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Manual Aspiration Thrombectomy Using Penumbra
Catheter in Patients with Acute M2 Occlusion :
A Single-Center Analysis

Jung Soo Park, M.D.,"? Hyo Sung Kwak, M.D.??

Departments of Neurosurgery,' Radiology,® and Research Institute of Clinical Medicine of Chonbuk National University-Biomedical Research Institute
of Chonbuk National University Hospital,? Jeonju, Korea

Objective : The efficacy and safety of manual aspiration thrombectomy using Penumbra in an acute occlusion of large intracranial arteries has
been proven in many previous studies. Our study aimed to retrospectively assess the efficacy and safety of manual aspiration thrombectomy using
Penumbra in patients with small vessel occlusions (M2 segment of the MCA).

Methods : We conducted a retrospective review of 32 patients who underwent manual aspiration thrombectomy using the Penumbra 4 MAX Reper-
fusion Catheter for treatment of an M2 occlusion between January 2013 and November 2014. We evaluated immediate angiographic results and
clinical outcomes through review of patient electronic medical records.

Results : There were slightly more men in this study (M : F=18 : 14) and the median age was 72.5 (age range : 41-90). The rate of successful re-
canalization (TICI grade >2b) was 84% (27/32). NIHSS at discharge and favorable clinical outcomes at 3 months were significantly improved than
baseline. Median initial NIHSS score was 10 (range : 4—25) and was 4 (range : 0—14) at discharge. Favorable clinical outcomes (MRS score <2 at 3
months) were seen in 25 out of 32 patients (78%). There were no procedure-related symptomatic intracerebral hemorrhages. One patient expired
after discharge due to a cardiac problem.

Conclusion : Manual aspiration thrombectomy might be safe and is capable of achieving a high rate of successful recanalization and favorable clin-
ical outcomes in patients with distal cerebral vessel occlusion (M2).
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INTRODUCTION

comes™*'®. However, the benefit of aggressive EVT for occlusion
of an isolated M2 segment of a middle cerebral artery (MCA)

The early recanalization of occluded vessels in acute ischemic
stroke (AIS) has been shown to be associated with improved
clinical outcomes and reduced mortality'”. Yet until 2004, the
only FDA-approved treatment modality for AIS was an intrave-
nous administration with tissue plasminogen activator (tPA).
However, because tPA is associated with a low recanalization
rate for large vessel occlusions, intraarterial endovascular thera-
py (EVT), with various mechanical devices such as a retriever
stent or aspiration catheter, was developed and has resulted in
better recanalization of these larger vessels*”"?.

Recently, manual aspiration thrombectomy (MAT), using a
new generation of easy-to-track large-bore aspiration catheters,
as a first approach for AIS has been reported with favorable out-

remains unclear. The purpose of this study was to describe safe-
ty, angiographic and clinical outcomes of MAT using Penumbra
reperfusion catheter (Penumbra, Alameda, CA, USA) in patients
with a solitary M2 occlusion in a single-center analysis.

MATERIALS AND METHODS

This retrospective study was approved by our institutional re-
view board.

Patient selection
From January 2013 to November 2014, 32 patients with AIS
secondary to a solitary M2 occlusion were treated with MAT us-
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ing a penumbra reperfusion catheter as a first-line EVT. All pa-
tients were initially evaluated using computed tomography (CT)
or magnetic resonance (MR) imaging, and angiographic status
of patients was assessed routinely on MR angiography or three-
dimensional CT angiography. Inclusion criteria for EVT were an
initial National Institutes of Health Stroke Scale (NITHSS) >4, no
evidence of intracerebral hemorrhage, obvious major vessel oc-
clusion on CT or MR angiography, infarct core volume less than
one-third of the MCA territory, perfusion deficit more than two-
third of the MCA territory or perfusion deficit volume on MR
at least 30% larger than the lesion volume shown on diffusion-
weighted MR, and patients within 8 hours from onset of symp-
toms. A CT scan was routinely performed immediately after the
procedure.

On admission, the NIHSS score was assessed by a stroke neu-
rologist. Eligible patients who met standard National Institute
of Neurologic Disorders and Stroke criteria were treated with
0.9 mg/kg of IV rtPA”. Subsequent EV'T was considered for pa-
tients with no neurological improvement within 1 h of IV rtPA,
defined as an unchanged NIHSS score from baseline or a wors-
ening neurological deficit.

Recanalization procedure

All procedures were performed under conscious sedation by
the same interventional neuroradiologist with 10 years of expe-
rience. Written informed consent for the EVT was obtained from
all patients or next of kin. After femoral artery puncture, a 100-
cm 8 Fr guide catheter (Guider Softip; Stryker, Natick, MA, USA)
was advanced as distally as possible through a triple coaxial sys-
tem, which was assembled by combining the outermost 80-cm
8 Fr shuttle sheath (Shuttle-SL; Cook, Bloomington, ID, USA)
and inner 125-cm selection catheter (Headhunter; Cook, Bloom-
ington, ID, USA). Then, systemic anticoagulation was initiated
with a 3000-U bolus of intravenous heparin followed by 1000
U/hr infusion. After occlusion of the M2 branch was defined by
angiography, a 4MAX Penumbra reperfusion catheter was ad-
vanced to the level of the thrombus triaxially over a Rebar 18
microcatheter (EV3, Irvine, CA, USA) and Synchro 0.014-inch
guidewire (Stryker, Freemont, CA, USA) under roadmap guid-
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ance. At the level of the thrombus, the guidewire and microcath-
eter were advanced more distally through the thrombus up to
the distal M2 segment of the MCA in order to achieve sufficient
support to track the reperfusion catheter. Next, we gently ad-
vanced the Penumbra catheter and wedged it tightly against the
thrombus. Subsequently, the microcatheter and wire were re-
moved and a 20-mL syringe was connected to the proximal hub
of the reperfusion catheter. Continuous manual aspiration was
performed, maintaining the vacuum state between the tip of cath-
eter and the thrombus while gently withdrawing the Penumbra
catheter through the guide catheter (Fig. 1).

Outcome measures

We retrospectively analyzed patient medical records to deter-
mine demographic, clinical and angiographic data. The degree
of vessel occlusion after treatment was defined by the Thrombol-
ysis in Cerebral Infarction (TICI) scale; successful recanaliza-
tion after treatment was defined as TICI scale score >2b. The
NIHSS and modified Rankin scale (mRS) were checked on ad-

Table 1. Baseline characteristics of 32 patients

Characteristics Patients (n=32)

Age, years (mean+SD) 70.1£10.8

Sex, male [n, (%)] 18 (52)

Risk factor [n, (%)]

Hypertension 16 (50)
Atrial fibrillation 3(9)
Diabetes mellitus 4(13)
Dyslipidemia 5(16)
Smoking 6(19)
History of stroke or TIA 5(16)
Other heart disease 3(9)

Occlusion site
RtS 12 (37)
Rtl 10 (31)
LtS 5(16)
LTI 5(16)

TIA : transient ischemic attack, Rt : right, Lt : left, S : M2 superior division, | : M2
inferior division

. |8

Fig. 1. Patient No. 27. Occlusion of the left M2 superior division. A : An initial anteroposterior angiogram shows occlusion of the proximal portion of the
left M2 superior division (arrow). B : An initial lateral projection of angiography shows no visualization of M2 superior branch. C : Positioning of the
Penumbra 4 MAX catheter in relation to the clot (arrow). D : An immediate post-procedural angiogram shows complete revascularization (TICI 3). E :
Image of the clot retrieved by MAT. TICI : Thrombolysis in Cerebral Infarction, MAT : manual aspiration thrombectomy.
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mission and at 3 months for all patients and a favorable func-
tional outcome was defined as a mRS score of <2. Procedure-
related symptomatic intracerebral hemorrhage (ICH) was defined
as the presence of hemorrhage after treatment with any indica-
tion of increasing NTHSS compared to baseline on admission.
Mortality was defined as death within 90 days from initial attack.
Demographics and outcomes were analyzed using the paired t-
test with PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA).
Statistically significant differences were defined as p<0.05.

RESULTS

From January 2013 to November 2014, one hundred twenty-

Table 2. Clinical and radiologic characteristics of 32 patients

two patients with AIS in the MCA territory were treated with
MAT using a Penumbra reperfusion catheter as a first-line EVT.
Of these patients, 32 with solitary M2 occlusions received MAS
with Penumbra 4 Max.

Baseline, clinical and radiologic characteristics of 32 total sub-
jects are shown in Table 1, 2. The mean age of the patients was
70.1+10.8 years (meantstandard deviation); 56% were men
(18/32). Sites of occlusion were as follows : right M2 superior
division, 37% (12/32); right M2 inferior division, 31% (10/32);
left M2 superior division, 16% (5/32); left M2 inferior division,
16% (5/32). The mean interval from the onset of symptoms to
groin puncture was 3.9+1.5 hours, and mean procedure time
was 33.2+12.6 minutes. Final recanalization result of TICI >2b

Occluded Baseline Discharge Final Onsettodoor OnsettotPA Onsettogroin Procedure Baseline mRSat

Complication

artery NIHSS  NIHSS TICI time (min) time (min)  puncture (min) time (min) mRS 90 days
1 LtS 5 1 3 120 140 163 20 4 0 Small ICH on
infarction core
2 RtS 13 9 2a 42 90 157 25 4 6
3 RtS 10 9 2b 270 N/A 370 50 4 4
4 RtS 13 12 2b 120 175 240 23 4 4
5 RtS 8 3 2b 65 90 155 25 3 2
6 LtI 8 0 3 60 150 240 35 4 0
7 RtI 8 2 3 60 100 180 20 3 1 Small ICH on
infarction core
8 LtI 25 20 3 30 150 280 20 5 4
9 RtS 15 0 0 40 80 140 30 5 1
10 RtI 18 6 2b 280 N/A 400 30 5 1
11 LtS 4 0 2b 300 N/A 400 60 3 0
12 Lt 10 2 2b 100 150 220 40 4 0
13 RtI 7 0 2a 100 130 200 50 2 0
14 RtI 12 0 3 30 40 90 30 4 0
15 RtI 22 8 280 N/A 360 20 4 2
16 RtI 10 6 3 120 160 270 20 3 1
17 RtS 7 4 2b 60 90 150 45 3 1
18 LtS 11 10 3 60 150 240 60 3 3
19 RtI 8 3 2b 30 70 150 30 3 1
20 LtI 16 11 2b 70 100 190 40 4 1
21 Lt 18 4 2b 60 95 210 30 4 1 Small ICH on
infarction core
22 LTS 14 4 3 60 80 180 30 4 0
23 RtS 3 3 120 160 280 40 3 1
24 RtS 5 4 2b 60 85 120 30 3 1
25 RtS 11 5 2a 120 150 240 40 4 3
26 RtI 4 0 2b 160 195 280 60 3 0
27 RtS 12 4 3 40 90 140 35 1 1
28 RtS 6 3 35 65 390 20 4 2
39 RtI 1 3 75 150 360 40 2 0
30 RtI 10 4 3 135 190 370 15 2 1
31 LtS 17 14 3 20 80 140 30 4 4
32 RtS 10 7 3 30 100 197 20 4 2

NIHSS : National Institute of Health Stroke Scale, TICI : Thrombolysis in Cerebral Infarction, tPA : tissue plasminogen activator, mRS : modified Rankin scale, ICH : intracere-

bral hemorrhage, N/A : not applicable, S : M2 superior division, | : M2 inferior division
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was achieved in 84% (27/32), and TICI 3 in 47% (15/32) of pa-
tients. Baseline NIHSS score was 10.9+5.1, and improved to
4.3+4.0 by the time of discharge. Favorable functional outcomes
(mRS score <2 at 3 months) resulted in 25 out of 32 (78%) pa-
tients, with one death occurring after discharge (Table 3). There
were three cases of procedure-related small ICH, but without
neurologic deterioration.

DISCUSSION

Infarction of the MCA territory accounts for the largest pro-
portion of AIS populations. Depending on the specific MCA
occlusion site, initial presentations and clinical outcomes can
manifest very differently. The patients with a MCA main trunk
(M1) infarction demonstrated a severe neurological deficit and
had poor functional outcomes similar to occlusions in the inter-
nal carotid artery (ICA)". Thus, early recanalization of M1 oc-
clusion is crucial in order to achieve good functional outcomes,
regardless of treatment modality. Comparatively, isolated M2
segment infarctions tend to display relatively mild neurological
symptoms compared to M1 occlusions. This is because the M2
division usually separates into at least two branches and involves
a more limited vascular territory™'”. For this reason, the benefit

Table 3. Demographics and outcomes of MAT in patients with solitary
M2 occlusion

Outcome parameter p value*
Final TICI [n (%)]
0-2a 5(16)
2b 12 (37)
3 15 (47)
NIHSS (mean+SD) <0.0001
Baseline 10.945.1
Discharge 4.3+4.0
mRS <2 [n (%)] <0.0001
Baseline 4(13)
At 90 days 25 (78)

*Paired t-test. MAT : manual aspiration thrombectomy, TICI : Thrombolysis in Ce-
rebral Infarction, NIHSS : National Institutes of Health Stroke Scale, mRS : modi-
fied Rankin scale
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of aggressive EVT for M2 occlusions remains a controversial is-
sue. However, the prognosis of AIS due to M2 occlusions is not
always favorable, and a small, yet strategic cerebral infarction
may still lead to permanent disabilities. Sheth et al."” reported
that half of patients with M2 occlusions were discharged with
moderately severe disability or death; a rate comparable to that
of patients with M1 occlusions. Also, Wolpert et al.” reported
an insufficient efficacy of IV tPA for M2 occlusions; a recanali-
zation rate of only 30%. Given these facts, solitary M2 occlu-
sions should be considered as potential targets for EVT.

Despite this, previous studies have reported conflicting results
about the efficacy of early recanalization of M2 occlusions"'*"”.
Broderick et al.” reported similar safety outcomes and no sig-
nificant differences in functional independence with EVT after
IV tPA, as compared with IV tPA alone. Rahme et al."” and Tom-
sick et al.”” concluded that a positive correlation between suc-
cessful early reperfusion and a favorable outcome could not be
applied to patients with M2 occlusions. Yet, more recently, some
other studies presenting a positive correlation between early re-
canalization via EVT and favorable outcomes in patients with
M2 occlusions have been reported™**'¥, Although reported re-
canalization rates and favorable functional outcomes in the lit-
erature have a variable range, these results overall showed com-
parative or favorable outcomes compared with traditional IV
tPA treatment (Table 4). In particular, our work using a penum-
bra 4 MAX catheter showed a higher recanalization rate com-
pared with other solitary M2 occlusion case series. We felt it was
very important that the reperfusion catheter tip be brought into
close contact with the thrombus in order to increase the recanali-
zation rate. Thus, the authors advanced a relatively large-bore 8 Fr
shuttle sheath and guiding catheter as distally as possible for
proximal support, and used a 153-cm long Rebar 18 microcathe-
ter (EV3, Irvine, CA, USA), which is more than 3 cm longer com-
pared with other commercial microcatheters, to achieve suffi-
cient distal support. Through these technical measures, we could
easily track and advance the Penumbra catheter into the throm-
bus during procedures and consequently, obtain higher recana-
lization rates and favorable outcomes.

Currently, the main instruments of EVT for AIS are stent-re-

Table 4. Studies showing favorable outcomes of EVT for patients with solitary M2 occlusions

Case Successful Favorable clinical "
savilaos numbers (n)  recanalization rate (%) outcome (%) Bl imaea s Comm
Shi et al. (2010)"” 28 82.1 40.7 Stent retriever Subgroup analysis of the
MERCI trial
Rahme et al. (2013)” 30 50 53.3 IA r-proUK Subgroup analysis of the
PROACT 1I trial
Sheth et al. (2014)" 52 44 55.3 IA tPA, MERCI, angioplasty, ~ Single-center using
Solitaire, mechanical Multimodal techniques
disruption
Flores et al. (2015)” 65 78.5 IA tPA, stent retriever Multicenter analysis
Present series 32 84 Manual aspiration Single-center analysis using
thrombectomy (MAT) MAT only
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trievers that displayed device efficacy and favorable clinical out-
comes in several comparative randomized trials”*'”. However,
most of the patients in those trials were diagnosed with AIS due
to large vessel occlusion, so the efficacy and favorable outcomes
of stent-retrievers are not applicable to solitary occlusions in rel-
atively smaller vessels, such as the MCA-M2. Indeed, M2 divi-
sions of the MCA are more distal vessels with a smaller caliber
and thinner walls compared with the ICA or M1 trunk, render-
ing them more vulnerable to possible vessel wall damage during
retraction of the deployed stent™"”.

Recently, several reports have described a manual aspiration
technique known as MAT, forced-suction thrombectomy, or the
ADAPT technique with promising results regarding recanaliza-
tion rate, cost effectiveness, procedure duration and functional
outcomes™*'”. These techniques are generally carried out using
the newest generation of flexible and large-bore catheters. In
our study, we applied MAT for solitary M2 occlusions with the
Penumbra 4 MAX catheter. Our preliminary results indicate that
this technique is feasible as a first-line therapy for relatively thin
and small M2 lesions. In addition, the evolution of devices, such
as more supportive microcatheters and more flexible catheters,
is expected to provide an expanding scope of application for the
manual aspiration technique in EVT for AIS.

To our knowledge, this report is the first single-center case
analysis describing the safety and favorable outcomes of MAT
using large-bore and flexible catheters for solitary M2 occlusions.
However, our study has several limitations. First, it lacks a pro-
spective design; second, our study is a relatively small case series;
third, we lack a control group, such as patients treated with oth-
er EVT modalities or medical therapy.

CONCLUSION

In our experience, MAT using the Penumbra 4 MAX catheter
can achieve good angiographic and functional outcomes with-
out serious complications in patients with solitary M2 occlu-
sions. Further well-designed prospective randomized studies
should provide definitive evidence regarding this approach com-
pared with other treatment modalities in M2 occlusion.
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