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Abstract

Background and Purpose The Barrel device is an electrolytically detachable laser cut, closed-cell microstent that is used
for neck reconstruction in wide-necked bifurcation and branching aneurysms to support coiling. The key feature is a barrel
section that herniates over the aneurysmal ostium. The objective was to evaluate the safety, feasibility and the immediate
and mid-term occlusion results of this new device.

Material and Methods The databases of two tertiary care centers were screened for all Barrel-based stent-assisted in-
tracranial coil embolization of wide-necked aneurysms between June 2015 and September 2016. Case files and imaging
data were retrospectively analyzed for angiographic and clinical outcome parameters, including immediate and mid-term
modified Raymond-Roy aneurysm occlusion classification (RROC) rates and procedural complications.

Results A total of 21 patients comprising 21 intracranial aneurysms (20 unruptured, 1 ruptured) were treated with the Barrel
device and additional coiling of the aneurysm sac. All aneurysms were wide-necked, saccular bifurcation aneurysms defined
by a dome/neck ratio <2. Immediate complete occlusion (RROC1) was observed in 19/21 (90%). An intra-interventional
in-stent thrombus formation in two cases (10%) was medically resolved without neurological sequelae. A single case
of symptomatic in-stent stenosis (5%) was cleared by balloon angioplasty. Follow-up (FU) was available in 20/21 cases
(95%) after a median of 282 days (range: 17-591 days). At follow-up 19/20 aneurysms (95%) were completely occluded
(RROC1).

Conclusion The Barrel device showed a satisfactory safety profile and a promising rate of immediate and mid-term com-
plete aneurysm occlusion for stent-assisted coil embolization of wide-necked intracranial bifurcation aneurysms, warranting
further investigation of the device.
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Introduction

Endovascular coil embolization of ruptured and unruptured
intracranial aneurysms has evolved into the treatment of
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Fig.1 Silicon model of a wide-necked bifurcation aneurysm. The Bar-
rel Vascular Reconstruction Device (VRD) features a bulged, “belly-
like” center section that herniates over the ostium of the aneurysm and
can protect both parent vessels from coil protrusion. Exemplarily, the
red dots tag the position of the platinum proximal center marker, the
markers at the center section and the distal center marker (Fig. provided
by Medtronic)

across the aneurysm neck over time [7, 8]. This technique
yields higher rates of complete aneurysm occlusion while
maintaining similar complication rates compared to coiling
alone [9]; however, at times extensive techniques, e.g. the
kissing Y stent- [10], crossing Y stent- [11], T-stent-assisted
coiling [12], or x-stent assisted coiling [13] are required to
achieve complete and long-term occlusion. Unfortunately,
the high metal-to-artery ratio, bearing an immanent throm-
boembolic risk, is a main drawback of the aforementioned
advanced techniques.

The Barrel device (Barrel Vascular Reconstruction De-
vice VRD, Medtronic, Minneapolis, MN, USA) is a self-
expandable, laser cut stent, featuring a bulged center section
that herniates “belly-like” over the ostium of the aneurysm
as an adjunct to facilitate coiling of the sac of complex
wide-necked bifurcation and branching aneurysms (Figs. 1
and 2). The specific architecture of the Barrel allows the
abstention from the common need of a second microstent
resulting in a decrease of metal coverage and thrombogenic-
ity compared to the use multiple conventional microstents
[14].

Materials and Methods

We screened the longitudinal neurointerventional databases
of two tertiary care hospitals for all patients with wide-
necked bifurcation and branching aneurysms, defined by
a dome/neck ratio <2 that were treated with Barrel stent-
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assisted coil embolization on an intention-to-treat basis be-
tween June 2015 and September 2016. According to insti-
tutional guidelines, no ethics committee approval was re-
quired for this retrospective observational study. All imag-
ing and patient data were reviewed by two experienced con-
sultant neuroradiologists (C.K., C.L.). In addition, a third
reviewer (V.M.), consultant neuroradiologist with >5 years
of experience, who was not involved in the treatment, re-
viewed all imaging data independently and blinded.

The Barrel Vascular Reconstruction Device

The Barrel device is a laser-cut closed-cell microstent com-
posed of nitinol featuring a bulged center section, “the bar-
rel”, that herniates over the ostium of the aneurysm sac in
order to facilitate coiling. The device has 12 radio-opaque
platinum markers: one longer marker at the proximal tip,
one proximal and distal center marker, six markers at the
center section, that improve visibility especially in the mid-
portion of the device to enhance visualization during de-
vice deployment across the aneurysm neck and three distal
tip markers. The Barrel VRD is accredited to be deployed
in parent arteries with diameters between 2 and 4 mm. Ac-
cording to the size of the bulged center section diameter
(5-7.5mm) and length (5-8 mm) the device has a usable
length from 20-22 mm. The Barrel VRD is compatible with
any 0.021” microcatheter, is up to three times re-sheathable
over its full length and ultimately electrolytically detach-
able. To determine the appropriate size of the device, in
every case bifurcation span length was measured accord-
ing to the manufacturer’s guidelines: a diagonal line was
drawn from the distal shoulder of the aneurysm neck to the
opposite wall of the parent vessel (Fig. 2a).

Endovascular Technique

Every intervention was performed via a transfemoral ap-
proach with the patient under general anesthesia. A 6F
guiding catheter was introduced through a short femoral
sheath into the internal carotid or vertebral artery. In addi-
tion to standard bi-plane angiographic imaging, a three-di-
mensional rotational angiography was obtained for the pro-
cedural planning in every case. The appropriate Barrel VRD
was delivered through an 0.021” microcatheter (Prowler Se-
lect Plus, Cordis, Miami Lakes, FL, USA; Orion21 or Re-
bar18, Medtronic, Irvine, CA, USA) followed by probing
the aneurysm sac with a 0.017” microcatheter (Excelsior
SL10, Stryker, Fremont, CA, USA; Echelon10, Medtronic)
through the stent interstices in order to ultimately embolize
it with coils.
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Fig.2 Unruptured aneurysm of the basilar tip, fetal origin of the left posterior cerebral artery (PCA) (not shown); a anterior view shows a saccular
wide-necked aneurysm between right PCA and duplicated left superior cerebellar artery (SUCA). The white line represents the bifurcation span
length for determination of the appropriate size of the device; b unsubtracted anterior view illustrates the positioning of the Barrel VRD; ¢ anterior
view shows complete occlusion of the aneurysm after final coil embolization through the interstices of the device

Antiplatelet Regimen

In all cases of elective treatment, patients started 5 days
prior to the intervention with acetylsalicylic acid (ASA)
100mg and clopidogrel 75 mg daily. Platelet function test-
ing was performed immediately before the interventional
procedure by using ASA and P2Y12 assays (Verify Now,
Accumetrics, San Diego, CA, USA). A therapeutic platelet
inhibition level between 30%—60% for P2Y 12 and 350-550
aspirin reaction units (ARU) for ASA was basic prerequisite
before stenting. A life-long treatment with ASA 100 mg/day
and clopidogrel 75/day for 3 months was prescribed after
the procedure. A bolus of heparin (5000 IU) was applied af-
ter groin puncture, followed by aliquots of 1000 IU/h until
the end of the procedure. In the single case of emergency
treatment of an acutely ruptured, wide-necked basilar tip
aneurysm, tirofiban, dosage according to the manufacturer’s
recommendations, was administered immediately prior to
the deployment of the Barrel VRD. Next day, tirofiban was
discontinued after 24h and the antiplatelet regimen was
continued with life-long ASA and clopidogrel for 3 months
as described before.

Results
Procedural Data

A total of 21 intracranial aneurysms in 21 patients, 12 fe-
male and 9 male (median age 56 years, range 34-81 years)
were treated. Of the 21 cases 1 (5%) presented with a rup-
tured basilar tip aneurysm and subarachnoid hemorrhage
(SAH) Fisher grade 4, H&H grade 4 and was treated as
an emergency. All aneurysms were saccular wide-necked
bifurcation aneurysms. All aneurysms, except a precoiled
recurring aneurysm of the anterior communicating artery,

were virgin, previously untreated cases (95%). Barrel VRD
deployment was attempted 21 times and it was technically
feasible in all attempts (100%). Table 1 gives an overview
of the anatomical and technical data of the procedures. The
“jailing” technique was not performed; secondary to Barrel
deployment, in every case the aneurysm sac was probed
with microwire and 0.017” microcatheter through the inter-
stices of the stent and ultimately coiled.

Periprocedural Complications

In case no. 3 a thrombus formation inside the Barrel VRD
and in case no. 8 a peripheral M2 thromboembolism was
detected during the procedure. A prompt complete dissolu-
tion of the thrombi, without clinical sequelae, was achieved
after intra-arterial administration of abciximab.

Immediate Imaging Results

At the end of the procedure a complete aneurysm occlusion
(RROC1) was observed in 19/21 cases (90%), a residual
neck (RROC2) in 2/21 (10%) and no residual aneurysm
(RROC3). The wall adaptation of the Barrel stent was sat-
isfactory in all cases without the need for any adjunctive in-
stent balloon angioplasty. All aneurysms were embolized
with either Axium (ev3, Irvine, CA, USA) or Target coils
(Stryker, Fremont, CA, USA).

Angiographic-Follow-up

A DSA-based angiographic FU was available in 20/21 cases
(95%). The final FU was performed after a median of 282
days (range 17-591 days). In 19/20 cases (95%) FU angiog-
raphy depicted a complete aneurysm occlusion (RROCI)
and in 1 case (5%) a neck remnant without necessity of
retreatment. In quintessence, a relevant difference in FU
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Table1 Patient and aneurysm characteristics
No Aneurysm Neck Transverse Height D/N Barrel AE AE Previous RROC RROC RROC
location  size diame- (mm) Ratio  type permanent  Treat- post FUl FU2 (d)
(mm) ter sequelae ment/ (d) DSA
(mm) Additional DSA
infor-
mation
1 BA tip 4.2 7.5 7.0 1.8 3550 - - Acute 1 1 -
SAH, (201)
HH 4
2 BA tip 4.8 4.7 35 1.0 3560 - - - 1 1 -
(148)
3 Carotid-T 2.9 4.2 4.2 1.4 3550 in-stent No - 1 1(95) 1 (460)
thrombosis
MCA-Bif 2.0 35 4.6 1.8 3550 - - - 1 2 (96) 2 (196)
5 AcomA 4.2 8.0 6.0 1.9 3560 - - - 1 1 1(261)
(101)
AcomA 43 4.5 3.6 1.0 3550 - - - 1 2 (95) 1 (364)
AcomA 2.6 52 5.8 2.0 3550 - - - 1 1 (90) -
MCA-Bif 2.8 5.5 4.7 2.0 3550 M2-throm- No - 1 1(97) 1 (468)*
bus
9 BA tip 3.7 5.0 53 1.4 3550 - - - 1 1(92) 1 (519
10 AcomA 6.1 59 7.3 1.0 3560 - - - 1 1.(95) -
11 AcomA 3.8 4.5 4.0 1.2 3550 - - Coils 1 1.(93) 1(591)
12 BA tip 2.4 4.6 4.7 1.9 3550 - - - 1 1(17) -
13 BA tip 4.4 39 4.2 0.9 3550 - - - 1 1(47) 1(531)
14 BA tip 10.9 17.0 12.0 1.6 4580 - - - 2 1 -
(148)
15 Carotid-T 2.6 39 4.6 1.5 3550 - - - 1 1 (49) 1(144)
16 Carotid-T 7.4 6.5 9.6 0.9 4065 TIA, No - 1 1(62) 1 (310)
in-stent
stenosis
17 MCA-Bif 4.7 6.6 5.6 1.4 3550 - - - 1 1 1 (377)
(183)
18 MCA-Bif 2.2 22 2.0 1.0 3560 - - - 1 191) 1(302)
19 AcomA 4.1 6.2 5.6 1.5 3550 - - - 1 1.(94) 1 (423)*
20 AcomA 3.2 6.3 7.0 2.0 3550 - - - 2 2 (89) 1 (230)
21 BA tip 2.9 3.8 29 1.3 3550 - - - 1 - -

AcomA anterior communicating artery, AE adverse event, BA basilar artery, Bif bifurcation, (d) days, D/N dome/neck, DSA digital subtraction
angiography, MCA middle cerebral artery, SUCA superior cerebellar artery, T/A transient ischemic attack, RROC Raymond-Roy occlusion classi-

fication, FU follow-up
% magnetic resonance angiography (MRA)

grading between blinded and non-blinded reviewers could
not be detected (Tables 1 and 2).

Patient no. 16 presented with two episodes of tempo-
rary right body paresthesia 4 weeks after the procedure.
Magnetic resonance (MR) angiography demonstrated a sig-
nificant in-stent stenosis (70%) due to intimal hyperplasia.
While on dual antiplatelet treatment, in-stent balloon angio-
plasty was performed, leading to substantial improvement
of the stenosis and cessation of the relapsing temporary
neurologic symptoms without new clinical sequelae. The
FU DSA after 10 months showed full patency of the Barrel
stent and complete aneurysm occlusion (RROC1). Beyond
that, additional manifestations of in-stent stenosis/intimal
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hyperplasia were not recorded and none of the patients de-
veloped any new transient or permanent neurological deficit
immediately after the procedure or during follow-up.

Discussion

Stent-assisted coiling was initially developed for wide-
necked aneurysms on the hypothesis that a stent can pro-
vide the scaffold to hold the coils within the aneurysm sac
and prevent coil herniation into the parent vessel [15-17].
Furthermore, due to a minor flow diversion effect and
facilitation of neo-endothelialization of the stent, stent-
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Table2 Aneurysm characteristics (independent and blinded reviewer)

No. RROC RROC RROC
post FU1 FU2
DSA DSA

1 1 1 -

2 1 1 -

3 1 1 1

4 1 2 2

5 1 1 1

6 1 1 1

7 1 1 -

8 1 1 12

9 1 1 12
10 1 1 -

11 1 1 1

12 1 1 -

13 2 2 1

14 1 1 -

15 1 1 1

16 1 1 1

17 1 1 1

18 1 1 1

19 1 1 12
20 2 2 1

21 1 - -

RROC Raymond-Roy occlusion classification, FU follow-up, DSA dig-
ital subtraction angiography
# magnetic resonance angiography (MRA)

assisted coiling might promote delayed intra-aneurysmal
thrombosis leading to higher occlusion rates and less re-
currence compared to coiling alone [9]; however, in cases
of wide-necked bifurcation aneurysms that incorporate =2
parent vessels, coiling in combination with a single stent is
generally insufficient to protect the parent vessels from coil
protrusion and advanced techniques using two microstents
might be necessary, resulting in a high metal load and an
increased potential risk of thromboembolic complications
[9-11, 13]. Bartolini et al. reported a rate of 19% procedure-
related neurologic deficits and 10% permanent neurologic
deficits in a case series of 100 treated complex and wide
neck intracranial aneurysms with y-stent and x-stent as-
sisted coiling [13]. The Barrel VRD owing to its bulged
“belly-like” center section that herniates over the ostium of
the aneurysm enables the common need of a second stent to
be omitted resulting in a decrease of metal coverage. This
should theoretically lower the potential of thrombogenicity
compared to the use multiple conventional microstents [14];
however, in our small series, we detected a not insignificant
rate of 2/21 (10%) periprocedural thromboembolic events
that compares unfavorably to a recent study that focuses on
sole aneurysm coiling [6]. After medical dissolution, both
events did not lead to transitory or permanent neurologic

deficits. All elective cases were mRS O at final FU. The
immediate complete aneurysm occlusion rates (90%) and
at final FU (95%) compare favorably to y-stent and x- stent
assisted coiling studies [13, 18] and to a recently published
Barrel single center study [14].

Furthermore, in a single case (no. 16), we detected
a symptomatic, relevant in-stent stenosis (70%) due to
intimal hyperplasia that could be cleared by performing
balloon angioplasty without permanent clinical sequelae.
In-stent stenosis is a relatively well-known phenomenon
of atherosclerotic coronary artery stenosis treatment with
an incidence of 10-50% [19]; however, in intracranial
aneurysm treatment the stent is placed in a non-atheroscle-
rotic parent artery and findings might not be transmittable
[20]. In a study of 99 aneurysms that were treated with
stent-assisted coiling, Kim et al. could show that moderate
luminal narrowing due to intimal hyperplasia is not un-
common and appears to be a dynamic process that peaks
between 2—-8 months after stent placement and generally
resolves spontaneously without need of further treatment
[20]. Remarkably, in our case, the stenosis was detected
after a short time interval of only 4 weeks after Barrel
placement and under sufficient dual antiplatelet treatment.
As a new device, there is obviously limited knowledge of
the long-term effects of the Barrel stent on the cerebral
vasculature and it remains unclear whether our finding
represents an exceptional case or not, until a larger volume
of data becomes available.

The use of the Barrel VRD in the single case of an
acutely ruptured, wide-necked aneurysm that could not be
treated by coil embolization only (case no. 1), was feasible;
the procedure was conducted without technical or clinical
sequelae under antiaggregation with tirofiban in the acute
setting.

Other design strategies have recently emerged to assist
the coil embolization of wide-necked bifurcation aneurysms
with a single device: the pCONus (Phenox, Bochum, Ger-
many) is a electrolytically detachable stent-like device con-
sisting of a stent shaft that is positioned in the parent ves-
sel and its distal end part featuring four petals that open
outwardly inside the aneurysm sac, followed by final coil
embolization [21]. In an initial series of patients, treatment
with the pCONus turned out to be feasible with satisfactory
clinical and anatomical outcomes [22, 23]. The Pulse Rider
(Pulsar Vascular, San Jose, CA, USA) is an extra-aneurys-
mal “wing-like” device deployed outside the aneurysm in
the parent vessel bifurcation covering the aneurysm orifice.
Through the interstices of the Pulse Rider the aneurysm
can be probed with a microcatheter and finally coil em-
bolized [21]. Preliminary studies suggest the Pulse Rider to
be a feasible treatment option [24, 25] but its value has yet
to be elaborated.
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Our pilot study bears several limitations that have to
be taken into account when interpreting the results. These
are mainly caused by a small sample size and the hetero-
geneity of such small cohorts as presented here; all except
one case were virgin, previously untreated aneurysms. Case
no. 11 represents a pre-coiled recurrent aneurysm that was
retreated by Barrel stent-assisted coiling and might there-
fore differ in its clinical course. Angiographic outcomes
were not assessed by a core laboratory. This might bias
the interpretation of imaging results [26]. To diminish this
potential bias at least in part, all imaging data were re-re-
viewed independently by a blinded third experienced con-
sultant neuroradiologist, who was not involved in the treat-
ment. Finally, completion of long-term FU is warranted to
evaluate the occlusion and recanalization rate in comparison
to established techniques as double stent-assisted coiling.

Conclusion

In our preliminary series stent-assisted coiling of wide-
necked aneurysms with the Barrel VRD was feasible,
showed a satisfactory safety profile and a promising rate
of immediate and mid-term complete aneurysm occlusion
that compares favorably with standard double-stent-assisted
coiling, warranting further long-term investigation of the
device.
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