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Abstract

Purpose Mechanical thrombectomy (mTE) proved to be
effective treating acute vessel occlusions with an accept-
able rate of procedural complications. Potential long-term
side effects of the vessel wall trauma caused by mechanical
irritation of the endothelium are unknown up to now.
Methods From a retrospectively established database of
640 acute stroke treatments, we selected 261 patients with
265 embolic vessel occlusions treated successfully by mTE
without permanent implantation of a stent. Analysis com-
prised the type of devices used and the number of passes
performed. Digital subtraction angiography immediately
after treatment was evaluated for vasospasm, dissection,
and extravasation. Control angiographic images were
evaluated for any morphological change compared to the
immediate posttreatment angiographic run.

Results Recanalization was achieved with a median of
one (range 1-10) mTE maneuvers. Vasospasm occurred in
69 territories (26.0 %) and was treated with glyceroltrini-
trate in three. Dissection was observed in one vessel
(0.4 %). Intraprocedural hemorrhage in two patients
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(0.8 %) was either wire or device induced. Follow-up
digital subtraction angiography was available for 117 ter-
ritories after a median of 107 days, revealing target vessel
occlusion in one segment (0.9 %) and a de novo stenosis of
four segments (3.4 %). All findings were clinically
asymptomatic. Posttreatment vasospasm was more fre-
quent in patients with de novo stenosis and occlusion
(p = 0.038).

Conclusion De novo stenoses and occlusions occur in a
small proportion of patients after mTE. Because all lesions
were clinically asymptomatic, this finding does not affect
the overall benefit of the treatment. Vasospasm may predict
late vessel wall changes.

Keywords Mechanical thrombectomy - Occlusion -
Stenosis - Stroke - Vasospasm

Introduction

No more than 15 % of all patients with acute ischemic
stroke fulfill the inclusion criteria for intravenous throm-
bolysis (IVT), leaving a high proportion of severely
affected patients without specific therapy. Despite a mea-
surable positive impact of IVT on patient outcome, the
overall results remain sobering [1, 2]. Numbers needed to
treat for benefit range from 3.6 to 6.1, depending on the
time from symptom onset to start of IVT [3, 4]. Especially
in proximal large vessel occlusions with high thrombus
load, recanalization rates are low [5, 6]. Local intraarterial
fibrinolysis seems to add some clinical benefit but still
leaves room for fundamental improvement in patient out-
come [7].

The next step toward a more effective acute stroke
treatment is endovascular mechanical recanalization. The
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search for the ideal mechanical method for rapid revascu-
larization yielded several devices [8—11]. None of these
clot retrievers, however, was able to fully satisfy clinical
expectations. The breakthrough came with the incidental
observation that the SolitaireAB stent (Covidien/ev3,
Irvine, CA, USA) could be used for mechanical throm-
bectomy (mTE) with high levels of safety and efficacy
[12]. Inspired by the obvious success of this concept and
device, several derivates were developed. Currently used in
clinical practice are SolitaireFR (Covidien/ev3), Trevo Pro
4 (Stryker, Kalamazoo, MI, USA), ReVive (Codman and
Shurtleff Inc., Raynham, MA, USA), Capture (MindFrame
Inc., Irvine, CA, USA), Aperio (Acandis, Pforzheim,
Germany), 3 D Separator (Penumbra Inc., Alameda, CA,
USA), and pREset (Phenox, Bochum, Germany).

In the meantime, several studies have been published
promising angiographic and clinical results with mTE in
acute ischemic stroke [13-15]. To date, reports on mTE are
focused on recanalization rates and clinical outcome, and
are mostly based on small series. Little is known about the
safety margins of mTE under real-world conditions. There
is uncertainty whether mTE devices that expose the
endothelium to high radial forces cause damage to the wall
of target vessels, leading to long-term side effects. There-
fore, we offered follow-up digital subtraction angiography
after mTE to all eligible patients to exclude delayed and
potentially harmful morphological changes of the target
vessel.

Material and Methods
Ethical Adherence

This is a retrospective analysis of clinical cases. In our
daily routine, decisions about endovascular treatment were
made individually on the basis of the assumed prognosis
with standard treatment alone. Each case was discussed
with the referring neurologist. Informed consent was
obtained from conscious patients. If informed consent
could not be obtained, we acted according to the assumed
will of the patient after discussion with relatives. Control
angiography was part of our routine follow-up protocol
after mTE to exclude potentially harmful vessel wall
changes. Informed consent for control angiography was
obtained from each patient.

Retrospective data analysis was approved by the local
review board.

Patient Selection

Our hospital is a large tertiary referral center for neuroin-
terventions providing service for 13 regional stroke units
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on a 24/7 basis. Between January 2008 and May 2012, we
performed 640 endovascular recanalization procedures in
the setting of acute stroke. This number represents 3 % of
all patients treated for ischemic stroke in the 13 referring
hospitals.

Because our main purpose was to evaluate long-term
effects of mTE devices, we selected cases of intracranial
embolic vessel occlusion that were successfully recanal-
ized by mTE alone without supportive balloon dilatation or
permanent implantation of a stent. Successful recanaliza-
tion was defined as a thrombolysis in cerebral infarction
score of 2b or 3. Additional intraarterial thrombolysis or
stent angioplasty of proximal stenoses in the access site did
not result in exclusion of a case.

Application of the predefined criteria led to exclusion of
379 patients. Baseline clinical data of the remaining 261
cases are summarized in Table 1. Follow-up modified
Rankin scores were collected either during control angi-
ography or by telephone interview after 3-6 months. Data
were available for 251 patients. The distribution of modi-
fied Rankin scores is summarized in Fig. 1.

Treatment Protocol

Patients referred for mechanical recanalization had an
acute onset of clinical symptoms caused by cerebral
ischemia and a relevant neurological deficit (National
Institutes of Health Stroke Scale score >4). We also con-
sidered patients with minor but fluctuating or progressive
symptoms and large vessel occlusion for endovascular
treatment. This subgroup is known to be at significantly
higher risk for clinical deterioration and poor outcome
despite minor symptoms at presentation [16, 17]. Intra-
cranial hemorrhage was excluded by CT or MRI, and large
vessel occlusion was confirmed by CT or MRI angiogra-
phy. Because patients were referred from several hospitals,
there was no uniform imaging protocol.

Intravenous recombinant tissue plasminogen activator
was provided before the procedure in a small subset of
patients according to generally accepted inclusion and
exclusion criteria for IVT. The referring neurologist deci-
ded the additional intravenous treatment. Patients in whom
an extracranial stenosis or dissection was identified at
imaging, or whose medical history caused us to be suspi-
cious of an underlying stenosis were pretreated with
500 mg aspirin and 600 mg clopidogrel. If a patient did not
receive a loading dose but stenting had to be performed,
500 mg aspirin was applied intravenously, followed by
600 mg of clopidogrel via nasogastric tube.

All procedures were performed under general anesthesia
by a group of six experienced interventional neuroradiol-
ogists. During the induction of general anesthesia, all
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Table 1 Baseline characteristics of patients and vessels

Characteristic Value
No. of patients 261
No. female 125
Age (years), mean (range) 67 (16-94)
Time to treatment (min), average (range) 288 (0-920)
Unknown time window 71
Fluctuating symptoms 13
Pretreatment NIHSS, median (range) 13 (0-32)
Source of emboli
Cardiac 144
Extracranial large artery disease 50
Intracranial large artery disease 7
Fibromuscular dysplasia
Aortic arch 8
Dissection 17
Coagulopathy 3
Unknown 30
Target vessel territories 265
Carotid T 52
M1 segment of MCA 128
M2 segment of MCA 31
A1/A2 segment of ACA 5
V4 segment of VA 4
Basilar artery 40
P1 segment of PCA 5

NIHSS National Institutes of Health Stroke Scale, MCA middle
cerebral artery, ACA anterior cerebral artery, VA vertebral artery, PCA
posterior cerebral artery

Fig. 1 Distribution of

3-6 month modified Rankin
score for 251 patients. Ten
patients were lost to follow-up

possible efforts were undertaken to avoid a drop in arterial
systolic blood pressure.

A three-vessel diagnostic angiography with whole-head
runs of the anterior and posterior circulation was performed
before treatment to visualize the extent of leptomeningeal
collaterals and to exclude multiple vessel occlusions. For
procedures in the anterior circulation, an 8F guiding cath-
eter with or without balloon was used [8F Guider Soft Tip
and 8F Merci Balloon Guiding Catheter (both Stryker) and
8F Cello Balloon Guiding Catheter (Covidien/ev3)]. In
most cases, an additional intermediate catheter [DAC 0.57-
inch (Stryker), ReFlex 0.58-inch (Reverse Medical, Irvine,
CA, USA)] was introduced. Posterior circulation access
was gained with a 6F guiding catheter (Envoy XB; Cod-
man and Shurtleff Inc.). The occluded vessel segment was
catheterized with a 0.021 or 0.027-inch inner diameter
microcatheter [Prowler Select Plus, RapidTransit (both
Codman and Shurtleff Inc.), Rebar 18, or Rebar 27 (both
Covidien/ev3)] with a 0.014-inch micro guide wire [Sil-
verSpeed 14 (Covidien/ev3), Traxcess 14 (Microvention/
Terumo, Tustin, CA, USA), and Transend X (Stryker)].

At the discretion of the operator, a device for mTE was
chosen. Under fluoroscopy, the mTE device was inserted
starting just beyond the level of vessel occlusion and
deployed by withdrawal of the microcatheter. After a
minimum of 3 min of device incubation, a digital sub-
traction angiography run was performed to define the
length of vessel occlusion. Two milligrams of glycerol-
trinitrate (Nitrolingualinfus; Pohl Boskamp, Hohenlock-
stedt, Germany) were slowly injected intraarterially to
avoid vasospasm during device withdrawal. Arterial
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hypotension was compensated by intravenous injection
of cafedrinhydrochlorid/theodrenalinhydrochlorid (Akrinor;
AWD Pharma, Radebeul, Germany). Under fluoroscopy,
the microcatheter and the deployed thrombectomy device
were withdrawn with simultaneous aspiration of the guide
or extension catheter, eventually under proximal balloon
occlusion. After removal of the device and careful purging
of the guide or extension catheter, the result of mTE was
assessed angiographically. In case of persistent occlusion
or incomplete recanalization, mTE was repeated with the
same or another device. After successful restoration of
flow, a final angiographic run was performed to exclude
distal emboli. If recanalization could not be achieved after
several mTE maneuvers, the procedure was either aborted
or continued with angioplasty and/or stents. The latter
cases were excluded from further analysis. After mTE, the
patient was kept sedated and ventilated until the next day to
allow precise management of blood pressure tolerating a
maximum peak systolic value of 130-150 mm Hg.

In case of stenting, dual antiplatelet medication was
continued for 6 weeks up to 1 year (depending on the type
of stent), followed by 100 mg aspirin for life. Otherwise,
anticoagulation or antiplatelet treatment was administered
according to generally accepted neurological guidelines.

Control angiography was scheduled after 3 months or
later, depending on the clinical status of the patient to
assess the integrity of the recanalized vessels and to
exclude stenosis of additionally implanted stents.

Data Evaluation

Pre- and posttreatment angiographic images were assessed
for the site of occlusion, target vessels for treatment, and
therapy-induced vasospasm, dissection, or extravasation.
The number and type of mTE devices and the number of
passes performed per vessel segment were recorded.

Follow-up angiographic images of the treated vessel
were compared with the posttreatment final run to detect
morphological changes including new stenoses, occlusions,
or focal ectasia that might have been caused by the
mechanical injury.

Statistical Analysis

Statistical analysis was performed with Stata/IC 11.2 for
Windows (StataCorp, College Station, TX, USA). To
describe the relationship between vasospasm, dissection,
and vessel perforation and the number of passes, we cal-
culated odds ratios (OR), 95 % confidence intervals (CI),
and p values. Fisher’s exact test was used to analyze the
relationship between vasospasm and late vessel wall
changes. A p value of <0.05 was accepted to be significant.
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Results

We defined 265 target territories in 261 patients who were
recanalized with a median of one pass (range 1-10 passes).
Types and numbers of mTE devices as well as the number
of passes per device are summarized in Table 2.

Vasospasm was obvious in 69 vessel territories
(26.0 %). Treatment with additional intraarterial glycerol-
trinitrate was deemed to be necessary on three occasions
(Fig. 2). None of the treated patients exhibited significantly
reduced flow in the final angiographic run. One target
vessel dissection occurred (0.4 %) and was uneventfully
treated with a stent. In addition, we observed two intra-
procedural hemorrhages (0.8 %). In one case, contrast
leakage stopped after reduction of blood pressure; in the
second, the bleeding branch was occluded by glue injec-
tion. Ninety-day modified Rankin score was 2 in the first
patient and 5 in the second patient. Regarding the cause, it
was not possible to discriminate wire perforation and
device-associated laceration because no angiographic run
was performed between probing and device deployment.

Statistical analysis did not reveal a significant relation-
ship between the number of mTE passes and vasospasm
(OR 1.09, 95 % CI 0.9-1.31, p = 0.394), dissection (OR
1.01, 95 % CI 0.26-3.92, p = 0.985), or vessel perforation
(OR 1.64, 95 % CI 0.63-4.27, p = 0.315).

Control angiography was available for 116 patients with
117 target territories. Angiography was performed after a
median of 107 days (range 24-524 days). We found one
secondary occlusion (0.9 %) of a successfully recanalized
vessel. A de novo stenosis of a previously normal vessel
was observed in four patients (3.4 %) (Figs. 3, 4). Details
of the patients exhibiting de novo stenosis or occlusion are
summarized in Table 3. All lesions were clinically
asymptomatic. We did not observe any pathological vessel
dilatation. Posttreatment vasospasm was more often
observed in patients with subsequent stenosis or occlusion
(p = 0.038).

Discussion

The ideal method for endovascular treatment of ischemic
stroke with large vessel occlusion would allow recanali-
zation of the occluded vessels within a short period of time
(i.e., minutes) without interference with the coagulation
system and without a need for supportive anticoagulation,
antiaggregation, or fibrinolysis; without damage to the
occluded vessel; without fragmentation of the thrombus;
and relying on a reasonable level of technical skills of the
trained operator. Most of these requirements are well
addressed by mTE, which has been demonstrated to be
superior to local intraarterial fibrinolysis [18].
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Table 2 Devices and number of passes used for mechanical thrombectomy

Device Manufacturer Device type No. of devices No. of passes
Solitaire® AB Covidien Neurovascular, Irvine, CA, USA 3 x 20 12 15
3 x 30 2 2
4 x 15 8 12
4 x 20 91 122
4 x 30 2
5 %20 4 5
5 x 30 3 3
6 x 20 1 2
6 x 30 10 14
pREset® Phenox GmbH, Bochum, Germany 4 x 20 127 195
6 x 30 4 7
BONnet® Phenox GmbH, Bochum, Germany BON-2-5 61 78
BONnet short® Phenox GmbH, Bochum, Germany BON-2-5-s 18 18
pCR® Phenox GmbH, Bochum, Germany C-2-4-20
C-3-5-20 5 5
CRC® Phenox GmbH, Bochum, Germany R-2-4-22
R-3-5-22 27 27
Revive® Codman and Shurtleff Inc., Raynham, MA, USA 4.5 x 22 1 1
Trevo® Stryker, Kalamazoo, MI, USA 4 x 20 2 2
Trevo Pro 4® Stryker, Kalamazoo, MI, USA 4 x 20 4 5
Capture® MindFrame Inc., Irvine, CA, USA 3 x 23 1 1
Alligator® Covidien Neurovascular, Irvine, CA, USA 3 mm 1 1

The potential damage to the vessel wall, which is one of
the safety aspects of mTE, has been evaluated in animal
models [19]. Vasospasm of swine renal arteries was a
frequent observation after deployment of the SolitaireFR
device, but permanent vessel laceration after stent retrieval
did not occur. No stenosis was found during follow-up.
Delayed hyperplasia of the intima layer was only visible on
histology specimens in animals that had been killed, and
had no hemodynamic effect. Mordasini et al. [20] pub-
lished similar results and did not observe any device-rela-
ted complications in their experiments. The Trevo stentlike
retriever was also evaluated in preclinical animal studies,
including histological analysis immediately after throm-
bectomy [21]. Vasospasm occurred frequently, but no
vessel wall damage was obvious in angiographic runs.
Histologic examination revealed severe disruption of the
intima without affection of the media and adventitia layers.

Our observation of a low acute device-related compli-
cation rate after mTE is in line with the results of published
animal experiments and clinical case series. Machi et al.
[14] observed mechanically induced vasospasm in 32 % of
patients after Solitaire mTE, without further adverse
effects. Vasospasm was also described after mTE with the
Merci and Catch device [9, 22] and does not seem to be
confined to stent retrievers. mTE-induced vasospasm can
effectively be prevented by intraarterial injection of

glyceroltrinitrate after deployment of the device and before
removal. This may also help to avoid vessel dissection and
could possibly increase the efficacy of the mTE process.
An incubation time of several minutes may act similarly. If
significant vasospasm occurs despite all precautions, it can
be treated by application of additional vasodilating drugs.
We used intraarterial glyceroltrinitrate as a vasodilating
agent because of its immediate effect. Other intervention-
alists prefer nimodipine either as a continuos infusion
during the intervention or on demand. Comparative studies
regarding the optimal drug and the ideal way of adminis-
tration have not been performed.

Dissection of the arterial wall after mTE seems to be
rare but was reported after use of the Merci device [23, 24].
The only dissection in our case series was uneventfully
treated by stent placement and did not lead to clinical
deterioration. Two intraprocedural hemorrhages were
observed, but the cause could not be precisely attributed to
either the guide wire or the mTE device. This is a serious
adverse event that requires immediate reduction of blood
pressure and reversal of heparin. In cases of non-self-lim-
iting severe hemorrhage, occlusion of the bleeding vessel
has to be considered. Depending on vessel size, it can be
done by glue injection—as in our case—or by coiling.
More diffuse hemorrhages may be treated by temporary
balloon occlusion. Clinical outcome after intraprocedural
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Fig. 2 A After mTE of the left middle and anterior cerebral artery
territory, a 47-year-old patient developed a flow compromising
vasospasm of the left A2 segment (arrow). Irregularities of the M1
and Al segments indicated moderate spasm there. B After fraction-
ated intraarterial injection of 4 mg glyceroltrinitrate, flow was
sufficiently restored in the left A2 segment (arrow)

hemorrhage varies depending on the amount of extrava-
sation and the location of hemorrhage. Statistical analyses
did not reveal a relationship between the number of
thrombectomy passes, dissection, and intraprocedural
hemorrhage. In cases of dissection and hemorrhage, the
number of events was low, which increases the chance of a
type II error.

During follow-up, we found de novo stenoses as well
as target vessel occlusion with an incidence of 3.4 and
0.9 %, respectively. The lesions observed in this study
were, without exception, asymptomatic. The most likely
mechanism of stenosis formation after mTE is mechan-
ically induced endothelial trauma or microdissection. In
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Fig. 3 A Final angiographic run of a 75-year-old patient (patient 5)
revealed a normal caliber of the middle cerebral artery and division
branches after recanalization by mTE. B Follow-up angiography after
154 days revealed an asymptomatic high-grade stenosis of the
superior M2 branch and a narrowing of the carotid T (arrows)

an animal model, Nogueira et al. [21] proved intima
disruption after mTE histologically that was not visible
angiographically. These endothelial microtrauma are
likely to occur in human species also and may induce
significant intima hyperplasia in a small subset of
patients.

Vasospasm was more frequent in patients with sub-
sequent vessel wall changes. Two hypotheses may serve as
an explanation. Vessel constriction could be an indicator
for the degree of mechanical irritation, with more severe
trauma inducing enhanced intima hyperplasia. Because
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Fig. 4 A Final angiographic run of a 60-year-old patient (patient 2)
treated for a left vertebral ostium stenosis with appositional thrombus
and embolic occlusion of the left V4 segment demonstrating complete
recanalization of the V4 segment with persistent occlusion of the

posterior inferior cerebellar artery (PICA). B Follow-up angiography
after 222 days revealed an asymptomatic high-grade stenosis at the
level of the origin of the left PICA (arrow)

Table 3 Summary of the degree and location of stenoses with types of devices and number of passages performed in affected segments

Patient no. Affected vessel segment Degree of stenosis Device No. of passes
V4 Occlusion Solitaire 4 x 20 4
2 V4 70 % BONnet 2
Solitaire 4 x 20 1
3 Ml 60 % BONnet 1
Short BONnet 1
M2 40 % BONnet 1
5 M2 (minor changes of carotid T) 70 % BONnet 1
Solitaire 4 x 20 1
pREset 1

observations from other endovascular procedures demon-
strate that the frequency of vasospasm varies between
individuals, development of vasospasm might also reflect a
genetically determined higher vulnerability of the vessel
wall.

The limitations of this study are both methodological
and conceptional. This is a retrospective analysis. We
included a variety of devices, which have different radial
forces and designs. For some devices, the number of
treatments was low, which affects the validity of the study
for these retrievers. In addition, it is not certain whether the
results of this series apply for all other mTE devices cur-
rently available. Modifications in design and radial force

may have more impact on the vessel wall. The only method
applied for evaluation was digital subtraction angiography,
which is able to show the lumen but not the vessel wall
itself. Intravascular ultrasound and high-resolution MRI
might be able to provide better visualization into vessel
wall changes.

In conclusion, mTE of acutely occluded intracranial
vessels in ischemic stroke using commercially available
devices is well tolerated by the vessel wall in most cases.
The likelihood of inducing delayed stenosis or occlusion is
low. These risks are overcompensated by the clinical
benefits of the procedure. Vasospasm may predict late
vessel wall changes.
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