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Abstract

Intravenous recombinant tissue-type plasminogen activator (rt-PA) therapy is highly recommended to
patients who are diagnosed with ischemic stroke within 4.5 hours after the onset while mechanical clot
retrieval can be attempted in patients who are not indicated for or cannot effectively receive intravenous
rt-PA therapy. In this article, we report early treatment outcomes and discuss the usefulness of mechanical
clot retrieval using the Penumbra system (Penumbra Inc., Alameda, California, USA), especially in terms
of technical cautions during the procedure and adaptability to elderly and high National Institutes of
Health Stroke Scale (NIHSS) patients. We included 7 patients with thromboembolic occlusion. Pre-
treatment NIHSS score ranged from 11 to 36 (mean: 24.9). All patients achieved good recanalization
[thrombolysis in cerebral infarction (TICI) grade 2a or greater] without complications. The NIHSS score
at 30 days after the treatment ranged between 0 and 28 (mean: 12.4), and improved more than 10 points
in 4 of the 7 patients (57.1%). To obtain good recanalization without complications, selection of suitable
reperfusion catheter and careful manipulation of separator prefiguring the occluded distal vessels are
essential. The improved NIHSS score at 30 days after the treatment may have led to favorable results,
such as an increased participation in available rehabilitation programs and the alleviation of the burden
of care. Our findings suggest that the Penumbra system might be effective for treatment in elderly patients
or patients with high NTHSS score wherein rt-PA therapy is inadvisable or ineffective in ischemic stroke
secondary to large vessel occlusion. Recanalization can improve their quality of life on condition that the
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procedure is performed successfully without serious complications.
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Introduction

Intravenous recombinant tissue-type plasminogen
activator (rt-PA) therapy is generally administered
to patients within 4.5 hours after the onset of symp-
toms associated with ischemic stroke. Conversely,
mechanical clot retrieval using the Penumbra system
(Penumbra Inc., Alameda, California, USA) is an
alternative approach to attempt recanalization in
patients whereby intravenous rt-PA therapy is not
advised or is not effective.’® The Penumbra system
is a mechanical clot retriever for acute occlusion
of the intracranial artery, which has been available
in Japan since October 2011. Here, we report our
early treatment outcomes and discuss the usefulness
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of mechanical clot retrieval using the Penumbra
system especially in terms of technical cautions
during the procedure and adaptability to elderly
and high National Institutes of Health Stroke Scale
(NIHSS) patients in cases of embolic intracranial
arterial occlusion.

Materials and Methods

Between November 2011 and October 2012, mechanical
clot retrieval was performed at our hospital by using
the Penumbra system. The patients who did not
undergo intravenous rt-PA therapy due to delayed
arrival or unclear onset time, and those whose reca-
nalization could not be observed in DSA 1 hour after
the intravenous rt-PA therapy, were included in the
study. A high signal intensity area was examined
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on diffusion-weighted imaging (DWI) in all patients,
which accounted for less than 50% of the area
supplied by the occluded vessel. The extent of
early ischemic change on DWI was assessed by the
Alberta Stroke Programme Early Computed Tomog-
raphy Score (ASPECTS) +W proposed by the ASIST-
JAPAN (http://asist.umin.jp/). During this period, the
Penumbra system was used in 8 patients. However,
to evaluate only the patients treated for embolic
occlusion, 1 patient with acute occlusive disease
caused by arteriosclerotic stenosis was excluded
from the study. In the Penumbra system, aspira-
tion and retrieval of the thrombus are achieved by
introducing a reperfusion catheter for aspiration to
the site of occlusion with thrombus and putting
an attached separator into and out of the catheter
to apply negative pressure with a pump.?*® The
treatment was performed under general anesthesia
or deep sedation in all patients. The Penumbra
reperfusion catheters 054 and 032 were used in
6 patients, and the Penumbra 041 was used in 1
patient. The patients were 4 men and 3 women,
aged 64 to 86 years (mean: 71.7 years). The sites
of occlusion included the internal carotid artery in
1 patient, anterior and middle cerebral arteries in
1 patient, middle cerebral artery in 4 patients, and
basilar artery in 1 patient (Table 1). Three of the
7 patients had atrial fibrillation. We assessed pre-
treatment Glasgow Coma Scale (GCS) scores, NIHSS
scores, post-treatment thrombolysis in cerebral infarc-
tion (TICI) grades, duration of treatment, pre- and
post-treatment magnetic resonance imaging (MRI),
and modified Rankin Scale (mRS) scores at 30 and
180 days after the treatment.

Results

The patient characteristics and treatment results are

Table 1 Patient characteristics and clinical outcome
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summarized in Tables 1 and 2. The pre-treatment
NIHSS score ranged from 11 to 36 (mean: 24.9),
and GCS score from 6 to 12 (mean: 8.0). The time
from onset to puncture ranged from 180 to 380
min (mean: 269.0 min, onset time was unknown
in 2 patients), the time from onset to recanaliza-
tion from 240 to 465 min (mean: 346.0 min), and
the time from admission to puncture from 60
to 168 min (mean: 119.9 min).” The time from
puncture to recanalization spanned from 46 to
105 min (mean: 75.9 min), the time from the start
of aspiration to recanalization from 11 to 50 min
(mean: 26.1 min), and the actual aspiration time
from 6 to 20 min (mean: 11.1 min). The mean
volume of blood aspirated was 134.3 mL (range:
100 to 250 mL). All patients showed complete
or near-complete recanalization of the occluded
arteries with the post-treatment TICI grades of 2a
or more, and 5 of the 7 patients (71.4%) had the
TICI grades of 2b or more. No patients experienced
complications including intracranial hemorrhage in
association with the procedure. The NIHSS score
at 30 days after the treatment ranged from 0 to 28
(mean: 12.4) and improved more than 10 points in
4 of the 7 patients (57.1%). The mRS scores at 30
days after the treatment were 0 in 1 patient, 4 in
5 patients, and 5 in 1 patient; and the mRS scores
at 180 days after the treatment were 0 in 1 patient,
3 in 1 patient, 4 in 4 patients, and 5 in 1 patient.
Representative cases are presented below.

I. Case 2: A 71-year-old woman (Fig. 1)

The time of onset was unclear. The patient was
lethargic and showed right hemiplegia with a GCS
score of 12 (E4V2M6) and NIHSS score of 11. Elec-
trocardiogram showed arterial fibrillation. Magnetic
resonance angiography (MRA) showed occlusion of
the left internal carotid artery although DWI showed

Age/

ASPECTS + W

NIHSS mRS mRS

Case Sex Location GCS NIHSS pre/post (30 days) (30 days) (180 days) Complication
1 71/F R.ICA 7 19 5/4 13 4 4 (-)
2 71/F L.A1&M1 12 11 11/10 0 0 0 (-)
3 64/M R.M1 11 20 717 8 4 4 ()
4 68/F LM1 6 36 5/4 28 5 5 ()
5 78/M L.M1 6 23 5/4 16 4 4 (-)
6 86/M L.M2 7 30 9/7 16 4 3 )
7 64/M BA top 7 35 NA 6 4 4 (-)

(-): absent. ASPECTS: Alberta Stroke Programme Early Computed Tomography Score, BA: basilar artery, F: female, GCS: Glasgow
Coma Scale, ICA: internal carotid artery, L.: left, M: male, mRS: modified Rankin Scale, NA: not available, NTHSS: National Insti-

tutes of Health Stroke Scale, R.: right.
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Table 2 Summary of treatment and radiological result

Onset to Onset to Admission to  Puncture to L Aspiration
. e S Aspiration
Case  Device puncture recanalization puncture recanalization . . volume TICI
. . . . . . . . time (min)
time (min) time (min) time (min) time (min) (mL)
054
1 032 260 315 111 55 10 100 2a
054 . .
2 032 () ) 60 46 8 110 3
054
3 032 180 240 150 60 8 120 2b
4 054 325 430 115 105 6 100 2b
032
054
5 032 380 465 68 85 11 120 2a
6 041 200 280 168 80 20 140 2b
054 . .
7 032 () (-) 167 100 15 250 2b

“Onset time is unknown. TICIL: thrombolysis in cerebral infarction.

Fig. 1 A: The DWI on admission showed no acute cerebral infarction. B: Occlusion at the end of the left internal
carotid artery was shown on MRA. C: The end of the left internal carotid artery was visualized and occlusion
of the A1 and M1 segments were shown on cerebral angiography. D: The Penumbra reperfusion catheter 054
was guided to the left M1 segment. E: A complete recanalization of the left middle cerebral artery was achieved.
F: The DWI performed on the following day of recanalization therapy showed a small cerebral infarction of the
left basal ganglia, which was asymptomatic. G: The MRA performed on the following day of recanalization therapy
demonstrated a complete recanalization. DWI: diffusion-weighted imaging, MRA: magnetic resonance angiography.

no high signal intensity area (ASPECTS+W score of
11). After general anesthesia, cerebral angiography was
performed, showing visible end of the left internal
carotid artery but occluded A1 and M1 segments.
We attempted mechanical recanalization of the left
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middle cerebral artery alone because good collateral
blood flow was noted in the area of the left anterior
cerebral artery through the anterior communicating
artery. A 7-Fr guiding sheath was placed in the left
internal carotid artery and a micro guide wire was
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introduced to the M2 segment of the left middle
cerebral artery. The Penumbra 054 was advanced
just before the thrombus in the M1 segment with
the Penumbra 032 arranged coaxially, and aspira-
tion through the Penumbra 054 was initiated using
a separator. The thrombus was located in the M1
segment, and the angle of the M1-M2 bifurcation was
obtuse and the separator could easily be advanced
to the M2 segment. A complete recanalization of
the middle cerebral artery was achieved in a short
period of time. The TICI score of the M1 segment
was 3, and no hemorrhagic complications were
observed in brain CT after the treatment. The time
from puncture to the start of aspiration was 26
min, and the time from the start of aspiration to
recanalization was 20 min (the actual aspiration
time was 8 min). The volume of blood aspirated
was 110 mL. The DWI obtained on the following
day showed a small cerebral infarction in the basal
ganglia, and the ASPECTS+W score was 10. At 30
days after the onset, both NIHSS and mRS scores
were 0. The patient was discharged on foot 19 days

after the onset. mRS score remained 0 at 180 days
after the onset.

II. Case 4: A 68-year-old woman (Fig. 2)

The patient was admitted to the hospital 210
min after the onset of stroke. The patient was
semicomatose and showed right hemiplegia with
a GCS score of 6 (E1V1M4) and NIHSS score of
36. Electrocardiogram showed arterial fibrillation.
MRA showed occlusion of the M1 segment of the
left middle cerebral artery, and DWI revealed a
high signal intensity in approximately 50% of the
area including the left middle cerebral artery. The
ASPECTS+W score was 5. We attempted recanalization
because the DWI showed no high signal intensity in
the area supplied by the superior trunk of the left
middle cerebral artery and the perforating branches
of the M1 segment, and we considered that reca-
nalization might prevent infarction of these areas.
After general anesthesia, a 7-Fr guiding sheath was
placed in the left internal carotid artery and a micro
guide wire was introduced to the left M2 segment.

Fig. 2 A: The DWI on admission showed high signal intensity in the area of the left middle cerebral artery. B:
Occlusion of the M1 segment of the left middle cerebral artery was shown on MRA. C: Cerebral angiography
showed occlusion of the M1 segment of the left middle cerebral artery. D: The Penumbra reperfusion catheters 054
and 032 were guided to the left M1 segment. E: Recanalization of the left middle cerebral artery was achieved.
F: The DWI performed on the following day of recanalization showed a slight increase in infarction volume
in the basal ganglia, but revealed no new cerebral infarction in the area supplied by the superior trunk of the
middle cerebral artery. G: The MRA performed on the following day of recanalization therapy demonstrated no
reocclusion of the recanalized vessels. DWI: diffusion-weighted imaging, MRA: magnetic resonance angiography.
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Fig. 3 A: The DWI on admission showed a high signal intensity area in part of the brainstem, thalamus, and
cerebellum. B: Occlusion of the end of the basilar artery was shown on MRA. C: Cerebral angiography showed
occlusion at the end of the basilar artery. D: The Penumbra reperfusion catheter 054 was guided to the basilar
artery. The left superior cerebellar artery was visualized on the imaging performed before the start of aspiration.
E: Recanalization of the basilar artery was achieved. F: The DWI performed on the following day of recanaliza-
tion showed an increase in infarction volume in the cerebellum and brainstem, but revealed no new extensive
cerebral infarction. G: The MRA performed on the following day of recanalization therapy demonstrated no
reocclusion of the recanalized vessels. DWI: diffusion-weighted imaging, MRA: magnetic resonance angiography.

The Penumbra 054 was advanced just before the
thrombus in the M1 segment with the Penumbra
032 arranged coaxially, and aspiration through the
Penumbra 054 was initiated using a separator. The
thrombus was located at the M1-M2 bifurcation.
When aspiration was continued patiently, the M1-M2
bifurcation appeared gradually and the M2 segment
was actually trifurcated. When the Penumbra 032
coaxially inside the Penumbra 054 was guided
near the M1-M2 bifurcation and the separator was
moved within the safe range, three branches of the
M2 segment were eventually recanalized. The TICI
score was 2b, and no hemorrhagic complications
were noted in brain CT after the treatment. The
time from puncture to the start of aspiration was
55 min, and the time from the start of aspiration
to recanalization was 50 min (the actual aspiration
time was 6 min). The volume of blood aspirated
was 100 mL. The DWI performed on the following

Neurol Med Chir (Tokyo) 54, June, 2014

day showed a slight increase in infarction volume
(ASPECTS+W of 4), but MRA revealed no reocclusion
of the middle cerebral artery. At 30 days after the
onset, NIHSS score was 28, and mRS score was 5.
The patient was transferred to rehabilitation hospital
29 days after the onset. mRS score remained 5 at
180 days after the onset.

ITI. Case 7: A 64-year-old man (Fig. 3)

The time of onset was unclear. On admission, the
patient was semicomatose and showed left hemiplegia
with a GCS score of 7 (E1V1MS5) and NIHSS score
of 35. Occlusion at the end of the basilar artery
was revealed on MRA, and a high signal inten-
sity area was shown on DWI in part of the right
brainstem, thalamus, and cerebellum. After general
anesthesia, cerebral angiography showed an occlu-
sion of the end of the basilar artery with thrombus
and bilateral posterior cerebral arteries that were
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supplied by the posterior communicating artery. A
7-Fr guiding sheath was placed in the left vertebral
artery and a micro guide wire was introduced to the
left posterior cerebral artery. Then, the Penumbra
reperfusion catheter 054 was guided to the basilar
artery with the Penumbra 032 inserted coaxially,
and aspiration was initiated. Although we could
introduce the Penumbra 054 at an ideal location
just before the thrombus, we could not move the
separator in the full range because the separator
was advancing in the perforating branch instead of
passing through the thrombus in the direction of the
posterior cerebral artery. Therefore, we continued
aspiration by carefully putting the separator into
and out of the catheter, then the thrombus was
aspirated gradually and recanalization of the end
of the basilar artery was finally achieved. The
cerebral angiography showed occlusion of the P3
segment of the right posterior cerebral artery, but we
discontinued the manipulation because it seemed
to be difficult to achieve mechanical recanaliza-
tion of this area. The TICI score was 2b, and no
hemorrhagic complications were observed in brain
CT after the treatment. The time from puncture to
the start of aspiration was 70 min, and the time
from the start of aspiration to recanalization was 30
min (the actual aspiration time was 15 min). The
volume of blood aspirated was 250 mL. The DWI
performed on the following day showed a slight
increase in infarction volume, and MRA showed no
reocclusion of the basilar artery. At 30 days after
the onset, NIHSS score was 6 and mRS score was
4. The patient was clear at that time but still had
left hemiplegia, and transferred to rehabilitation
hospital 38 days after the onset. mRS score was 4
at 180 days after the onset.

Discussion

As of May 2013, the Merci retrieval system (Concen-
tric Medical Inc., Mountain View, California, USA)
and the Penumbra system are available as two
mechanical clot retrievers in Japan. The Penumbra
system has been reported to offer higher recanaliza-
tion rates in a short period of time as compared
to the Merci retrieval system.?®*®'Y The reperfu-
sion catheter of the Penumbra system is produced
in sizes 054, 041, 032, and 026 with a dedicated
separator attached to each catheter. In Japan, the
reperfusion catheter is available in 054, 041, and
032. The reperfusion catheter is guided to the exact
proximal portion of the thrombus, and the thrombus
is aspirated by putting the separator into and out
of the reperfusion catheter.24%¢1 The reperfusion
catheter with the largest diameter is Penumbra 054,

which is frequently used for the thrombus located
in the internal carotid artery to the proximal middle
cerebral artery M1, and for the vertebral artery to
the basilar artery.'” We had concerns about guiding
the catheter to the M1 segment, but the catheter
was flexible and easily passed through the internal
carotid artery siphon by using a coaxially mounted
Penumbra 032.*Y If a common 18 size microcatheter
is inserted coaxially during this procedure, the tip of
the Penumbra 054 may damage the vessel wall when
the catheter is advanced through the flexion point
because of the difference in the diameters of the
microcatheter and the Penumbra 054.!Y Furthermore,
because steam shaping of the reperfusion catheter
is possible to some extent, slightly bending the tip
of the catheter before the procedure may facilitate
the catheter passing through the internal carotid
artery siphon. The catheter is very flexible and
the inner lumen of the catheter can be narrowed
or distorted by merely tightening the Y-connector
of the guiding catheter.

The reperfusion catheter must be precisely guided
to the proximal portion of the thrombus and the
separator must be out by approximately 4 mm from
the tip of the catheter to successfully aspirate the
thrombus. However, one cannot put the separator
into and out of the catheter with confidence because
the distal vascular structure cannot usually be iden-
tified based on the thrombus.'¥ When guiding the
reperfusion catheter, one should first guide a typical
microcatheter to the distal part of the thrombus, and
inject a small amount of contrast agent from the
microcatheter to ensure that the catheter is advanced
in the true vessel lumen, and then guide the reperfu-
sion catheter using the exchange method.' During
this procedure, the course of the visualized distal
vessels should be carefully observed. If the sepa-
rator is advancing in the direction of the expected
distal vessels, the separator can be used relatively
safe. However, when the thrombus is located at the
M1-M2 bifurcation or the end of the basilar artery,
the separator is likely to come out of the catheter
and move straight ahead, and sometimes advances
to the vessel walls or perforating branches. In this
case, the separator should not be forcefully pushed
forward. In principle, we perform this manipulation
under general anesthesia or deep sedation because
patient’s movement can prevent us from performing
the procedure safely.

During thrombus aspiration, it is necessary to
select a catheter with a diameter that is similar to
that of the occluded vessel. If a reperfusion catheter
with a clearly smaller diameter than that of the
occluded vessel is used, then restored blood flow
may cause peripheral dispersion of the disrupted
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thrombus that could not be completely aspirated.>®
Partial occlusion of the peripheral blood vessels
was observed after recanalization of the occluded
segment in Cases 4 and 7 in our study. We used
catheters of the largest available size in these cases.
Despite this, the disrupted thrombus was considered
to disperse the peripheral vessels after restoring
the blood flow.

After the reperfusion catheter was guided to the
thrombus, the mean time from puncture to recanali-
zation was 75.9 min, the mean time from the start
of thrombus aspiration to recanalization was 26.1
min, and the mean actual aspiration time was 11.1
min. All patients achieved significant recanalization
of TICI grade 2a or greater. For effective thrombus
aspiration, fine location adjustment of a reperfusion
catheter is necessary. If the catheter is located in
an unstable position and advanced too far by mere
chance, or the catheter does not reach the thrombus,
the thrombus cannot be effectively aspirated. When
the thrombus is effectively aspirated, a high reca-
nalization rate can be achieved in a very short
period of time. Aspiration is typically accomplished
using a pump, but some researchers have reported
that better recanalization was achieved by manual
aspiration using a syringe.! The mean volume of
blood aspirated until recanalization was 134.3 mL,
and no patients required blood transfusion after the
surgery. Although there is little need to care about
total blood loss due to aspiration during the proce-
dure, the possibility of requiring blood transfusion
after the surgery cannot be excluded.

In the Penumbra Pivotal Stroke Trial, 81.6% of
the patients were successfully treated with the
post-treatment thrombolysis in myocardial infarc-
tion (TIMI) grades of 2 or more. Moreover, 24% of
the patients achieved good clinical outcome at 30
days as defined by a composite to the discharge
NIHSS score of 0-1 or improvement of over 10
points, as well as a 30-day mRS score of less than
2.9 Although recanalization of TICI grades 2a or
more was achieved in all 7 patients in our study,
mRS scores after 30 days were 0 in 1 patient, 4
in 5 patients, and 5 in 1 patient, and mRS scores
after 180 days were 0 in 1 patient, 3 in 1 patient,
4 in 4 patients, and 5 in 1 patient. The unfavorable
outcome in our patients compared to the Penumbra
Pivotal Stroke Trial is probably due to the age and
severity of the disease. Many of our patients were
old with a mean age of 71.7 years (63.5 years in
the Penumbra Pivotal Stroke Trial) and had severe
neurological status with a mean NIHSS score on
admission of 24.9 (17.6 in the Penumbra Pivotal
Stroke Trial). Although our patients had poor 30-day
mRS scores compared to the Penumbra Pivotal
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Stroke Trial, NIHSS score was improved more than
10 points in 4 of the 7 patients (57.1%), and these
patients were considered to achieve a good clinical
outcome according to the definition used in the
Penumbra Pivotal Stroke Trial. The mean NIHSS
score was considerably improved from 24.9 before
the treatment to 12.4 at 30 days after the treatment,
which may have led to favorable results, such as
an increased participation in available rehabilitation
program and an alleviation of the burden of care.
Moreover, 12.8% of the patients in the Penumbra
Pivotal Stroke trial had procedural events including
vasospasm, reocclusion of the target vessel, dissec-
tion, and perforation, and 2.7% had events that were
considered serious. On the other hand, no patients
experienced complications including intracranial
hemorrhage in association with the procedure. It
is necessary for surgeons to gain more experience
and master the skills of manipulating catheters and
separators of the Penumbra system.

Recently, two studies on the usefulness of endo-
vascular therapy for acute ischemic stroke have been
published.'?®® In the MR RESCUE study, patients
within 8 hours after the onset of large-vessel, ante-
rior circulation strokes were randomly assigned
into mechanical embolectomy (Merci retriever or
Penumbra system) or standard care.!® The mean
score of 90-day mRS did not differ significantly
between these two groups, and embolectomy was
not superior to the standard care even in patients
showing a favorable penumbra pattern (substantial
salvageable tissue with small infarct core) on CT or
MR perfusion images. Recanalization rate (TICI score
of 2 to 3) in the embolectomy group was low and
achieved in 67% of the patients. The International
Management of Stroke (IMS) III study also showed
no significant difference in functional independence
rate (mRS of 2 or less) with endovascular therapy
after the intravenous rt-PA as compared to intrave-
nous rt-PA alone.'”? However, among patients with
an NIHSS score of 20 or more, there was a tendency
for higher functional independence rate in patients
treated by endovascular therapy after the intravenous
rt-PA (P = 0.06). Various endovascular devices were
used in this study, and the recanalization rates (TICI
score of 2 to 3) varied and were low; e.g., 71% for
the MicroSonic SV (EKOS Corporation, Bothell,
Washington, USA) infusion with intra-arterial rt-PA,
73% for the Merci retriever, 85% for the Penumbra
system, and 75% for the Solitaire FR revascularization
device (ev3 Neurovascular, Irvine, California, USA).

Mechanical clot retrievers other than the Penumbra
system include Solitaire FR, a stent-based clot
retriever.36891415) In particular, stent-based clot retrievers
have been reported to provide high recanalization
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rates. Furthermore, since reperfusion can be expected
at the moment when the stent is expanded, the time
from occlusion to reperfusion may be shortened
as compared with other clot retrievers.' If stent-
based clot retriever becomes available in Japan, we
will have more options for endovascular treatment,
especially those who cannot undergo rt-PA treat-
ment.*81% The development of new revascularization
devices has improved recanalization rates and time
but not clinical outcome. Recently, direct aspiration
of thrombus with a large caliber aspiration catheter
(ADAPT technique) has reported 100% recanaliza-
tion rate in a short time from puncture to at least
TICI 2b recanalization (28.1 min) with excellent
clinical outcome.!” In order to obtain a high reca-
nalization rate, it is necessary not only to introduce
new devices but also to devise an effective use of
these devices and techniques. The benefit of the
endovascular therapy in stroke patients with acute
large vessel occlusion should be examined further
under a condition with a high recanalization rate
using modern revascularization devices.

In conclusion, our findings suggest that the
Penumbra system might be effective for treatment in
elderly patients or patients with high NIHSS score
wherein rt-PA therapy is inadvisable or ineffective in
ischemic stroke secondary to large vessel occlusion.
These patients may result in bed-ridden or dead
without an effective treatment. Recanalization can
improve their quality of life on condition that the
procedure is performed effectively without serious
complications. We need to accumulate more cases
and further examine the efficacy of endovascular
therapy by not only evaluating the rate of mRS
score of 0-2 but also evaluating the rate of mRS
score of 3—4 or the improvement of NIHSS score
in these clinically poor patients.
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