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Abstract
Background and Purpose—The Acclino is a laser-cut closed-cell microstent composed of nitinol. It
was developed for stent-assisted coiling of wide-neck intracranial aneurysms. The key feature of the stent is
its deployability via low-profile microcatheters with an inner diameter of 0.0165 inch, which are also suited
for coil deployment. The objective of this study was to evaluate the safety and feasibility as well as the
immediate and mid-term results of this new device.

Materials and Methods—Our database was screened for all Acclino-based stent-assisted intracranial
coil embolizations since its introduction to the European market in June 2012. Case files and imaging data
were retrospectively analyzed for angiographical and clinical outcome parameters, including immediate
and mid-term modified Raymond-Roy aneurysm occlusion classification (RROC) rates and procedural
complications.

Results—Fourteen patients comprising 14 aneurysms (9 unruptured and 5 ruptured) were treated with the
Acclino. All except for a dissecting one were wide-neck saccular aneurysms. Immediate complete occlu-
sion (RROC1) was observed in 8/14 cases (57%), a residual neck (RROC2) in 4/14 (29%), and a persistent
filling of the dome (RROC 3) in 1/14 cases (7%). An in-stent thrombus formation in one case (7%) was
medically resolved without neurological deficit. Follow-up was available in 9/14 cases (64%) after a mean
of 137 days (SD ± 50). All followed cases depicted a complete occlusion (RROC1).

Conclusions—The Acclino microstent showed a satisfactory safety profile and a promising rate of
immediate and mid-term complete aneurysm occlusion for stent-assisted coil embolization in wide-neck
intracranial aneurysms, warranting further investigation of the device.

 
Introduction
Endovascular coil embolization of ruptured and unrup-
tured intracranial aneurysms has evolved into the treat-
ment of choice in the majority of cases when compared
to surgical clipping [1–4]. Recently, Molyneux et al.,
showed that it yields superior long-term results concern-
ing death or dependency in comparison to clipping [5].
However, so-called complex aneurysms, being either
wide-necked, fusiform or giant ones remain challenging
entities; their recurrence rates are reported to be as high
as 30% after coil embolization with GDC coils alone
[6]. The balloon remodeling technique was introduced in
1990s to tackle these problems and has shown to be
effective within anatomical limitations posed by the

neck diameter of the aneurysm [7]. It remains to date a
valuable tool, especially in acutely ruptured aneurysms
[8,9]. Nevertheless, the advent of flexible intracranial
stents such as Neuroform (Boston Scientific, Natick,
MA), Enterprise (Cordis, Bridgewater, NJ), and LEO
(Balt Extrusion, Montmorency, France), which serve as
bridging-neck devices when combined with coiling,
broadened the range of aneurysms that can be occluded
by endovascular techniques [10,11]. These stents sup-
port the coils in the aneurysm sac, especially in wide-
necked aneurysms with unfavorable neck/sac ratios of
>0.7 and allow for higher coil-packing densities [12,13].
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Recently, a new generation of highly flexible intracra-
nial microstents has been introduced, for example, the
low-profile visualized intraluminal support (LVIS) devi-
ces (MicroVention, Tustin, CA), LEO+ Baby (Balt
Extrusion, Montmorency, France), and Acclino (Acan-
dis, Pforzheim, Germany).

Acclino gained CE marking for the European Union in
June 2012. The distinctive feature of the aforementioned
new generation of microstents is their compatibility with
the very small inner diameter of microcatheters that are
normally used for coiling, for example, 0.0165 ” for the
Acclino, rendering microcatheter exchange maneuvers
obsolete for the majority of cases. They can be deployed
in small cerebral arteries down to a diameter of 2.0 mm,
allowing for technically safe stenting and assisting in
coiling anatomically unfavorable aneurysms in more
distal vessel locations [14]. The Acclino can be
resheathed even when it has been deployed between 50–
90% of its maximum length, offering more versatility
during the placement.

Our aim is to report the initial technical and clinical
experience with the new Acclino stent in the treatment
of ruptured and unruptured intracranial wide-necked
aneurysms.

Materials and Methods
We searched our longitudinal neurointerventional data-
base for all patients with wide-neck aneurysms that were
treated with stent-assisted coil embolization comprising
the Acandis Acclino microstent on an intention-to-treat
basis between June 2012 and June 2014 and conducted a
retrospective analysis. According to institutional guide-

lines, no ethics committee approval was required for this
observational study. According to our institutional proto-
col, all patients underwent postinterventional cranial
computed tomography (CT) or magnetic resonance
imaging (MRI) 12–24h after the procedure. All imaging
and patient data were reviewed by two experienced
interventional neuroradiologists.

Acandis Acclino Stent System
Acclino is a laser-cut closed-cell microstent (Fig. 1).
Each end of the stent is flared and marked by three
radio-opaque tips, made of gold. A middle marker on the
transport wire improves visibility especially in the mid-
portion of the stent to enhance visualization during stent
deployment across the aneurysm neck. The microstent is
available in two different diameters (3.5 mm and 4.5
mm), each of them offered in different lengths (e.g., 15
mm, 25 mm, and 35 mm). The stent is compatible with
any 0.0165” microcatheter, which is typically navigated
distal to the aneurysm neck with a standard microguide-
wire. After removing the microguidewire, the stent is
introduced into the hub of the microcatheter, pushed
through the catheter and unsheathed and deployed across
the aneurysm neck by a typical push-and-pull maneuver.
In case of an incorrect or unsatisfactory placement, the
Acclino stent allows for a resheathing even if it was
deployed between 50–90% of its total length. The mesh
pore size is 1.8 mm which makes an exchange for a coil-
ing catheter obsolete; the target aneurysm can be probed
immediately with the same microcatheter in order to
ultimately embolize it with coils.

Endovascular Technique
Every intervention was performed via the transfemoral
approach under general anesthesia. A 6F guiding cathe-

Figure 1. Acclino microstent in vitro.
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ter (Envoy MPC, Codman, Raynham, MA) was intro-
duced through a short femoral sheath into the internal
carotid or vertebral artery, respectively. In addition to
standard bi-plane angiographic imaging, a three-dimen-
sional rotational angiography was obtained in each case
for the procedural planning. We then selected an appro-
priate Acclino microstent according to the parent vessel
diameter and the width of the aneurysm neck. The man-
ufacturer recommends the smaller diameter stent (3.5
mm) for parent vessel diameters between 2 mm and 3
mm and the larger one (4.5 mm) for parent vessel diam-
eters between 3 mm and 4 mm. We selected the length
of the utilized stent in a way that it ensured a coverage
of at least 7 mm before and beyond the proximal and
distal limit of the individual aneurysm neck. Different
types of microcatheters were used for stent delivery (up
to the respective operator's preference): NeuroSlider 17
(Acandis, Pforzheim, Germany), Headway 17 (Micro-
Vention, Tustin, CA), Nautica and Rebar 18 (ev3, Irvine,
CA).

Antiplatelet Regimen
In case of an elective coiling procedure, patients started
5 days prior to the intervention with ASA 100 mg and
clopidogrel 75 mg daily after an initial loading dose of
300 mg clopidogrel. Platelet function testing was per-
formed on all elective patients immediately before the
intervention by using ASA and P2Y12 assays (Verify-
Now, Accumetrics, San Diego, CA). A platelet inhibi-

Figure 2. Initial subtracted image depicting a bi-lobed
BA-tip aneurysm.
 

tion level between 30–60% for P2Y12 and 350–550
ARU for ASA was required before stenting. A life-long
treatment with ASA 100 mg/d was prescribed for the
postinterventional period and clopidogrel 75 mg/d for 4
months.

In case of an emergency treatment of an acutely ruptured
wide-neck aneurysm, we administered either 500 mg
ASA or tirofiban hydrochloride intravenously during the
procedure before stent deployment. After excluding a
progression of the subarachnoid hemorrhage (SAH) in a
cranial control CT 12–24h after the procedure patients
were loaded with 300 mg clopidogrel in addition to 100
mg of ASA; any tirofiban hydrochloride infusion was
discontinued beyond 24h. Next day, the regimen was
continued with life-long ASA 100 mg/d and clopidogrel
75 mg/d for 4 months.

Results
Procedural Data
A total of 14 aneurysms in 14 patients, 12 female and 2
male (median age 48 years, range 33-79 years) were
treated. Five of 14 cases (36%) presented with ruptured
aneurysms and SAH and were emergency treatments.
All aneurysms except for one (ruptured dissecting
PICA-aneurysm, case No. 14) were saccular wide-
necked ones. The Y-stenting technique was utilized in
3/14 procedures. Overall, an Acclino microstent delivery
was attempted 17 times (11 single microstent and 3 dou-
ble microstent procedures); it was technically feasible in
16/17 attempts (94%). In one elective procedure (case
No. 2), the Acclino microstent could not be unsheathed;
it was not possible to withdraw the microcatheter with
reasonable force. Consequently, we withdraw the micro-
catheter with the Acclino stent and switched to an Enter-
prise stent for that procedure, which proceeded unevent-
fully. Table 1 gives an overview of the anatomical and
technical data of the procedures. The “jailing” technique
with a second microcatheter was performed in 2/14
cases; in the remainder the stent-delivering microcath-
eter was used with a microwire for directly probing the
aneurysm sac through the stent interstices.

Complications
In case No. 6, an elective procedure, a thrombus forma-
tion was detected inside the first Acclino stent during Y-
stenting, although the patient had been prepared regu-
larly with double antiplatelets and had also shown a
favorable response in the preinterventional testing. It
could be resolved without clinical sequelae by adminis-
tration of i.v. tirofiban (maintained for 24h).
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Immediate Imaging Results
Pertaining to the Acclino microstent, a complete occlu-
sion (RROC1) at the end of the procedure was observed
in 8/14 cases (57%). We saw a residual neck (RROC2)
in 4/14 (29%) and a persistent filling of the dome
(RROC 3) in 1/14 cases (7%). The case with the Enter-
prise stent was RROC 1. The wall adaption of the
Acclino was satisfactory in all cases without a need for
any adjunctive in-stent PTA. All aneurysms were embol-
ized with either Axium (eV3, Irvine, CA) or Target coils
(Stryker, Fremont, CA).

No patient showed signs of new cerebral ischemia or
hemorrhage in the postinterventional cranial CT or MRI
imaging.

Angiographical Follow-Up
DSA-based angiographical follow-up was available in
9/14 cases (64%), performed after a mean of 137 days
(SD ± 50). In all followed cases, DSA depicted a com-
plete occlusion (RROC1). We observed no in-stent
stenosis/intimal hyperplasia in these controls. Clinically,
none of the patients developed any new transient or per-
manent neurological deficit during follow-up.

Illustrative Case
Acclino-assisted coil embolization of an acutely rup-
tured BA-tip aneurysm.

Discussion
The Acandis Acclino is a laser-cut, closed-cell micro-
stent deliverable via low-lumen microcatheters, offering

the potential to facilitate the stent-assisted intracranial
aneurysm coiling procedure. Its closed-cell design
allows thereby for a retrieval and repositioning as long
as it is not fully deployed, which is a substantial advant-
age compared to other available intracranial stents.

Figure 3. Unsubtracted image; Acclino stent markers
from left P1-Segment into BA, covering the aneurysm
neck. 1St microcatheter jailed in the right sided lobe of
the aneurysm while the microstent delivery catheter has
been navigated into the aneurysm, ready to deliver the
1st coil.
 

 

Table 1. Procedural data
Case

 
Modal-
ity

 

Loca-
tion

 

Geom-
etry

 

Neck (mm)
 

Dome width (mm)
 

Treat-
ment

 

Jail-
ing

 

AE
 

Seque-
lae

 

RROC I (mm).
 

RROC FU (days)
 

Size (mm)
 

1 Elec-
tive

MCA wn 3 2.5 S No IIIa I (101) 3.5 × 25

2 Elec-
tive

MCA wn 4 4 S No Del. fail-
ure

None I ENTP

3 SAH BA wn 7 6 S No II I (169) 4.5 × 25
4 Elec-

tive
MCA wn 5 5 S Yes I I (97) 3.5 × 25

5 Elec-
tive

BA wn 4 3 S No I I (96) 3.5 × 25

6 Elec-
tive

MCA wn 3 2 Y No Throm-
bus

None I I (96) 3.5 × 25

7 Elec-
tive

BA wn 3 2 S No II I (38) 4.5 × 35

8 Elec-
tive

Acom wn 4 3 S No II I (183) 3.5 × 25

9 Elec-
tive

MCA wn 3 2 S Yes I I (56) 3.5 × 25

10 SAH Acom wn 4 3 S No I 3.5 × 15
11 Elec-

tive
MCA wn 6 5 S No II I (188) 3.5 × 20

12 SAH Acom wn 4 3 Y No I 3.5 × 25
13 SAH BA wn 4 3 Y No I 3.5 × 25
14

 
SAH

 
PICA

 
dis

 
3

 
2

 
S

 
No

 

  

I
 

 

3.5 × 25
 

wn: wide-neck; AE: adverse event; del. failure: delivery failure of the Acclino microstent; ENTP: Enterprise stent
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In the current study, the device delivery and placement
turned out to be technically feasible with a technical suc-
cess rate of >90%. It can be safely utilized in the ante-
rior and posterior cerebral circulation, offering a viable
alternative to the first generation of intracranial stents
for the treatment of wide-neck aneurysms, especially in
parent arteries with small lumen diameters (e.g., down to
2 mm). We were also able to treat acutely ruptured wide-
neck aneurysms successfully with the Acclino.

The complication rate of 1/14 cases (7%) was accepta-
bly low and did not lead to a permanent neurological
deficit. The complication rate was lower compared to
the one reported recently for the LVIS Jr. (15%) in a ser-
ies of 32 patients with a similar proportion of ruptured
cases and Y-stenting [14]. In our series, we observed no
treatment-related postinterventional morbidity and mor-
tality, neither in the electively nor in the acutely treated
patients. All postinterventional imaging studies excluded
procedure-related ischemia or hemorrhage.

Follow-up DSA imaging was available for the majority
of patients and showed an unusually high rate of com-
plete occlusions (100% RROC 1). Although promising,
this result has to be interpreted cautiously as it is most
probably attributable to the small size of our cohort and
needs verification in larger studies. Five patients of our
cohort have not yet been followed because they were
recently treated; all of them featured though a total

Figure 4. Subtracted image of final result, showing
RROC 1 occlusion.
 

occlusion (RROC1) at the end of the procedure. Poncyl-
jusz et al., reported a rate of 82% RROC 1 occlusions
during FU in their LVIS series [15]; Fiorella et al., were
able to confirm these results in the US Humanitarian
Device Exemption Study of the LVIS (75% RROC 1
during FU) [16]. Data on the LEO+ Baby and the
Acclino is scarce; to date there are no larger case-series
available (January 2015, Pubmed query). A broad range
of data is available for the first-generation intracranial
stent devices Neuroform and Enterprise, which are
potential alternatives, depending on the individual anat-
omy and diameter of the parent vessel of the wide-neck
aneurysm to be treated. Recently, King et al., presented a
comprehensive review of the available literature about
stent-assisted coiling in wide-neck aneurysms with the
Neuroform and Enterprise stents [17]. In more than 2000
procedures with each stent, the Enterprise demonstrated
statistically significant superior results compared to the
Neuroform in terms of less deployment failures (0.2%
vs. 2.3%), less peri-procedural intracranial hemorrhage
(1.6% vs. 3.4%) and a higher rate of complete occlu-
sions (74.7% vs. 61.1%) during a mean FU of 14.1
months (SD ± 10). A comparison of these results with
the performance of the newer intracranial microstents
has to be conducted carefully, as the range of indications
is not totally the same. The microstents can be placed
more distally in the intracranial vasculature, which may
give rise to new challenges in terms of technical and
clinical complications and long-term results. If we com-
pare the initial results of the Acclino and the LVIS with
their predecessors, we should compare them with the
Enterprise, which is also a closed-cell stent in contrast to
the open-cell design of the Neuroform. Accordingly, our
preliminary FU occlusion rates of the Acclino and the
available rates for the LVIS seem to be in the same
range with the Enterprise, which in our opinion warrants
further investigation of these new microstents in larger,
preferably multicentric studies as endovascular coiling
has become the standard therapy for the majority of
intracranial aneurysms.

Conclusion
In this initial clinical study of the Acandis Acclino
microstent for stent-assisted endovascular coil emboliza-
tion in wide-neck intracranial aneurysms, we observed a
satisfactory safety-profile and a promising rate of DSA-
confirmed immediate and mid-term complete aneurysm
occlusion, warranting further investigation of the device.

Abbreviations
ASA Acetylsalicylic acid
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Acom Anterior communicating artery

BA Basilar artery

CT Computed tomography

DSA Digital subtraction angiography

GDC Guglielmi detachable coils

MCA Middle cerebral artery

MRI Magnetic resonance imaging

PICA Posterior inferior cerebellar artery

RROC Raymond-Roy occlusion classification

SAH Subarachnoid hemorrhage
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