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Stentriever Thrombectomy Failure: A Challenge in Stroke Management

Claudio Baracchini1, Filippo Farina1, Matteo Soso1, Federica Viaro1, Silvia Favaretto1, Anna Palmieri1, Caterina Kulyk1,
Enzo Ballotta2, Lorena Nico3, Giacomo Cester3, Francesco Causin3
-BACKGROUND AND OBJECTIVE: Stentriever throm-
bectomy failure in patients with acute ischemic stroke
caused by anterior circulation large artery occlusion is not
a rare event. The purpose of this study was to investigate
whether other procedures (tirofiban, permanent stenting)
are able to recanalize the occluded vessel and determine a
better outcome without increasing mortality and intracra-
nial hemorrhage rates.

-METHODS: Among 513 patients consecutively admitted
with anterior circulation stroke, 109 underwent
stentriever thrombectomy. Modified Thrombolysis in Cere-
bral Ischemia (mTICI) 2b-3 recanalization was achieved in
60 patients (55.0%, group 1). Only 3 of 19 patients (group 2)
obtained additional recanalization with intra-arterial infu-
sion of tirofiban. The remaining 46 either underwent
permanent stenting (n [ 23, group 3) or were left non-
recanalized (n [ 23, group 4). The rate of mTICI 2b-3 and
clinical outcomes were analyzed in the different groups.

-RESULTS: A successful recanalization (mTICI 2b-3) was
achieved in 17 patients of group 3 (73.9%). A significantly
better outcome was observed in group 3 (modified Rankin
Scale [mRS] score, 0e2) than in group 4 at 3 months (56.5%
vs. 17.4%). Symptomatic intracranial hemorrhage rates were
not different between group 3 and group 4 (4.3% vs. 4.3%),
whereas there was a significantly higher mortality in group
4 than in group 3 (39.1% vs. 4.3%). On multivariate analysis,
permanent stenting was the only factor independently
associated with favorable outcome and mortality.
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Abbreviations and Acronyms
CT: Computed tomography
CTA: Cerebral tomography angiography
CTp: Perfusion computed tomography
DSA: Digital subtraction angiography
ICA: Internal cerebral artery
ICH: Intracerebral hemorrhage
LAO: Large artery occlusion
MRI: Magnetic resonance imaging
mRS: modified Rankin Scale
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-CONCLUSIONS: Permanent stenting might be a feasible
solution in patients with acute large artery occlusion after
stentriever thrombectomy failure.
INTRODUCTION
ndovascular mechanical thrombectomy combined with
intravenous thrombolysis has recently been shown to be
Esuperior to thrombolysis alone in the treatment of patients

with acute ischemic stroke with large artery occlusion (LAO) of the
anterior circulation.1 In particular, stentriever thrombectomy has
been recommended as a first-line method for intra-arterial
recanalization, although other thrombectomy or aspiration de-
vices approved by local health authorities may be used at the
discretion of the neurointerventionist if rapid, complete, and safe
revascularization of the target vessel can be achieved.2 Stentriever
thrombectomy does not guarantee a successful recanalization
(modified Thrombolysis in Cerebral Ischemia [mTICI], 2b-3) in
all patients as already reported.3 In these cases, additional
treatment with glycoprotein IIb/IIIa antagonists such as tirofiban
and/or permanent stenting might represent a possible solution
to achieve a better prognosis, because recanalization is known
to be a strong predictor of good outcome in cerebral ischemia
secondary to LAO.4 Glycoprotein IIb/IIIa inhibitors have been
associated with increased risk of fatal intracerebral hemorrhage
(ICH) and poor outcome,5 but not in all studies,6 and it has
been shown that mechanical thrombectomy with stentrievers
does not cause relevant endothelial damage.7 Permanent
stenting has been suggested as another primary approach or as
mTICI: Modified Thrombolysis in Cerebral Ischemia
NIHSS: National Institutes of Health Stroke Scale
rt-PA: Recombinant tissue plasminogen activator
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a rescue tool for recanalization of acute intracranial LAO,8-10 even
though safety is an important issue here as well, because these
procedures might increase the rates of symptomatic ICH and
death. For this reason, we decided to conduct an observational
study in patients with acute stroke caused by an anterior circula-
tion LAO with the aim of investigating whether tirofiban and/or
permanent stenting after mechanical thrombectomy failure are
able to recanalize the occluded vessel and determine a better
outcome without increasing mortality and ICH rates.

METHODS

General Study Protocol
Patients consecutively admitted to the Stroke Unit of the Uni-
versity Hospital of Padua (Italy) from January 2014 to July 2016 for
their first-ever acute ischemic stroke caused by anterior circula-
tion LAO (defined as occlusion of the intracranial internal carotid
artery [ICA] and/or middle cerebral artery [M1 segment and/or
proximal M2 segment]) were prospectively assessed according to
standardized diagnostic and therapeutic procedures as recom-
mended by the European Stroke Organization,11 including
treatment with intravenous recombinant tissue plasminogen
activator (rt-PA) and/or mechanical thrombectomy in eligible
patients. All patients details were entered in a computerized
database, recording their demographic characteristics, routine
blood tests, and vascular risk factors such as arterial
hypertension (systolic blood pressure �140 mm Hg or diastolic
blood pressure �90 mm Hg or current/past use of
antihypertensive medication), diabetes mellitus [fasting serum
glucose level �7.0 mmol/L (�126mg/dL), nonfasting serum
glucose level �11.1 mmol/L (�200mg/dL), glycated hemoglobin
(HbA1C) level �48 mmol/mol or the use of glucose-lowering
drugs], hypercholesterolemia [total cholesterol level >6.2
mmol/L (>240 mg/dL) or use of lipid-lowering drugs], smoking
(current or stopped within 5 years), cardiac disease [history of
angina pectoris, myocardial infarction, coronary treatment (an-
gioplasty/stenting, or bypass surgery), any cardiac arrhythmia
such as atrial fibrillation], peripheral arterial disease, or previous
transient ischemic attack. Clinical and functional status was
assessed with the National Institutes of Health Stroke Scale
(NIHSS) and the modified Rankin Scale (mRS), respectively,
both on admission and at discharge. Territorial distribution was
evaluated in all patients with magnetic resonance imaging (MRI)
or repeat computed tomography (CT) and with the Oxfordshire
Community Stroke Project classification system.12 In all patients,
the extracranial and intracranial vessel status was assessed by
noninvasive imaging and specifically the diagnosis of anterior
circulation LAO was made by transcranial color-coded Doppler
sonography13 and confirmed by CT angiography (CTA) or
magnetic resonance angiography if CTA was contraindicated
and also by digital subtraction angiography (DSA) for patients
undergoing endovascular treatment. Further diagnostic workup
included standard blood tests, routine electrocardiography,
transthoracic echocardiography, and 24-hour electrocardiog-
raphy monitoring, plus coagulation studies, and transesophageal
echocardiography, if appropriate. Patients with anterior circula-
tion LAO as a result of intracranial dissection were excluded from
this study.
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Interventional Protocol
Endovascular treatment was decided on the basis of a direct
cerebral CT scan (ASPECT [Alberta Stroke Program Early CT]
score >5), CTA (anterior circulation LAO), and clinical charac-
teristics (NIHSS score >6 or evolution of stroke symptoms) and
was performed within 6 hours of symptom onset, under conscious
sedation or general anesthesia depending on clinical neurologic
conditions by 2 experienced neuroradiologists (F.C. and G.C.),
who shared the same interventional protocol.
The occluded target vessel was the first vessel to be studied with

DSA when perfusion CT (CTp) and CTA guaranteed an adequate
information on the collateral circulation; otherwise, contralateral
carotid and vertebral arteries were studied before reaching the
occluded site.
Until 2015, an 8-F balloon guiding catheter (Merci 8F, Pen-

umbra, Alameda, California, USA) or a peripheral guiding sheath
(Destination 6F, Terumo, Elkton Maryland, USA) was positioned
in the common carotid artery or, if possible, in the cervical ICA.
The arterial occlusion was crossed with a 0.53 mm microcatheter
(Prowler sel 2,3 F, Codman J&J, Raynham, Massachusetts, USA)
and a stentriever thrombectomy was performed; this procedure
was attempted for a maximum of 3 times, to minimize the time
to recanalization (each attempt lasts about 10e15 minutes) and to
reduce the risk of endothelial damage with possible hemorrhagic
complications.
Since 2015, an 8-F guiding catheter (Destination 6F Terumo,

Elkton, Maryland, USA or Neuron Max Penumbra 2,24 mm,
Alameda, California, USA) has been positioned in the cervical
ICA and a distal aspiration catheter (5Max Penumbra, Alameda,
California, USA; Catalyst 6F Strycker, Freemont, California,
USA; Sofia Plus Microvention 2,1 mm, Tustin, California, USA)
was advanced to the occlusion site. A distal aspiration was then
attempted; in case of failure, a stentriever thrombectomy with
distal aspiration was performed.
In all cases of stentriever thrombectomy failure, we evaluated

the opportunity to deploy a permanent stent in the occluded
segment. The main indications for permanent stenting were:
1) Effectiveness of stentriever bypass when the device was in place
but reocclusion or severe stenosis occurred immediately after its
retrieval. In such cases, perfusion status is partially or completely
recovered immediately after deployment but stops when the de-
vice is withdrawn. This situation happened in cases of an un-
derlying stenosis as a result of atherosclerotic plaque, or clots
that extended to the M2 segment and could not be completely
removed, or in cases of a hard clot that did not penetrate the
retriever struts. Extent and burden of the clot can be assessed by
CTA and superselective angiography, and the quality of the clot
or mural plaque is evaluated on the basis of the degree of
hardness detected by a microguidewire and microcatheter, while
passing through the thrombus, and observing opened struts after
3e5 minutes from deployment. 2) Presence of a calcified plaque
or a distal occlusion that contraindicated multiple retrieve ma-
neuvers. The detection of a calcified plaque visible on CT and
CTA or the presence of a clot in an M2 segment contraindicates
thrombectomy by means of stentriever, which might cause
endothelial damage, dissection, or perforation and retriever
encasement. In such cases, the delivery of a stent might be
effective in restoring distal perfusion. Distal aspiration if possible
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.03.070
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Figure 1. Flow chart of patient inclusion. LAO, large artery occlusion; rt-PA, recombinant tissue plasminogen activator.
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could be also attempted. 3) ASPECT score �6 with a good
mismatch on CTp. Because we believe that stent delivery in an
acute setting is a rescue strategy to restore an adequate perfusion,
we based our decision on ischemic core extension and site, to
achieve the best clinical result and a lower hemorrhagic risk. In
all cases, the implanted stent was a Solitaire AB stent (ev3, Irvine
California, USA), because it is often used as a first-line or second-
line device and therefore in several cases is already on target; this
means reducing costs and time for procedure. Prestenting or
poststenting balloon angioplasty was performed only in case of
WORLD NEUROSURGERY 103: 57-64, JULY 2017
an underlying carotid siphon, M1-segment atherosclerotic ste-
nosis. During the procedure, if not yet administered, an intra-
arterial bolus (25 mg/kg in 3 minutes) of glycoprotein IIb/IIIa
(tirofiban) was injected, followed by 12 hours intravenous infu-
sion (0.1 mg/kg) before switching to double antiplatelet therapy,
which was maintained for 3 months.
A CT scan was performed on a rotational angiographer XperCT

(Philips, The Netherlands) at the end of the procedure and a
control CT scan was repeated at 4e6 hours to exclude hemor-
rhagic complications. Twenty-four-hour control DSA was
www.WORLDNEUROSURGERY.org 59

http://www.WORLDNEUROSURGERY.org


Table 1. Demographic and Clinical Characteristics of the Study Population at Admission

Total (n [ 109) Group 1 (n [ 60) Group 2 (n [ 3) Group 3 (n [ 23) Group 4 (n [ 23)

Mean age, years (� standard deviation) 65 (�15.3) 64 (�15.4) 62 (�21) 70 (�16.9) 74 (�8.3)

Male 59 (54.1) 31 (51.7) 0 (0) 15 (65.2) 12 (52.2)

Hypertension 79 (72.5) 43 (71.2) 2 (66.6) 13 (56.5) 21 (91.3)*

Diabetes mellitus 17 (15.5) 10 (16.7) 1 (33.3) 1 (4.34) 5 (21.7)

Hypercholesterolemia 36 (15.6) 16 (26.7) 1 (33.3) 10 (43.4) 9 (39.1)

Smoking 30 (27.5) 17 (28.3) 1 (33.3) 5 (21.7) 7 (30.4)

Coronary syndromes 20 (18.3) 8 (13.3) 0 (0) 5 (21.7) 7 (30.4)

Atrial fibrillation 32 (29.3) 16 (26.7) 1 (33.3) 7 (30.4) 8 (34.8)

Antiplatelet therapy at admission 51 (46.8) 29 (48.3) 1 (33.3) 9 (39.1) 12 (52.2)

Anticoagulant therapy at admission 12 (11.0) 6 (10.0) 1 (33.3) 2 (8.7) 3 (13.0)

Antihypertensive therapy at admission 70 (64.2) 40 (66.7) 2 (66.6) 9 (39.1) 19 (82.6)*

Lipid-lowering therapy at admission 27 (24.8) 15 (25.0) 1 (33.3) 3 (13.0) 8 (34.8)

Median National Institutes of Health
Stroke Scale at admission (range)

16 (2e26) 16 (2e26) 15 (12e20) 16 (4e26) 18 (5e20)

Median modified Rankin Scale score
at admission (range)

0 (0e4) 0 (0e4) 0 (0e2) 0 (0e2) 0 (0e3)

Values are number (%) except where indicated otherwise. Group 1 is defined as patients who underwent successful reperfusion with mechanical thrombectomy. Group 2 is defined as patients
who underwent successful reperfusion with infusion of tirofiban as rescue treatment after failure of mechanical thrombectomy. Group 3 is defined as patients who failed mechanical
thrombectomy and underwent intracranial stenting procedure. Group 4 is defined as patients who failed mechanical thrombectomy and did not undergo intracranial stenting procedure.

*P value < 0.05 between groups 3 and 4.
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performed to verify stent patency and distal recanalization.
Successful recanalization was defined when mTICI 2b-3 recana-
lization was persistent on at least a 10-minute delayed
angiogram.

Clinical and Neuroradiologic Follow-Up
All patients underwent 24-hour brain CT, and brain MRI was
performed just before hospital discharge. In case of a neurologic
deterioration (an increase in NIHSS score �4), immediate CT or
MRI was obtained to check for ICH.14

Clinical and functional status was assessed with the NIHSS and
mRS, respectively, at discharge and at 1, 3, 6, and 12 months.
Vessel patency and stent patency were evaluated by transcranial
color-coded Doppler at discharge, and at 1, 3, 6, and 12 months; in
case of restenosis, the diagnosis was confirmed by CTA/magnetic
resonance angiography.

Statistical Analyses
The statistical analysis was performed with the SSPS statistical
software (SPSS version 13.0 for Windows [SPSS Inc., Chicago,
Illinois, USA]). Patients’ demographic and clinical characteristics
are given as means � standard deviations, as medians and ranges,
or as percentages. Mean values were compared with Student t test
or analysis of variance test as appropriate. Frequencies and cate-
gorical data were compared with c2 or Fisher exact tests. Signif-
icance was assumed at P < 0.05. Cox proportional hazard analysis
60 www.SCIENCEDIRECT.com WORLD NEU
was used to see which statistically significant factors at univariate
analysis could influence outcomes, calculating the odds ratio with
95% confidence intervals.

Standard Protocol Approval and Patient Consent
The study was approved by our local ethics committee and
informed consent was obtained for all patients.

RESULTS

During the study period, a total of 513 patients were hospitalized
for their first-ever acute anterior circulation ischemic stroke,
comprising 315 men (61.4%) and 198 women (38.6%), with a mean
age of 71.5 � 11.4 years. Among those with an anterior circulation
LAO, 109 underwent stentriever thrombectomy either alone or in
combination with intravenous thrombolysis, and a successful
recanalization was achieved in 60 patients (55.0%). An intra-
arterial infusion of tirofiban was administered after mechanical
thrombectomy failure in 19 patients and it determined a successful
vessel recanalization in only 3 cases (2.8%). Overall, 46 patients
(42.2%) remained nonrecanalized, 6 of whom had an underlying
intracranial (M1-segment) atherosclerotic stenosis: 23 of these
underwent permanent stenting, including 3 with intracranial
atherosclerotic stenosis (group 3), whereas 23 were left non-
recanalized (group 4). A successful recanalization was achieved in
17/23 patients (73.9%) of group 3 and only a partial recanalization
in the remaining 6 (Figure 1). Therefore, of the original patients
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.03.070
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Table 2. Demographic and Clinical Characteristics of Stented Versus Nonstented Patients and Their Association with Outcome
Measures (modified Rankin Scale Score <3 at 3 Months and Mortality)

Group 3
(n [ 23)

Group 4
(n [ 23) P1 Value

P2 Value Odds Ratio
(95% Confidence Interval)

P3 Value
Odds Ratio

(95% Confidence Interval)

Mean age, years (�standard deviation) 70 (�16.9) 74 (�8.3) NS — —

Male 15 (65.2) 12 (52.2) NS — —

Hypertension 13 (56.5) 21 (91.3) <0.01 1.08 (0.91e1.34); NS 1.22 (0.89e1.60); NS

Diabetes mellitus 1 (4.34) 5 (21.7) NS — —

Hypercholesterolemia 10 (43.4) 9 (39.1) NS — —

Smoking 5 (21.7) 7 (30.4) NS — —

Coronary syndromes 5 (21.7) 7 (30.4) NS — —

Atrial fibrillation 7 (30.4) 8 (34.8) NS — —

Antiplatelet therapy at admission 9 (39.1) 12 (52.2) NS — —

Anticoagulant therapy at admission 2 (8.7) 3 (13.0) NS — —

Antihypertensive therapy at admission 9 (39.1) 19 (82.6) <0.01 1.28 (0.82e1.55); NS 1.05 (0.78e1.80); NS

Lipid-lowering therapy at admission 3 (13.0) 8 (34.8) NS — —

Median National Institutes of Health
Stroke Scale score at admission (range)

16 (4e26) 18 (5e20) NS — —

Median modified Rankin Scale score
at admission (range)

0 (0e2) 0 (0e3) NS — —

Location

ICA 2 2 NS — —

MCA 18 19 NS

ICA þ MCA 3 2 NS

Systemic thrombolysis 4 (17.4) 10 (43.5) NS — —

Onset-to-puncture time (minutes) 206.1 � 56.4 196.1 � 48.1 NS — —

Values are number (%) except where indicated otherwise. Group 3 is defined as patients who failed mechanical thrombectomy and underwent intracranial stenting procedure. Group 4 is
defined as patients who failed mechanical thrombectomy and did not undergo intracranial stenting procedure. P values < 0.05 are reported, otherwise they are defined as NS
(not significant). P1 is the result of a univariate analysis, and P2 and P3 are the results of a multivariate analysis on the association between demographic and clinical characteristics of the
study groups with modified Rankin Scale score <3 at 3 months and mortality, respectively.

ICA, internal carotid artery; MCA, middle cerebral artery.
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with acute anterior LAO, 80 (73.4%) obtained an mTICI 2b-3
recanalization after applying different recanalization procedures.
Only 1 of these patients had a vessel reocclusion at the 24-hour
angiogram; he had been successfully treated with thrombectomy
and tirofiban but he died as a result of cerebral herniation.
Demographic and clinical characteristics of the study popula-

tion are reported in Table 1.
Patients in group 4 were more frequently hypertensive

than those in group 3; these patients consequently received
more antihypertensive treatment with respect to other patients.
No differences in initial NIHSS score, location of anterior circu-
lation LAO, administration of rt-PA and onset-to-puncture time
between groups were observed between groups 3 and 4 (Table 2).
WORLD NEUROSURGERY 103: 57-64, JULY 2017
With regard to prognosis in thrombectomy failures, a better
outcome (mRS score, 0e2) was more frequently observed in group
3 than in group 4 at 3 months (56.5% vs. 17.4%; P < 0.05)
(Figure 2). Symptomatic ICH rates were not different between
group 3 and group 4 (4.3% vs. 4.3%), and there was a
significantly higher mortality in group 4 compared with group 3
(39.1% vs. 4.3%%; P < 0.05) (Tables 3 and 4).
No difference was found in terms of outcome between male and

female patients (Table 5).
Arterial hypertension does not seem to influence

clinical outcome, as shown by a multivariate analysis (Table 2).
When thrombectomy fails, permanent stenting is the only factor
independently associated with favorable outcome and mortality.
www.WORLDNEUROSURGERY.org 61
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Figure 2. Comparison of modified Rankin Scale score at 3 months in different study groups.
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DISCUSSION

The main result of our study is that in patients with acute stroke
with anterior circulation LAO refractory to stentriever thrombec-
tomy, permanent stenting determined mTICI 2b-3 recanalization
in 73.9% of cases with a better clinical outcome and a reduced
mortality compared with the nonstent group, without an increase
in symptomatic ICH.
Table 3. Clinical Outcome and Follow-Up

Total (n [ 109),
n (%)

Group 1 (n [ 60),
n (%)

Reperfusion rate, patients with
modified Thrombolysis In
Cerebral Ischemia grade 2b or 3

80 (73.4) 60 (100)

Death 17 (15.6) 6 (10)

Symptomatic hemorrhages 5 (4.6) 3 (5)

Patients with modified Rankin
Scale score <3 at 3 months

53 (48.6) 34 (56.7)

Stroke recurrence 5 (4.6) 2 (3.3)

Group 1 is defined as patients who underwent successful reperfusion with mechanical thrombect
tirofiban as rescue treatment after failure of mechanical thrombectomy. Group 3 is defined as p
Group 4 is defined as patients who failed mechanical thrombectomy and did not undergo int

*P value < 0.05 between group 3 and 4.
yP value < 0.05 between group 1 and 4.

62 www.SCIENCEDIRECT.com WORLD NEU
Many (45%) of the patients in this study with acute ischemic
stroke caused by anterior circulation LAO did not recanalize after
stentriever thrombectomy either alone or combined with rt-PA,
confirming previous reports.3

These results are comparable with the primary rate of
recanalization achieved in large randomized trials with similar
inclusion criteria such as MR CLEAN (a multicenter randomized
Group 2 (n [ 3),
n (%)

Group 3 (n [ 23),
n (%)

Group 4 (n [ 23),
n (%)

3 (100) 17 (73.9) 0 (0)

1 (33.3) 1 (4.3) 9 (39.1)*y
0 (0) 1 (4.3) 1 (4.3)

2 (66.6) 13 (56.5) 4 (17.4)*y

0 (0) 1 (4.3) 2 (8.7)

omy. Group 2 is defined as patients who underwent successful reperfusion with infusion of
atients who failed mechanical thrombectomy and underwent intracranial stenting procedure.
racranial stenting procedure.

ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.03.070
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Table 4. Modified Thrombolysis in Cerebral Ischemia Scores
After Intervention in Stenting Group and Nonstenting Group

Modified Thrombolysis
in Cerebral Ischemia Grade

Stenting Group
(n [ 23), n (%)

Nonstenting Group
(n [ 23), n (%)

0 0 (0) 11 (47.8)

1 1 (4.3) 7 (30.4)

2A 5 (21.7) 5 (21.7)

2B 12 (52.2) 0 (0)

3 5 (21.7) 0 (0)
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clinical trial of endovascular treatment for acute ischemic stroke
in The Netherlands)15 (58.7%), whereas it is lower than in other
trials such as SWIFT PRIME (Solitaire with the Intention for
Thrombectomy as Primary Endovascular Treatment)16 and
EXTEND-IA (Extending the Time for Thrombolysis in
Emergency Neurological Deficits - Intra-Arterial),17 which have
reached complete recanalization in 83%e89% of cases.
However, in the latter trials, those patients who could not
undergo intravenous thrombolysis or had worse radiologic
findings on CTp were excluded. Therefore, our results seem to
better represent the real clinical practice of a stroke center.
The management of stentriever-failed patients with acute

anterior circulation LAO is still unclear. Usually, these patients
remain nonrecanalized; their outcome is based on their collaterals
and the prognosis is poor in most cases. Additional modalities
might be used to achieve recanalization in these patients: intra-
arterial infusion of rt-PA, intra-arterial infusion of glycoprotein
IIb/IIIa inhibitor, or permanent stenting.
Glycoprotein IIb/IIIa inhibitors such as tirofiban are often used

in endovascular treatment to prevent thromboembolic complica-
tions and early reocclusion because of endothelial damage.
According to our study, tirofiban does not seem to be an effective
solution because only a small percentage of cases (2.8%) obtained
successful recanalization with intra-arterial infusion of tirofiban.
Similar to other studies,6 we did not observe a significant increase
of fatal and symptomatic ICH; however, a reocclusion occurred in
1 of the 3 recanalized patients with subsequent cerebral herniation
and death.
Table 5. Comparison Between Male and Female Patients

Male (n [ 58),
n (%)

Female
(n [ 51), n (%)

Male Sten
(n [ 15), n

Modified Thrombolysis in
Cerebral Ischemia 2B or 3

42 (72.4) 38 (74.5) 11 (73.3)

Modified Rankin Scale
score 3 months <3

25 (43.1) 28 (54.9) 8 (53.3)

Death 8 (13.8) 9 (17.6) 1 (6.7)

Stroke recurrence 4 (6.9) 1 (2.0) 0 (0)

NS, not significant.
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Before the advent of stentriever thrombectomy, several
studies18-22 assessed efficacy and safety of permanent stenting for
recanalization of acute stroke, with some promising results. These
studies led to the present study and the application of permanent
stenting in a group of selected patients who failed mechanical
thrombectomy and with otherwise poor prognosis. One major
concern of permanent stenting is that it requires antiplatelet
medication during or immediately after the treatment in the acute
stage of a stroke and this might increase the risk of symptomatic
ICH. In our study, permanent stenting achieved a successful
(mTICI 2b-3) recanalization in 73.9% of patients and at least a
partial recanalization in the remaining patients. The stenting
group had a significantly better outcome than did the control
nonstenting group, as shown by a lower disability (mRS score, <3;
56.5% vs. 17.4%; P < 0.05) and mortality (4.3% vs. 39.1; P < 0.05)
at 3 months, with the same ICH rate (4.3%). A recent retrospective
study23 seems to confirm our results on the safety of permanent
stenting after stentriever failure, despite dual antiplatelet therapy
required in the postintervention period. Both studies show that
the achievement of a successful recanalization has a significant
impact on functional outcome, but only our study showed
reduced mortality.
With regard to gender, despite some reports highlighting a

worse outcome among female patients with stroke,24 we have not
observed gender differences for safety or for efficacy of mechanical
thrombectomy and permanent stenting.
The positive effect of a successful recanalization obtained by

permanent stenting was confirmed in patients of all ages,
including the elderly; no significant difference of mortality and
outcome were observed when stenting and nonstenting patients
were stratified by age. These results are consistent with those
observed in other studies on mechanical thrombectomy. In the
MR CLEAN study,15 16% of patients were older than 80 years and
obtained a significant improvement at 3 months (odds ratio, 3.24;
95% confidence interval, 1.21e8.62), comparable with that of
patients of other age classes. Accordingly, stenting after
stentriever thrombectomy failure should be considered an option
even in older patients.
This study has some limitations because it was conducted in a

single center and the sample size is small, yet it has the advantage
of a consolidated diagnostic and interventional protocol
performed in a large university hospital. These limitations do
t
(%)

Female Stent
(n [ 8), n (%)

Male Nonstent
(n [ 12), n (%)

Female Nonstent
(n [ 11), n (%) P Value

6 (75.0) 0 (0) 0 (0) NS

5 (62.5) 1 (8.3) 3 (27.3) NS

0 (0) 4 (33.3) 5 (45.5) NS

1 (12.5) 2 (16.7) 0 (0) NS
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warrant a collaborative study among stroke centers with a larger
sample size.

CONCLUSIONS

According to our study, in patients with acute ischemic stroke
caused by anterior circulation LAO and refractory to stentriever
thrombectomy, permanent stenting seems to lead to a better
64 www.SCIENCEDIRECT.com WORLD NEU
clinical outcome and reduced mortality without an increase in ICH
rate. Moreover, our results suggest that permanent stenting as a
rescue treatment might be a therapeutic option also for elderly
patients, given the positive impact of vessel recanalization in all age
groups. In conclusion, permanent stenting might be a feasible
solution in patients with acute LAO after stentriever thrombectomy
failure.
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