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ABSTRACT

Background The primary goal of the CLARYS study

is to assess the protection against rebleeding when
treating ruptured bifurcation aneurysms with the Woven
EndoBridge (WEB) device.

Methods The CLARYS study is a prospective,
multicenter study conducted in 13 European centers.
Patients with ruptured bifurcation aneurysms were
consecutively included between February 2016 and
September 2017. The primary endpoint was defined

as the rebleeding rate of the target aneurysm treated
with the WEB within 30 days postprocedure. Secondary
endpoints included periprocedural and postprocedural
adverse events, total procedure and fluoroscopy times,
and modified Rankin Scale score at 1 month and 1year.
Results Sixty patients with 60 ruptured bifurcation
aneurysms to be treated with the WEB were included.
A WEB device was successfully implanted in 93.3%.
The rebleeding rate at 1month and 1year was 0%.

The mean fluoroscopy time was 27.0 min. Twenty-three
periprocedural complications were observed in 18
patients and resolved without sequelae in 16 patients.
Two of these complications were attributed to the
procedure and/or the use of the WEB, leading to a
procedure/device-related intraoperative complication
rate of 3.3%. Overall mortality at 1 month and 1year
was 1.7% and 3.8%, respectively and overall morbidity
at 1 month and 1year was 15% and 9.6%, respectively.
WEB-related 1-month and 1-year morbidity and mortality
was 0%.

Conclusions The interim results of CLARYS show that
the endovascular treatment of ruptured bifurcation
aneurysms with the WEB is safe and effective and,

in particular, provides effective protection against
rebleeding. It may induce profound change in the
endovascular management of ruptured bifurcation
aneurysms.

21,22

Jacques Moret,"*? James Byrne,*

INTRODUCTION

Current literature’™ indicates that coiling yields a
better clinical outcome than clipping. The balloon
remodeling technique* is a widely used adjunctive
tool to allow treatment of complex aneurysms,
especially broad-based aneurysms, and has shown to
be as safe as coiling alone.” ® In some cases, coiling
may be technically challenging owing to aneurysm
geometry that necessitates the additional use of a
stent.” This treatment requires the concomitant use
of antiplatelet medication, making it difficult to
manage in patients with subarachnoid hemorrhage
(SAH), especially if an external ventricular shunt is
required.® Ruptured bifurcation aneurysms present
a larger challenge to treat due to their complex
configurations and locations as coils are more prone
to collapse in this situation.” For these specific situa-
tions, newer endovascular management techniques
are therefore required.

Over the past decade, the intrasaccular flow
disruptor Woven EndoBridge (WEB, MicroVen-
tion, Aliso Viejo, California, USA) has been devel-
oped for the treatment of bifurcation aneurysms.
Since its CE marking, the WEB has been evaluated
in multiple clinical studies, including WEBCAST,'
French Observatory,"! WEBCAST 2,'? and WEB-
IT." " These studies have unanimously demon-
strated the favorable safety and efficacy profile
of the WEB in treating intracranial aneurysms,
including the most challenging wide-neck bifurca-
tion aneurysms. Published studies have included, in
most cases, unruptured aneurysms.

The principle of operation of the WEB is to
cause a progressive thrombosis of the aneurysmal
sac, secondary to the effect of endosaccular flow
disruption. In ruptured aneurysm treatment, the
key point is to determine whether the aneurysmal
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Hemorrhagic stroke

sac thrombosis after WEB placement is fast enough to prevent
early rebleeding, allowing its safe use in the acute stage. A few
publications, either single center or retrospective, have shown
promising results, reporting a very low rate of re-rupture after
the treatment of ruptured aneurysms using WEB.">™"* However,
there have been no multicenter studies assessing the clinical
performance of using the WEB to treat ruptured aneurysms thus
far.

This ability of the WEB to prevent early rebleeding—that is,
within 1 month of aneurysm rupture’*—seemed so important to
us that we made it the primary endpoint of the study. In addi-
tion, special attention was paid to the extremely rigorous detec-
tion of any rebleeding after WEB treatment, and the protocol
was specifically designed with this in mind. We also wanted to
focus on clinical outcomes and clinical complications when using
the WEB device in the specific setting of ruptured aneurysms.
Since this early protection against rebleeding is associated with
long-term clinical outcome, we will present here, in addition to
the 1-month results, the 1-year clinical results.

MATERIALS AND METHODS

Study design

The CLARYS study is a prospective, multicenter, single arm study
conducted at 13 interventional neuroradiological departments in
France and Germany. The study enrolled patients with ruptured
aneurysms of the anterior and posterior intracranial circulations.
In this study, a patient with a ruptured aneurysm was defined as
a patient with CT, MRI, or lumbar puncture evidence of SAH
attributed to the index aneurysm within the past 30 days.

The CLARYS study is registered in ClinicalTrial.gov under
NCT02687607. It received approval based on the national regu-
latory requirements, including sites’ ethics committee. Informed
consent was obtained in compliance with applicable regulatory
and institutional guidelines. The study was conducted under
Good Clinical Practice:

» An independent core laboratory evaluated all angiographic
data and adjudicated effectiveness outcomes.

» All adverse events were independently adjudicated by a clin-
ical event adjudicator (CEA).

» Data collected were 100% monitored and verified by an
independent clinical research organization.

Inclusion criteria for the study were ruptured (Hunt and Hess
grade I, II, or III) saccular aneurysms located in the basilar artery,
middle cerebral artery (MCA) bifurcation, internal carotid artery
terminus, anterior communicating artery, anterior cerebral
artery, or posterior communicating artery. Diameter and height
of the aneurysm had to have appropriate size for treatment with
the WEB device, with a maximum width diameter <10 mm. All
subjects meeting the inclusion/exclusion criteria and who under-
went at least one attempt of treatment with a WEB device were
enrolled in CLARYS.

Procedure

The embolization procedure was performed under similar condi-
tions as those for standard coiling for ruptured aneurysms. After
positioning a guiding catheter into the internal carotid artery or
vertebral artery, the aneurysm was catheterized with a VIA 21,
VIA 27, or VIA 33 microcatheter (MicroVention, Aliso Viejo,
California, USA). The decision on which form of WEB (barrel
shape, referred to as “WEB S’ and sphere shape, referred to as
‘WEB SLS’) to use was left to the operator. An angiogram was
obtained to check the position of the WEB in the aneurysm and
to evaluate flow stagnation inside the aneurysm. Treatment with

other devices (balloon, coils, or stents) was performed if deemed
necessary by the treating physician. Any technical issues noted
during the procedure were documented. Any adverse events or
complications noted during the procedure/post-embolization
were also documented on the case report and adverse event
report forms.

CLARYS protocol to detect rebleeding after WEB placement
The protocol has been carefully designed to strictly monitor any
rebleeding that may have occurred after the placement of the
WEB device.

1. To ensure that there was no bleeding between the initial
diagnosis of SAH and WEB placement, the initial imaging should
be performed less than 6hours prior to femoral puncture. It
was mandatory to systematically repeat the flat-panel CT in the
angiosuite in the following two situation:

(a) Either the time between the last CT scan and the start of
the procedure was greater than 6 hours, even in the absence
of any clinical change.

(b) A clinical worsening was observed at any time between
the last CT scan and the placement of the WEB.

2. To ensure that any bleeding that might have occurred
after WEB placement (and up to 1 month after treatment) was
detected:

(a) A flat-panel CT scan was systematically performed in the
angiosuite at the end of the treatment.

(b) A non-enhanced CT or MRI scan should be performed
for any change in the patient’s neurological status (any new
neurological deficit, disturbance of consciousness, wors-
ening of acute headaches, signs of intracranial hypertension),
from the time of the postoperative flat-panel CT scan until
1 month after the procedure.

Details of any additional diagnostic imaging preprocedure or
performed between postprocedure and hospital discharge were
collected and provided to the core laboratory/CEA. Thirty-day
(%7 days) neurological follow-up was assessed with the modified
Rankin Scale (mRS), completed during the office visit or by tele-
phone interview. Any adverse events noted during the follow-up
visit were documented and reviewed by the CEA.

CLARYS endpoints

» The primary endpoint was defined as the rebleeding rate of
the target aneurysm treated with the WEB within 30 days
postprocedure. Rebleeding from the target aneurysm was
defined as obvious evidence of hemorrhage on CT or MRI
scans and hemorrhage depicted in the same territory as the
initial bleeding and hemorrhage increased in size compared
with initial preoperative CT scan.

» Secondary endpoints included periprocedural and post-
procedural adverse events, mRS score, and total procedure
and fluoroscopy times. Definitions of adverse events and
serious adverse events are in line with EN ISO 14155.

» The 12-month clinical and angiographic follow-up was also
a secondary endpoint. Nevertheless, patient safety requires
that clinical data at 1year be presented in this paper as well.

RESULTS

Patient demographic and baseline characteristics

From February 2016 to September 2017, 60 patients (31 women
and 29 men) aged 26-78 years (mean 54.5+11.5 years) were
treated with the WEB device. The baseline characteristics
including medical history, Hunt and Hess score, and mRS score,
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Table 1 Patient and aneurysm characteristics
Age (years)
Mean=SD 54.5+11.5
Median 56.0
Range 26-78
Gender, n (%)
Men 29 (48.3%)
Women 31 (51.7%)

Main medical history, n (%)

Smoking 32 (53.3%)

Systemic hypertension 23 (38.3%)

Hyperlipidemia 6 (10.0%)

Myocardial disease 2 (3.3%)
Hunt and Hess Score, n (%)

| 24 (40.0%)

Il 23 (38.3%)

1] 13 (21.7%)
mRS score before aneurysm rupture, n (%)

0 59 (98.3%)

1 1(1.7%)

Aneurysm sac width

Mean (+SD) 6.6 (+2.6)
Aneurysm neck width

Mean (+SD) 4.6 (£1.6)
Dome-to-neck ratio

Mean (+SD) 1.6 (+0.4)
Wide-neck aneurysm

Neck size =4mm 36/60 (60.0%)

Dome-to-neck ratio <2 53/60 (88.3%)

Dome-to neck ratio <1.5 22160 (36.7%)
Aneurysm location, n (%)

AComA 26 (43.3%)

MCA bifurcation 23 (38.3%)

Basilar apex 7 (11.7%)

ACA 2 (3.3%)

ICA terminus 1(1.7%)

PComA 1(1.7%)

ACA, anterior cerebral artery; AComA, anterior communicating artery; ICA, internal
carotid artery; MCA, middle cerebral artery; mRS, modified Rankin Scale; PComA,
posterior communicating artery.

are presented in table 1. More than 50% had a history of smoking
and more than one-third had a history of systemic hypertension.

Aneurysm characteristics

All patients were diagnosed with ruptured aneurysms. Each
patient was treated for one aneurysm. The anatomical locations
and dimensions of the treated aneurysms are listed in table 1.
Most (60%) of the treated aneurysms were broad-based and
mainly (81.6%) located in the anterior communicating artery or
MCA bifurcations.

Procedural data
Deployment of the WEB device was successfully achieved in
56 cases (figure 1), yielding a technical success rate of 93.3%

(56/60). In the four cases in which the WEB device was not
implanted, the WEB device was successfully retrieved prior to
detachment and the aneurysms were subsequently treated with
coils. In two of the four cases, the WEB device was not deployed
properly owing to unfavorable aneurysm morphology. Safe
detachment of the WEB was not possible in the third case due to
the unclear visualization of the aneurysm, and satisfactory posi-
tioning was not achieved in the fourth case.

Forty-five (80.4%) of 56 aneurysms were treated with the
WEB SL and 11 (19.6%) aneurysms were treated with the WEB
SLS. Adjunctive devices were used in 3 of the 56 (5.4%) patients
successfully treated with the WEB, including balloon remodeling
in one aneurysm, and stenting in two aneurysms because there
was a protrusion of the device in the parent vessel.

Procedure time and fluoroscopy time were calculated for the
56 patients in whom a WEB device was implanted. Mean WEB
procedure time was 75.3 min (range 12-235) and mean fluoros-
copy time was 27.0 min (range 6—82).

Perioperative antiplatelet medication

Table 2 depicts the antiplatelet therapy, if any, administered to
patients, according to the time of its administration. All, but
four patients, were not receiving antiplatelet treatment prior
the procedure. A total of 43% of patients received one or more
antiplatelet agents during the procedure, which was continued
postprocedure in 30% of treated patients.

Primary endpoint: effectiveness defined as the rebleeding
rate within 30 days postprocedure

No rebleeding was observed in any patients up to 1 month after
WEB placement in the target aneurysm. Thus, the rebleeding rate
in this cohort was 0.0% and, no target aneurysm re-treatments
were performed within the month following WEB placement.

Safety: periprocedural adverse events

Safety was assessed in the whole population, including the four

treatment failures (figure 1).

Twenty-three periprocedural events, with or without clinical

consequences, were observed in 18 patients (table 3):

1. Ten were thromboembolic events (16.7%), leading to clinical
consequences in 2 patients:
(a) Two were related to the WEB. One clot occurred at
the level of the neck of the aneurysm treated with WEB. It
was treated with abciximab but led to an ischemic occipital
stroke, with visual field modification. The other clot was a
protrusion of the WEB leading to clot formation at the lev-
el of the neck, treated with abciximab and deployment of a
stent, without clinical impact.
(b) Five were adjudicated to be possibly related to the WEB
or procedure, without knowing the accountability of one
more than the other. All received perioperative antiplatelet
treatment, and for three patients, this treatment was extend-
ed postprocedure. None had clinical consequences.
(c) Three were adjudicated as not related to the WEB but
to the procedure. One patient had preoperative antiplatelet
therapy; all three patients received intraprocedural antiplate-
let therapy, which was extended postoperatively in two pa-
tients. One had a clinical consequence: a thromboembolic
complication with perfusion deficit within a branch distal to
the WEB, without any WEB protrusion or clot at the level of
the neck (this patient received antiplatelet therapy perioper-
atively and postoperatively).
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| 60 Patients/60 Aneurysms included with WEB used |

| sareTvpoPuLATION ]

EFFICACY POPULATION |

4 Treatment Failures:

- WEB size not adequate

- Unsatisfactory WEB positioning

- Aneurysm not clearly visible for safe WEB
detachment

- WEB device did not deploy correctly

30-Days FUp
60 Patients

Technical Success
56 Patients

* 4 patients without follow-up visit
+ 4 without WEB (not followed up
according to protocol)

12-Mo Clinical FUp
52 Patients

Figure 1  Population flow chart for safety and efficacy analysis.

2. Two events were perioperative rupture (3.3%): both oc-
curred after several repositioning maneuvers of the WEB.
Bleeding was observed on the angiogram after removal of
the WEB. Both were treated with coils. Both ruptures did not
lead to modification of the clinical status.

3. Four events were vasospasm (6.7%), all adjudicated to the
underlying disease condition. One of those led to a worsen-
ing of the clinical condition.

4. One event was a hydrocephalus (1.7%), also adjudicated to
the underlying disease condition, which did not lead to clin-
ical modification.

5. one event was a patient with headache, adjudicated to the
underlying disease condition, which did not lead to clinical
modification.

6. Five events were non-neurological, including pneumonia (1),
epistaxis (1), and hematuria (1), all in the same patient; hy-
pertension (1) and urinary tract infection (1) were also not-
ed. All were without clinical neurological consequences.

To summarize, among the 23 periprocedural events:

» Four were related to the WEB; 5 were related to the proce-
dure or the WEB; 3 were related to procedure, not to the
WEB; 11 were neither related to the procedure nor to the
WEB.

» There were 18 neurological/neurovascular periprocedural
events, with or without clinical consequences, occurring in
17/60 patients.

» Among them, 2/60 (3.3%) patients had neurological clinical
impact in relation to the procedure and/or device. Both were
periprocedural thromboembolic events.

Of the two patients who had a neurological clinical conse-
quence in relation to the procedure and/or device:

» One patient developed a clot that occurred at the level of the
aneurysm neck treated with the WEB, leading to an ischemic

Table 2  Perioperative antiplatelet medication

occipital stroke. This patient was initially Hunt and Hess
grade II at admission, mRS score 2 at 1 month.

» One patient developed a perfusion deficit within a branch
distal to the WEB, without any WEB protrusion or clot at
the level of the neck. The patient was Hunt and Hess grade
IT at baseline. This patient also had a vasospasm that was
adjudicated as responsible for the clinical worsening, with an
mRS score of 4 at 1 month.

Serious adverse events (SAEs) after the procedure and before
1 month
As adjudicated by the CEA, 17 serious adverse events occurred in
11 patients following the procedure up to follow-up at 30 days.
None of them were related to WEB.
Of the 17 SAEs, four had clinical sequelae:
» One patient (No 1) died 6days after the procedure owing
to clinical vasospasm and this event was adjudicated to
be related to the patient’s disease condition, resulting in a
mortality rate of 1.7% (1/60).
» Two were related to the underlying disease: one case of clin-
ical vasospasm and one case of hydrocephalus
» One was infection of the central venous catheter, adjudi-
cated to be related to the concurrent conditions
The remaining 13 SAEs all resolved without clinical sequelae:
2 clinical vasospasms, 2 hydrocephalus, 2 pneumoniae, 2 urinary
tract infections, 1 SAH, 1 pulmonary embolism, 1 peripheral
thromboembolism, 1 arrhythmia, and 1 infection.

Morbidity at 1 month
The overall morbidity (mRS score >2) rate at 1month was
15.0% (9/60). The morbidity in all nine patients was adjudicated
as unrelated to the WEB.
Among these nine patients:
» Three had an mRS score of 5, adjudicated to be associated
with the underlying disease: patient No 4 experienced vasos-
pasm 3 days after the procedure, patient No 7 experienced

Number of Postprocedure hydrocephalus 1day after the procedure, and the third
antiplatelet Preprocedure  During procedure (30 days) patient had urinary tract infection, hypothyroidism, and
regimens N (%) N (%) N (%) . i i
pulmonary disease.
0 56 (93%) 34 (57%) 42 (70%) » Two had an mRS score of 4: patient No 3 experienced
1 4 (71%) 20 (33%) 12 (20%) periprocedural vasospasm that was related to the pre-
2 0 (0%) 5 (8%) 6 (10%) existing underlying disease condition, patient No 5 had a
3 0 (0%) 1 %) 0 (0%) periprocedural thromboemb(?llc event that was related to
the procedure and also experienced two vasospasm events 1
4 Spelle L, et al. J Neurolntervent Surg 2021;0:1-8. doi:10.1136/neurintsurg-2021-017416
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Table 3  Periprocedural events, with or without clinical consequences and adjudication of causality by the clinical event adjudicator (CEA)

Related to WEB and/or Related to procedure and/

Periprocedural events Number of events, % Clinical consequences Related to WEB  procedure or disease
Thromboembolic event 10 (16.7%)
Thromboembolic event: no perfusion deficit* 5 0 3 2
Thromboembolic event: perfusion deficitt 3 1 2 1
Stroke$ 1 1 1
Thrombosis: parent or branch artery§ 1 0 1
Perioperative rupture 2 (3.3%) 0 2
Vasospasm 4 (6.7%)
Vasospasm depicted on angiogram 3 0 3
Vasospasm clinical 1 1 1
Hydrocephalus 1(1.7%) 0 1
Headache 1(1.7%) 0 1
Other, non-neurological 5 (8.5%) 0

*Thromboembolic event: no perfusion deficit, defined as thrombus observed in distal vasculature but not affecting flow to that region.

tThromboembolic event: perfusion deficit observed, defined as thrombus observed in distal vasculature and perfusion deficit observed in that region.

1Stroke, defined as new neurologic deficit of presumed vascular origin, persisting for more than 24 hours in the absence of a neuroimaging study clearly indicating a different
etiology. This definition includes a vasospasm-induced ischemic event associated with the index procedure.

§Thrombosis: parent or branch artery, defined as thrombus observed at the WEB - parent vessel interface or in a branch vessel (eg, temporary posterior cerebral artery (PCA)
occlusions with WEB (size too big), which resulted in thrombus in the PCA and had to be treated either with stent or with drug; or also one thrombus observed on the WEB and

treated with drug).

and 2 days after the procedure that were much more severe
than the periprocedural thromboembolic event.

» Four had an mRS score of 3. One was the patient already
described in the SAE section, having infection of the central
venous catheter. The three other patients (including Patient
No 6) had no event with clinical impact and the morbidities
are related to the initial SAH.

Perioperative antiplatelet regimen in the context of

periprocedural adverse events

In summary, the status of the presence or absence of antiplatelet

therapy when a non-peripheral intraoperative complication

occurred was as follows:

» Among the 10 thromboembolic complications, only one
patient received preoperative antiplatelet therapy, and all
received intraoperative antiplatelet therapy, which was
continued postoperatively in six patients.

» Among the two intraoperative ruptures, one patient was
receiving antiplatelet therapy during the procedure.

» The one patient who presented with hydrocephalus received
intraoperative and postoperative antiplatelet therapy.

Clinical results at 12 months
At the 1-year follow-up, no ruptured aneurysm acutely treated
by WEB has shown rebleeding.

Among the baseline population of 60 patients, 52 patients
were evaluated for 12-month clinical safety (figure 1). The
four patients who were not treated with the WEB device were
followed up only to 30 days according to the protocol. Four addi-
tional patients were not evaluated at 1year because they refused
to return to hospital and the mRS score could not be evaluated at
that time. However, their clinical status was assessed between 1
and 11 months: the first patient had a mRS score of 0 at 1 month
and moved abroad without leaving any contact details, the
second and third patients were seen at 3 and 7 months, respec-
tively, and their mRS score was 0, the last patient was called at
11 months, but reported no complications, and the mRS score
was not evaluated. Patients re-treated before the 12-month visit
are included in the 1-year clinical follow-up analysis.

The results of mortality and morbidity among the 52 patients
are described in the table 4.

The overall 1-year mortality was 3.8% (2/52). The two deaths
were adjudicated to be related to the initial disease condition:

Table 4 Description of morbidity and mortality at 1 month and 1year

Hunt and Hess grade at mRS score at mRS score at

Adjudication of the relationship between the event(s) and the

Patient No baseline 1month 1year clinical impact Device related
1 Il 6 - Vasospasm 6 days after the procedure No
2 Il 2 6 General status deterioration. Patient >70 years No
3 Il 4 4 Initial SAH, Periprocedural vasospasm No
4 11l 5 4 Initial SAH, vasospasm 3 days after the procedure No
5 Il 4 3 Periprocedural thromboembolic event, 2 vasospasms 1 and 2 days after No
the procedure
6 Il 5 3 Initial SAH, pulmonary/respiratory disease No
7 Il 5 4 Hydrocephalus 1 day after the procedure No

mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.
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» Patient No 1 has already been described above: they experi-
enced a vasospasm and died 6 days after the procedure.

» Patient No 2, over 70 years of age, had a progressive wors-
ening of their general status, without new hemorrhage. They
were never discharged from hospital and died over 70 days
after the initial bleeding.

The 1-year morbidity rate was 9.6% (5/52). The five events
meeting the morbidity definition were adjudicated to be related
to the initial disease condition.

» Three patients experienced a vasospasm and have already
been described above. Their events were adjudicated as
related to their initial disease condition. For patient No 3,
the perioperative vasospasm resulted in an ischemic stroke
requiring prophylactic craniectomy. The mRS score was 4 at
1 month and remains 4 at 1year. Patient No 4 experienced
a vasospasm 3 days after the procedure, the mRS score was
5 at Tmonth and 4 at 1year. Patient No 5 experienced a
periprocedural thromboembolic event that was related to
the procedure. Afterwards, the patient experienced two
vasospasms 1 and 2days after the procedure that were
much more severe than the periprocedural thromboembolic
event, the mRS score was 4 at 30 days postprocedure and
3 at 1year.

» Patient No 6 had a mRS score of 5 at 1 month, adjudicated
to be related to initial SAH, the mRS score was 3 at 1year.

» Patient No 7 developed a postoperative hydrocephalus
leading to cognitive impairment, the mRS score was 5 at
1 month and 4 at 1year.

All patients, except patient No 2, have already been described
in the 1-month morbidity section. In this latter section, four
other patients had 1-month morbidity (mRS score >2). Among
them, the clinical status of three patients improved between
1 month and 1year follow-up (two patients from mRS score 3 to
2, and one patient from mRS score 3 to 1). The fourth patient
was not evaluated at 1year according to the predefined study
methodology as they did not have the WEB device implanted.

Summary

A summary of the overall data is as follows:

» 0% rebleeding rate at 1 month and 1year.

» 3.3% periprocedural events with clinical consequences,

related to the procedure and/or device, all due to periproce-

dural thromboembolic events.

0% WEB-related 1-month and 1-year mortality.

0% WEB-related 1-month and 1-year morbidity.

Overall 1-month mortality: 1.7 %/overall 1-year mortality:

3.8%.

» Overall 1-month morbidity: 15%/overall 1year morbidity:
9.6%.

vvyy

DISCUSSION

The CLARYS study demonstrates that the WEB device is safe and
effective in the treatment of ruptured bifurcation aneurysms, as
shown by the fact that there was no target aneurysm rebleeding
within 30 days of follow-up, up to 1year, in any of the 56 cases
treated. Treatment with the WEB was feasible (93.3% technical
success rate) with a low device-related complication rate (3.3%)
and low overall 1-month mortality rate (1.7%). The 1-month
death that did occur in this cohort was adjudicated as related
to the underlying disease condition and unrelated to the device
itself. Another patient died 2.5 months after the hemorrhage
without ever bleeding again and their death was not related to
the WEB.

Protection against rebleeding

The CLARYS protocol was carefully designed to detect any
rebleeding during the month after the endovascular treatment of
a ruptured aneurysm using the WEB and, to our knowledge, this
is the first study to look at this rigorously. This absence of early
bleeding is a fundamental element to emphasize considering that
the principle of operation of the WEB is to promote a progres-
sive thrombosis of the aneurysmal sac secondary to the endosac-
cular flow disruption. It is an encouraging factor for its use in
the acute stage for the treatment of ruptured aneurysms. This
is a fundamental point, to be put into perspective in compar-
ison with the effectiveness of currently available treatments,
including endovascular coiling. The only important drawback is
the small size of our population compared with the large studies
already published.

Molyneux et al* reported rebleeding rates of 1.9% after the
first procedure and before 30 days in 1073 patients with ruptured
intracranial aneurysms treated with endovascular coiling in the
International Subarachnoid Aneurysm Trial (ISAT). Of course,
the comparison must be weighted: ISAT was a randomized study
with a large number of patients in comparison with the number
in our study. The treatments were performed 25 years ago, but
the fundamentals of today’s endovascular treatment existed
even then: use of coils, remodeling technique, subtractive angi-
ography, and 3D imaging. All other endovascular innovations
—whether stents or flow diverters—are generally not used in the
emergency setting. So the comparison still makes sense, because
the CLARYS study is the first study to specifically and rigorously
investigate protection against acute rebleeding.

The absence of rebleeding in ruptured aneurysms following
treatment with WEB was previously reported. Caroff et al®
were the first to report their single-center experience of the use
of the WEB in ruptured aneurysms, and observed no rebleeding
between discharge and the 3-month follow-up in any of their
six treated patients. van Rooij et al'” then investigated a single-
center cohort of 100 patients with ruptured aneurysms who
were treated with the WEB, and also found no rebleeding during
the 3 to 6 months of follow-up.

Technical success rate and procedure times

In this study, treatment using the WEB device alone was
performed in 53 cases (88.3%) despite the use of larger micro-
catheters (from 0.021 to 0.033 in) than those used to coil aneu-
rysms (0.017 in). Coiling of the aneurysm was performed in four
cases when WEB placement was deemed impossible or unsatis-
factory. Adjunctive devices, including one balloon and two stents,
were successfully used to manage protrusion of the device in the
parent artery. No technical complications or adverse events were
observed with the adjunctive use of balloons and stents. This
preliminary evidence demonstrates that the adjunctive use of
balloon and stent placement with the WEB device is feasible,
with an acceptable safety profile; the use of the balloon to assist
in WEB placement has recently been described by Mihalea et
al*!

As no components of the WEB protrude outside of the aneu-
rysm, patients are not required to remain on dual antiplatelet
therapy after the implantation procedure. Compared with a
coiling procedure that requires multiple devices, the WEB proce-
dure requires only one device, leading to fast procedure time
(mean procedure time of 1hour 15 min) and low radiation expo-
sure (mean fluoroscopy time of 27 min). These excellent times
were obtained despite the anatomical difficulty of treating these
aneurysms, particularly because of their location on bifurcations
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and the large width of their necks (dome-to-neck ratio <2 in
889 of the aneurysms).

Perioperative thromboembolic complications

In our series, the rate of intraoperative complications and post-
operative morbidity/mortality compares favorably with that of
large series of patients with ruptured aneurysms treated with
coiling. Thromboembolic events, either with or without perfu-
sion deficits, were the most frequent intraoperative complication
observed in this study.

Thus, 16.7% of the periprocedural events that were observed,
with or without clinical consequences, were thromboembolic
complications. This rate of thromboembolic events is compa-
rable to that (13.3%) reported in the CLARITY study, which
assessed endovascular coiling treatment for ruptured aneurysms
in 782 patients.”? It should be remembered that this complica-
tion rate increased with the width of the neck: when the neck was
>4 mm (which represents 60% of the population in CLARYS),
the thromboembolic complication rate in CLARITY increased
to 20.8%.! In the ARETA study,’ thromboembolic complica-
tions were the most frequently encountered (10.4% of the 753
ruptured aneurysms treated by coiling) and were more frequent
for aneurysms located on the MCA bifurcation (18.5% vs 8.3%
for the other locations). This location is encountered 20.3% in
ARETA vs 38.3% in CLARYS.

The rates of thromboembolic complications reported to date
in single-center series of ruptured aneurysms treated with the
WEB is highly variable: Caroff et al" reported 33% in a prelimi-
nary series including only six patients; van Rooij et al'’ reported
9% but it is not known if all angiographic complications even
those without clinical consequences were included; and Liebig et
al'® reported 9.6% but this is again a retrospective series.

Fortunately, only two patients had a clinical impact from
thromboembolic complications related to the procedure or WEB
(3.3%). This confirms that the thromboembolic complications
are ultimately the prerogative of endovascular treatment of aneu-
rysms, much more so than bleeding complications secondary to
intraoperative aneurysm rupture (0% in the CLARYS study).

Perioperative rupture

The 3.3% risk of a rupture during WEB placement is low,
similar to the risk for non-ruptured cases,”® and also compa-
rable to CLARITY (4.4%)** and ARETA (3.1%),° suggesting a
non-device-specific iatrogenic etiology for this complication. It
confirms the incredibly high safety of the device.

Other complications

Vasospasm was another frequent intraoperative complication in
the CLARYS study: angiographic vasospasm was observed in 3
patients (5%) and clinical vasospasm was observed in one patient
(1.79%), resulting in a total vasospasm rate of 6.7%. It was lower
than the vasospasm rate reported for coiling procedures,*
probably due to an overall low Hunt and Hess score in CLARYS,
since a Hunt and Hess score greater than III was an exclusion
criterion.

Limitations

Our study had some limitations. First, the number of patients
treated was relatively small. Second, CLARYS did not collect
all ruptured aneurysms but only those treated by the WEB
because the purpose of the study was not to determine the place
of WEB in the treatment of ruptured aneurysms but to deter-
mine whether WEB protects against rebleeding. Third, this was

a single-arm, not randomized study. It would be challenging to
directly compare the results of WEB with other techniques in
treating ruptured bifurcation aneurysms. However, it is the first
Good Clinical Practice study dedicated to ruptured bifurcation
aneurysms treated with the WEB.

CONCLUSIONS

With a zero rate of rebleeding at 1 month and also at 1year, the
results of CLARYS are extremely encouraging for use of the
WEB in the treatment of ruptured aneurysms, allowing protec-
tion against early and mid-late rebleeds.

The importance of these promising results could lead to a
significant change in our practices for the endovascular treat-
ment of ruptured bifurcation aneurysms, which has been based
for the past 30 years on treatment with either clip or coils.

Of course, before any efficacy statement is made, it is essen-
tial to confirm this clinical efficacy by an evaluation of the mid-
term angiographic efficacy. We have also been able to confirm
a high success rate and a low complication rate, which allows
rapid procedures and broadens the range of aneurysms suitable
for endovascular treatment. One-year follow-up with imaging
results is ongoing to supplement the encouraging clinical
outcomes.
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