment, which included SAC
with either Enterprise stent (Codman & Shurtleff, Rayn-
ham, Massachusetts, MA, USA) in two patients or Solitaire
stent (Covidien/ev3 Inc, Irvine, CA, USA) in one patient.
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Table 1 Clinical information of six participants who received Tu-
bridge flow diverter treatment
No. Age (y)/sex Symptom at Prior treatment

onset
1 39/M Infarction None
Major recanalization at Sth
month after
2 41/M SAH SAC, recanalized again at 6th
month after retreatment with
SAC
3 49/M SAH Recanalized 1 month after SAC
4 30/M SAH Recanalized 3 months after SAC
5 58/F Headache None
6 48/F Vertigo None

y years, M male, F' female, SAH subarachnoid hemorrhage, SAC
stent-assisted coiling

The other three patients presented with ischemic stroke,
headache, and vertigo, respectively. The characteristics
of the six patients treated with TFDs were summarized in
Tables 1 and 2. Another ten patients with large unruptured
or recanalized VADAs in the same period refused to par-
ticipate in the trial.

Immediate Angiographic and Clinical Results

A total of nine TFDs were successfully deployed in six
patients. Three of them were treated with single or double
TFDs alone and the other three with additional coils. The
shape of deployed devices was examined with real-time
Dynamic CT to ensure substantial expansion. Immediate
angiographic results were neck remnant (Raymond Class
IT) in 2 VADASs and sac residue (Raymond Class III) in one
case treated with additional coils. Disruption of inflow jet
and delayed contrast filling was observed in other cases and
recorded to be Raymond Class III. None of the PICA were
affected, even those covered by the device. No new neuro-
logical deficits were observed after the procedure.

Angiographic Follow-up Findings

Long-term angiographic follow-up was available for all
patients for a median interval of 26.0 (18.5, 37.5) months
(Table 2). Five VADAs (83.3%, 5/6) were completely
occluded (Fig. 1 as an illustrative case), and the other one
(16.7%, 1/6) was improved in the latest follow-up.

One case of in-stent stenosis occurred in a lesion recan-
alized after prior SAC. It was detected incidentally at the
third month follow-up of subclavian artery stenosis. The
stenosis was located proximal to stent and within the TFD.
Angioplasty with Gateway 3/15 (Boston scientific, USA)
and Enterprise 4.5/28 (Codman, USA) was performed and
long-term angiographic results were favorable (Fig. 2).

Table 2 Detailed morphological information of each case and treatment outcome
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Fig. 1 A large vertebral artery-dissecting aneurysm was detected near
the orifice of posterior inferior cerebellar artery (PICA) (a) and treated
with one Tubridge flow diverter and additional coils; the immediate

Fig. 2 The 3rd month angiogra-
phy following stent-assisted coil-
ing revealed major recurrence of
a large vertebral artery dissecting
aneurysm (a), which was partially
occluded with a Tubridge flow di-
verter (TFD) and additional coils
(b); the 3rd month follow-up re-
vealed in-stent stenosis located at
the proximal end of previous stent
(c&d). Treatment with a Gateway
balloon (3 mm/15 mm) and an
Enterprise (4.5 mm/28 mm) was
performed immediately and the
stenosis was greatly resolved

(e); follow-up imaging at the

21st month after TFD treatment
showed no residual stenosis (f)

Clinical Outcome

No new symptoms were noted in any of the six patients.
The mRS score was 0 in all six patients at a median of 36.5
(26.0, 44.5) months’ follow-up.

Discussion

Vertebrobasilar artery-dissecting aneurysms with large
diameter; PICA involvement are at high risk of recanaliza-
tion and are difficult to treat [10, 11]. In our series, five out
of six VADAs were completely occluded without recana-
lization during the mean follow-up period of 28 months,
comparable to the obliteration rate of other FDs in treating
saccular aneurysms at other locations [12] and TFD in ante-
rior circulation [8], and superior to that of SAC in treating
VADAS [13]. The only case that failed to achieve complete
occlusion, though substantially improved, was a retreated,
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angiographic outcome was neck remnant, and PICA was perfectly pre-
served (b&c); the 28th month follow-up revealed remodeling of verte-
bral artery and the aneurysm was no longer visible (d)

ruptured VADA with PICA involvement. Moreover, it is
also believed that a preexisting stent in the lumen may have
limited the efficacy of FD reconstruction [14].

Use of Additional Coils

SAC is better than conventional stent-only therapy to treat
wide-necked aneurysms. However, the benefit of additional
coiling with FD implantation in treating unruptured aneu-
rysms remains controversial. It is hypothesized that coils in
the aneurismal sac provide extrinsic support for implanted
TFDs, thus preventing the TFD from protruding into the
aneurismal sac. The support from the coils is beneficial in
some degree, especially in VADAs with a fusiform configu-
ration. Additionally, coils may help prevent postoperative
SAH, the incidence of which is reported to be as high as 3%
[12]. One of the underlying culprits is increased intra-aneu-
rysmal pressure due to blood retention within the sac after FD
implantation [15], while additional coils accelerate thrombus
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formation, which obstructs inflow. The Balt Extrusion Com-
pany also recommends the combination of Silk device and
coils. The small sample size of our study may be the main
reason why we did not encounter any hemorrhagic complica-
tions. However, we believe that additional coiling may help
accelerate thrombus formation to prevent aneurysm rupture.
The midterm result of Parent artery reconstruction for large
or giant cerebral aneurysms using a Tubridge flow diverter
(PARAT) [16], a multicenter prospective trial launched by
our center to compare TFD treatments with Enterprise SAC
in treating big or giant saccular aneurysms, showed that
early aneurysm rupture mostly occurred in giant intracranial
aneurysms treated with TFD implantation only (unpublished
data). However, some studies claimed that additional coils
do not decrease the risk of early rupture of aneurysms after
FD implantation. The necessity of additional coil emboliza-
tion is still under evaluation.

Ischemic Complications After TFD Implantation

Ischemic complications, including perforator infarction and
infarctions in the downstream region, occur at both acute
stage and subacute stages. The overall incidence of isch-
emic stroke was 4.7 % (37/793) and was highest in patients
with posterior circulation aneurysms (7.3 %, 4/55) [17]. Per-
forator infarction contributes to nearly half of the ischemic
events in FD treatment and is usually explained by cover-
age of the perforator orifice by stent wires, or migration
of disintegrated thrombus formed in the stent [5]. Down-
stream region infarctions are more likely to be related to
in-stent thrombosis or escaped thrombi from the aneurys-
mal sac, especially in cases of giant, fusiform or dissecting
aneurysms.

No ischemic complications were observed in our series.
These results are comparable to other studies on VADAs.
However, it needs to be noted that people with vertebral—
basilar junction aneurysms might be at higher risk of isch-
emic complications, probably due to the higher density of
perforators within this area [11, 18]. None of TFD covered
this area in our series, so the safety in treating vertebrobasi-
lar aneurysms needs to be evaluated in the future.

Delayed In-Stent Stenosis After TFD Implantation

In-stent stenosis is detected in 38 % (6/16) of patients treated
with Silk and 39 % (7/18) of patients treated with Pipeline
flow diverter [19] and is considered a common reaction of
the arterial wall to the device. Early angiographic follow-
up is valuable in detecting in-stent stenosis, which tends to
occur during the first 2 months after flow-diverter deploy-
ment. Most of the stenosis are mild to moderate and can be
treated conservatively with enhanced medical therapy. We
decided to treat the lesion with an endovascular approach

because it was severe and most of the lumen had been occu-
pied by excessively proliferated intima.

Innovations and Limitations

This is the first appraisal of the safety and efficacy of the
TFD device in complex VADA treatment, based on long-
term follow-up of six case series. The results are encour-
aging, though some limitations need to be noted. First, the
number of cases is limited due to the rarity of indicated
cases; second, all patients came from a single center and
are highly selected which leads to selection bias; third, there
were no proper cases treated with other modalities from
which to make a comparison.

Conclusions

The Tubridge flow diverter appears to be a safe and effective
treatment alternative for large dissecting aneurysms derived
from the VA. Further experience is needed.
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