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Abstract

Background and Purpose: Stent retrievers are currently dis-
placing ‘classical’ thrombectomy devices for recanalization
in acute ischaemic stroke. The aim of our study was to show
the procedural efficacy and safety of the Solitaire stent re-
triever as part of our multimodality endovascular approach
in the treatment of ischaemic stroke. Methods: Between
March 2008 and December 2009, 104 patients [53 females
(51%), 51 males (49%), mean age 67.3 years (range 31-96)]
with 108 territorial occlusions were treated with the Solitaire
stentalone or in conjunction with other endovascular stroke
devices. All patients were referred to our service after clinical
evaluation by a team of stroke neurologists as part of our
standard treatment algorithm with 0.9 mg/kg i.v. recombi-
nant tissue-type plasminogen activator and endovascular
continuation of treatment in CT angiography-proven main
branch occlusion. The time of angiography was defined as
the moment of groin puncture. Final reperfusion success
was rated according to the Thrombolysis in Cerebral Infarc-
tion (TICI) scale; the first persistent Thrombolysis in Myocar-

dial Infarction (TIMI) 2/3 reperfusion was used for time-to-
reperfusion measures. Results: Fifty-eight patients were
treated in conjunction with intravenous lysis, 32/104 re-
ceived intra-arterial lytics. Twenty-five territories were treat-
ed with the Solitaire alone; the remaining 83 were treated
with a combination of mechanical thrombectomy devices or
aspiration thrombectomy followed by or in conjunction with
the Solitaire. The most frequent combination was a proximal
aspiration/distal access catheter and Solitaire (62/108). In
15/108 procedures, temporary stenting without thrombec-
tomy was performed. Eighty-three successful thrombecto-
my attempts were performed in the remaining 93 territories.
The mean number of Solitaire passes was 2.46 (median 2,
max. 12). The mean time from onset to reperfusion was 265
min (range 56-1,031), median 230 min; the mean angio-to-
reperfusion time was 47 min (5-186), median 38.5 min. A
subanalysis showed a significant reduction of the angio-to-
reperfusion time when the Solitaire was used (48.7 vs. 68
min). The rate of final TICI 2b/3 reperfusion was 79% for the
anterior and 77.9% for the posterior circulation (TIMI 2/3 for
both: 92.5%). During or after the first deployment of the Sol-
itaire, 72.8% showed TIMI 2/3 reperfusion. The mean Nation-
al Institute of Health Stroke Scale score on admission was
15.3 and decreased by 7.8 points at clinical discharge. The
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overall mortality at discharge was 16% in the anterior and
47.8% in the posterior circulation group. There were 2 cases
of periprocedural intracranial haemorrhage, unrelated to
the Solitaire, 6 patients had evidence of subarachnoid haem-
orrhage, 2 potentially related to the Solitaire deployment. In
4/108 territories, thrombus migration to previously unaffect-
ed territories was noted. Vasospasm was seen in 13% of the
target vessels. One device was inadvertently detached dur-
ing retrieval. All these complications had no clinical conse-
quence. Conclusions: Our single-centre experience proves
the technical feasibility and safety of the Solitaire for the
treatment of acute intracranial vessel occlusion and ap-
proves previous reports with smaller patient numbers. Fur-
ther multicentre studies with a randomized and prospective
design will be necessary to verify the results.

Copyright © 2012 S. Karger AG, Basel

Introduction

Stroke accounts for 10% of all deaths worldwide [1].
Affecting many patients under the age of 60 years, it is the
leading cause of long-term disability and also the most
expensive one [2, 3].

Efficacy of intravenous thrombolysis with recombi-
nant tissue plasminogen activator (rtPA) has been proven
in many clinical trials [3-12]. However, it is largely ac-
cepted that the benefit of intravenous thrombolysis is low,
particularly in patients with an occlusion of a major in-
tracranial vessel [13, 14].

The superiority of intra-arterial application of tPA
over low-dose heparin with regard to a complete or par-
tial recanalization (66 vs. 18%) and a good clinical out-
come (40 vs. 25%) has been proven in the Proact II study
[15]. Several trials indicate the efficacy of mechanical
thrombectomy, alone or in combination with intrave-
nous and intra-arterial application of tPA [6, 15-19].
During the past few years, so-called stent retrievers have
more and more displaced ‘classical’ thrombectomy de-
vices [20, 21]. The Solitaire FR (ev3, Irvine, Calif., USA)
is the first fully retrievable nitinol stent dedicated for
acute stroke treatment. It may serve as a temporary en-
dovascular bypass in acute stroke and can be complete-
ly removed potentially acting as a thrombectomy device
when removed fully or partially deployed. We report on
our experience with the Solitaire device as part of our
multimodality endovascular approach in the treatment
of ischaemic stroke.

Endovascular Treatment of Acute ICA
Occlusions with the Solitaire Stent

Methods

Patients

We retrospectively evaluated all consecutive 104 patients
(108 territorial occlusions) who underwent endovascular recan-
alization of intracranial vessel occlusion with the Solitaire stent
alone or in conjunction with other endovascular stroke devices
between March 2008 and December 2009 at our stroke centre
(Klinikum rechts der Isar, Technical University of Munich, Ger-
many). All patients were referred to our service after clinical
evaluation by a team of stroke neurologists as part of our stan-
dard treatment algorithm with 0.9 mg/kg iv. rtPA (within 3 h
initially, 4.5 h after the results of ECASS III [18]) and endovas-
cular continuation of treatment in a main branch occlusion [in-
ternal carotid artery (ICA), middle cerebral artery (MCA), distal
vertebral artery (segment V4), anterior cerebral artery (ACA)
and basilar artery]. The final reperfusion success was rated by
three independent physicians (T.L., S.S., H.L.) based on the
Thrombolysis in Myocardial Infarction (TIMI) [22] and the
TICI (Thrombolysis in Cerebral Infarction) scales [23]. The be-
ginning of angiography was defined as the moment of the femo-
ral artery puncture, and the first persistent TIMI2/3 reperfusion
result was used for time-to-reperfusion measures. Control CT
scans after 18 h or more were rated for the presence of infarct
and signs of haemorrhage. A symptomatic haemorrhage was de-
fined as an increase of =4 points on the NITHSS (National Insti-
tute of Health Stroke Scale). Postprocedural outcome was rated
as NIHSS score at hospital discharge.

Procedure

Treatments were not randomly assigned. All procedures were
performed under general anaesthesia. Patients with an occlusion
of a major intracranial artery [terminal ICA, MCA (M1 or M2
portion), basilar artery and/or the intracranial portion of the ver-
tebral artery, ACA] as proven by CT angiography and without
signs of beginning infarct demarcation on unenhanced CT scan
were systematically allocated to the intra-arterial procedure.

All patients within a time window of 3 h until May 2009 and
4.5 h thereafter (ECASSIII [6]) who had no contra-indications for
systemic lysis (e.g. anticoagulative medication, history of intra-
cranial haemorrhage, history of recent surgery) were treated with
intravenous rtPA. Intravenous thrombolysis was stopped with the
femoral puncture. The maximum dose of intravenous rtPA was
0.9 mg/kg.

All procedures were performed on a biplane angiography ma-
chine (Philips, Best, The Netherlands). No heparin was applied
during the procedures. For patients with an occlusion in the an-
terior circulation, an 8-Fr sheath (Vista Brite tip, Cordis, Bridge-
water, N.J., USA) was brought into the proximal ICA coaxially
over a long 5-Fr Sidewinder SIM-2 catheter, which was removed
afterwards. In cases of a vertebrobasilar occlusion, a 6-Fr guiding
catheter (Envoy, Codman, Raynham, Mass., USA) was placed into
the vertebral artery assisted by a 0.035-inch guide wire. An aspi-
ration catheter — either a distal access catheter (Concentric,
Mountain View, Calif., USA) or a Penumbra Aspiration catheter
(Penumbra Inc., Alameda, Calif., USA) was placed distally in the
ICA or vertebral artery. A non-heparinized saline solution was
continuously flushed through the catheters during the procedure.
The target vessel was navigated with a 0.014-inch Synchro mi-
crowire (ev3 Inc.) and either a 0.027-inch Rebar (ev3 Inc.) or a
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0.021-inch Prowler select microcatheter (Codman). After passage
of the clot and placement of the microcatheter distal to it, as veri-
fied by intra-arterial contrast medium injection, the initial
thrombectomy device was advanced through the microcatheter,
which in 83/104 patients was not the Solitaire but one of the de-
vices labelled for use in ischaemic stroke under the CE mark at the
time (Phenox clot retriever, MERCI, Penumbra). With regard to
the Solitaire stent, the microcatheter was pulled back to unfold the
Solitaire device completely and increase the volume of the distal
access catheter for aspiration. The device was normally placed
with the proximal third within the thrombus. A control angio-
gram was performed after successful unfolding of the stent device
to evaluate re-establishment of flow. Afterward, the device was
pulled back in its unfolded state under continuous aspiration with
a 50-ml syringe into the distal access catheter sheath. After re-
moval of the device, another 50 ml was aspirated from the guiding
sheath to prevent re-embolization of a possibly migrating clot.
This procedure was repeated until a final TICI score of 2b or 3 was
reached but no more than 5 passages (with exception of 12 passes
in a basilar artery occlusion) were used in a single vessel, the aver-
age number of passes being 2.46.

If the patient had a tandem occlusion of the proximal ICA,
then angioplasty and stenting were performed in order to obtain
access prior to distal mechanical thrombectomy.

Results

Patient Data

All 104 patients presented with acute stroke symptoms
and had an occlusion of a major intracranial vessel,
proved by CT angiography (fig. 1). In 4 patients, 2 vessels
(MCA and ACA) were affected. Among the 108 evaluated
recanalizing procedures, there were 18 (16.7%) occlusions
of the distal ICA, 54 (50%) of the M1 portion and 6 (5.6%)
of the M2 portion of the MCA, 24 (22.2%) of the basilar
artery and/or the intracranial portion of the vertebral ar-
tery (V4 segment) and 6 (5.6%) of the ACA (table 1). Al-
together, 81 patients (43 females, 38 males, mean age 65.8
years, min. 31, max. 96) had an occlusion pattern of the
anterior circulation and 23 patients (10 females, 13 males,
mean age 72.8 years, min. 49, max. 90) a vessel occlusion
in the posterior circulation.

The mean NIHSS score on admission was 15.3 (stan-
dard deviation 5.1, min. 2, max. 27) for the anterior and
16.1 (standard deviation 11.2, min. 3, max. 42) for the
posterior circulation.

Fifty-eight of the 104 patients were treated in conjunc-
tion with intravenous thrombolysis, 32/104 received in-
tra-arterial rtPA.

Procedural Data and Angiographic Results
Initially, all Solitaire applications were performed on
a compassionate use basis after approved systems or local
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Table 1. Localization of the target vessels

ICA-T M1 M2 ACA VA-BA

18 54 6 6 24

ICA-T = Terminus of ICA; M1 and M2 = first and second por-
tions of the middle cerebral artery; VA = vertebral artery; BA =
basilar artery.

Table 2. Percentage of recanalization success according to the
TICI scale

TICIO TICI 1 TICI 2a TICI2b TICI3
(n=6) (n=2) (n=15) (n=32) (n=52)
21% 79%

intra-arterial thrombolysis had failed. With growing ex-
perience and due to the fact that interim analysis of our
data had shown superior results with this technique, the
stent was used as a first line or in combination with aspi-
ration thrombectomy more often. Eighty-three proce-
dures were performed with a combination of mechanical
thrombectomy devices or aspiration thrombectomy fol-
lowed by, or in conjunction with, the Solitaire. Twenty-
five territories were treated with the Solitaire alone
(monomodal). Fifty-two patients were treated with 2 de-
vices (bimodal), 18 with 3 (trimodal), and in 15 patients
4 or more devices were used. The most frequent combina-
tion was the Solitaire with a proximal Penumbra aspira-
tion catheter (42 procedures) or a distal access catheter
(20 procedures). In 1 case, the lesion could not be reached
with any device due to vessel tortuosity.

In the earlier 15 of 108 Solitaire procedures, temporary
stenting without thrombectomy was performed. In the
remaining 93 territories, 83 thrombectomy attempts were
successful and 10 were unsuccessful. The mean number
of Solitaire passes was 2.46 (median 2, max. 12). The
mean time from onset to reperfusion was 265 min (56—
1,031, median 230 min); the mean angio-to-reperfusion
time was 47 min (5-186, median 38.5 min).

In the anterior circulation 64 (79%) recanalization re-
sults were rated as TICI 2b or TICI 3 (table 2). In detail,
there were 6 (7.4%) TICI 0, 1 TICI 1 (1.2%), 10 TICI 2a
(12.3%), 24 TICI 2b and 40 TICI 3 (49.4%) results. Seven-
teen recanalizations in the posterior circulation were
TICI 2b/3 results (77.9%). In detail, there was no TICI 0
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Fig. 1. a Angiography (ap view) demonstrates occlusion of the proximal right middle cerebral artery (MCA),
b immediate reperfusion after deployment of a Solitaire AB 4/20 (** indicating the proximal and * the distal
stent marker), ¢ TICI 3 recanalization after retrieval of the Solitaire, d the Solitaire device after clot removal.

result, 1 TICI 1 (4.3%), 5 TICI 2a (21.7%), 7 TICI 2b
(30.4%) and 10 TICI 3 (43.5%).

Altogether, the rate of final TIMI 2/3 recanalization
was 92.5%. During or after the first deployment of the
Solitaire, 72.8% showed at least a TIMI 2 reperfusion.

A TICI 2b/3 result was reached significantly more of-
ten when intravenous lysis was performed before endo-

Endovascular Treatment of Acute ICA
Occlusions with the Solitaire Stent

vascular treatment (85.4 vs. 65.8%, p = 0.02, Fisher’s exact
test).

In 10 procedures, an underlying intracranial stenosis
had to be treated with stent and angioplasty. Seven Soli-
taire stents were placed permanently and in 14 cases, self-
expanding stents other than Solitaire were applied. Stent
and angioplasty of the proximal ICA were necessaryin 15

Cerebrovasc Dis 2012;34:70-77 73

Color version available online



procedures, to access the target vessel, owing to an acute
occlusion of the ICA. These patients received an addi-
tional 500 mg of intravenous acetylsalicylic acid before
stent deployment and a loading dose of 300 mg clopido-
grel right after the treatment to protect the ICA stent.

In 4 of 108 procedures (3.7%), thrombus migration to
previously unaffected territories was noted. Vasospasm
was seen in 14/108 (13%) of the target vessels. One device
was inadvertently detached during retrieval. There were
3 dissections of the target vessel. All these periprocedur-
al complications had no negative clinical influence.

Clinical Outcome

An NTHSS score was available in 71 patients of the an-
terior and in 19 patients of the posterior circulation group.

The mean NIHSS score in the anterior circulation was
8.3 (standard deviation 5.7, min. 0, max. 22) after the
treatment (15.3 at admission) and 7.0 (standard deviation
7.0, min. 0, max. 25.0) after treatment (16.1 at admission)
in the posterior circulation.

Improvement of NIHSS scores was significant for 37
patients (52.1%) in the anterior and for 5 patients (25%) in
the posterior circulation group. Improvement of NIHSS
scores was not significant for 34 (47.9%) in the anterior
and for 14 patients (75%) in the posterior circulation
group.

Opverall, the mean NIHSS score decreased by 7.8 points
at the time of hospital discharge.

The overall mortality at discharge was 13/ 84 (15.5%)
for the anterior and 11/23 (47.8%) for the posterior circu-
lation group.

There were 2 cases of symptomatic periprocedural in-
tracranial haemorrhage, both due to a perforation with
the separator of the Penumbra device, but unrelated to
the use of the Solitaire; 6 patients had evidence of sub-
arachnoid haemorrhage, 2 of them potentially related to
the Solitaire deployment, 3 due to microwire perforation
and 1 for unknown reasons. All subarachnoid haemor-
rhages did not lead to severe clinical symptoms.

Subanalysis: Angio-to-Reperfusion-Time

During the initial period of introducing the Solitaire
into our stroke treatment strategy, patients were still
treated with other established thrombectomy systems.
After the Solitaire had been proven to be superior to
those, only very few patients were treated without the Sol-
itaire. During the transition time, which was defined as
the time between the first patient treated with the Soli-
taire and subanalysis of two patient groups who were
treated by means of mechanical thrombectomy during
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the introduction period of the Solitaire (41 patients treat-
ed without and 47 patients treated with the Solitaire), we
found a significant reduction concerning the mean re-
canalization time: the mean angio-to-reperfusion time
was 68.0 min (standard deviation 49.5, median 63, min.
17, max. 307 min) and 48.7 min (standard deviation 30.8,
median 44, min. 5, max. 140 min) in the 47 patients who
were treated with the Solitaire (Mann-Whitney U test:
p = 0.021). The mean angio-to-reperfusion time for all 88
patients in our subanalysis was 57.7 min (standard devia-
tion 41.5, median 53.0, min. 5, max. 307).

Discussion

Successful reperfusion is the most important factor
determining the beneficial effects of any kind of stroke
treatment [24]. Over the past few years, a number of dif-
ferent endovascular devices have been designed and
proven to be efficient for recanalization of intracranial
vessel occlusion. Recently, self-expanding stents and so-
called stent retrievers have been introduced as a promis-
ing alternative to ‘classical’ thrombectomy as they seem
to offer considerable advantages over them.

The Merci trial showed a good revascularization rate
(TIMI 2 and 3) of 57.3% with the Merci device itself and
of 69.5% in combination with intra-arterial thrombolysis
[17]. In the Penumbra pivotal trial, the rate of revascular-
ization was reported to be 81.6%. [18]. The available data
on stent retrievers is limited, but the recanalization suc-
cess that can be achieved with them seems to be higher
compared to classical thrombectomy: in the series of 20
patients with a vessel occlusion in the anterior circula-
tion, Castafio et al. [25] achieved a TICI 2b or 3 recanali-
zation in 90% (18/20) within 8 h using the Solitaire de-
vice; Roth et al. [26] reported a successful TICI 2b/3 re-
vascularization rate of 90.2% (20/22) in 22 consecutive
patients with acute cerebral artery occlusions using the
Solitaire. The recanalization rates in our study are similar
to these series and comparable to the results of the re-
ported results with self-expanding stents [27-31]: a good
recanalization rate was achieved in 79% when assessed
with the TICI scale (TICI 2b/3) and 92.5% when assessed
with the TIMI score (TIMI 2/3).

With time to reperfusion being known as the other
important predictor for a good clinical outcome [32, 33]
a potential drawback of conventional thrombectomy is
that reperfusion is achieved only after the entire throm-
bus has been removed from the occluded segment and
thus towards the end of the procedure. Therefore, one
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major advantage of stents is that they can displace the clot
and create a channel that allows for immediate reperfu-
sion of the dependent territory, thus potentially shorten-
ing the angio-to-reperfusion time. Despite promising re-
sults with reperfusion results of up to 100% in single re-
ports [12, 27-30, 34], permanent stenting mandates the
use of long-term platelet inhibition and may thus increase
the inherent risk of symptomatic intracranial haemor-
rhage or bleeding complications during secondary inter-
ventions such as decompression craniotomy. Also, there
has to be concern about early rethrombosis because the
clot is not removed, but stented to the vessel wall through
the stent struts. Self-expanding stents as the Enterprise
stent (Cordis) can be used as a temporary endovascular
bypass when not fully deployed, as first described by Kel-
ly et al. [33] in 2008. Initially designed for stent-assisted
coil embolization of wide-necked aneurysms [35-37], the
Solitaire AB was the first fully retrievable (even when
completely deployed) self-expanding stent that has been
used for recanalization of intracranial vessel occlusion.
The Solitaire FR is the certified version for thrombecto-
my. Recently, technical safety and efficacy for stroke
treatment have been described in animal studies and
small trials for the Solitaire AB and the Solitaire FR [38-
41].

In the series of Castafo et al. [25], the mean number
of passes for maximal recanalization was 1.4 with a me-
dian time from groin puncture to recanalization of 50
min (3-71). Roth et al. [26] achieved an immediate flow
restoration in 21 of 22 (95.4%) cases after deployment of
the device. The mean time from stroke symptom onset to
recanalization was 277 min, with a standard deviation of
118 min. Similar to the results of Castafio et al. and Roth
et al., in our study the mean onset-to-reperfusion time
was 265 min (min. 56, max. 1,031; median 230 min), and
the mean angio-to-reperfusion time was 47 min (min. 5,
max. 186; median 38.5 min). Immediate flow restoration
was achieved after the first deployment in 72.8% in our
series (table 3). A subanalysis of 88 patients in our series
showed a significant reduction of the reperfusion time
when the Solitaire was used.

Differently from the reports of Castafio et al. and Roth
et al., we saw occlusion of previously unaffected vessels
due to loss of thrombotic material during the withdrawal
of the Solitaire device in only 4 of 108 procedures, but
could open all of them with the Solitaire stent later on.
These cases were not treated in conjunction with a distal
access/aspiration catheter, and loss of thrombus to a pre-
viously unaffected vessel has never occurred after we
started to use distal aspiration.

Endovascular Treatment of Acute ICA
Occlusions with the Solitaire Stent

Table 3. Reperfusion rate (n) after first, second and third deploy-
ments of the Solitaire

Deployment

Ist 2nd 3rd
TICI 2a 45 34 15
TICI 2b 12 8 11
TICI 3 8 1 5

Withdrawal of the stent could be performed easily in
all cases. Only 1 Solitaire stent could not be delivered to
the lesion due to extraordinary tortuosity of the vascula-
ture, and the lesion could also not be reached with any
other device. In 1 case, inadvertent detachment of the
Solitaire occurred.

The rate of symptomatic intracranial haemorrhage af-
ter the procedure (2/108; 1.9%) in our series is lower than
the reported rate of 5-22% in previous studies on intra-
cranial stents/stent retrievers [27, 42, 43]. In both of our
cases, intracranial haemorrhage was not related to the
Solitaire, but due to a perforation with the Penumbra sep-
arator. We had 6 cases with proven subarachnoid haem-
orrhage, 2 of them potentially related to the Solitaire de-
ployment, 3 due to microwire perforation and 1 for un-
known reasons.

The possibility of vasospasm when withdrawing an
unfolded stent has been described previously [43] and oc-
curred in 14 of our 108 cases, all without any negative
consequence for the patient. We did not see any dissec-
tion of an intracranial vessel after withdrawal of the Sol-
itaire.

Although the technical success by means of a suffi-
cient recanalization (TICI 2b/3) was not significantly
different between the anterior and the posterior circula-
tions (75 vs. 77.9%), there was an obvious difference in
the clinical outcome at discharge between the two
groups: whereas more than half of the patients with an
anterior-circulation infarct improved significantly, two
thirds of the clinical outcome of patients with an occlu-
sion in the posterior circulation did not. The rate of
mortality at discharge was also higher for the posterior
circulation (47.8 vs. 15.5%). The best explanation for
these differences should be the well-known and usually
devastating natural course of posterior circulation in-
farctions, which could not be prevented by sufficient re-
canalization.
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Our study confirms that stent retrieval with the Soli-
taire is safe and technically feasible for recanalization of
acute intracranial artery occlusion. Treatment of intra-
cranial arterial occlusion with the Solitaire combines the
advantages of conventional self-expanding stents — im-
mediate flow restoration after deployment in a signifi-
cantly high number of cases — with sufficient clot retriev-
al, and without the risk of mandatory antiplatelet medica-
tion. Our data proved the superiority of stent retrievers
over other thrombectomy devices by means of a signifi-
cant decrease in angio-to-reperfusion time and higher re-
canalization rates, making the use of stent retrievers the
first choice for endovascular treatment of intracranial
vessel occlusion in our stroke centre.

Our study has several limitations. First of all, we can-
not provide data on long-term clinical outcome, as well
as clinical information such as onset-to-recanalization
time. Second, it was not a randomized, controlled trial
and, therefore, it has the limitations of case series meth-

Conclusions

Our single-centre experience proves the technical fea-
sibility and safety of the Solitaire for the treatment of
acute intracranial vessel occlusion and approves previous
reports with smaller patient numbers. Further multicen-
tre studies with a randomized and prospective design will
be necessary to verify the results.
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