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Abstract

Stroke is an important cause of death and disability in
adults. However, effective treatments for patients with
acute ischemic stroke are limited. Intravenous recombi-
nant tissue plasminogen activator (/v rtPA) within 4.5 h
after onset has been approved as a standard treatment
for patients with acute ischemic stroke. However, due
to time constraints, less than one percent of acute isch-
emic stroke patients in Thailand are able to obtain /v
rtPA. Although endovascular interventional therapy has
not yet been approved as standard treatment in acute
ischemic stroke, it is the one of the potentially effective
treatment options. There are several reliable methods
of endovascular therapy for acute ischemic stroke pa-
tients. Endovascular interventional therapy has rarely
been done in Thailand. We report seven patients with
successful recanalization after endovascular treatment
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in acute large vessel stroke from a single stroke center
in Thailand. Patient screening and selection with multi-
modal imaging protocol and multimodality methods of
endovascular interventional therapy are described.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: We report seven patients with successful re-
canalization after endovascular treatment in acute large
vessel stroke from a single stroke center in Thailand.
Patient screening and selection with multimodal imag-
ing protocol and multimodality methods of endovascu-
lar interventional therapy are described.
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INTRODUCTION

Stroke is the leading cause of adult disability, particularly
in the elderly, and remains the third most common cause
of death in the developing world, as well as in Thai-
land"?. Despite improving the quality of stroke manage-
ment, morbidity and mortality related to stroke remain
signiﬁcantm. Intravenous recombinant tissue plasmino-
gen activator (7 rtPA) is a standard treatment for patients
with acute ischemic stroke!. The NINDS study shows
that zv rtPA given within 3 h of stroke onset improves
the modified Rankin Scale (mRS) at 90 d!. The recent
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Table 1 Summary of clinical presentation, treatment provided and clinical outcome

Sex Age Location NIHSS Onset (h) AF /v rtPA (mg) ia rtPA(mg) Solitaire Penumbra Carotid stent Final mRS Any ICH sICH
1 E 56 ICA 20 3 - 59 8 Y - - 2 N N
2 EF 80 BA NA 5.5 Y - - - 032” - 4 N N
8] M 64 ICA, M1 10 5.5 - - - - - Wall stent 1 N N
4 M 81 BA 30 13 Y - - Y - - 0 N N
5 M 61 M1 9 6 - - 5 - - - 0 Y N
6 E 87 BA NA 5 Y - 5 - 041” - 4 N N
7 M 70 M1 NA 5 - - 5 - 041” - 2 Y N

F: Female; M: Male; ICA: Internal carotid artery; BA: Basilar artery; NIHSS: National Institutes of Health Stroke Scale; iv rtPA: Intravenous recombinant tis-
sue plasminogen activator; ia rtPA: Intra-arterial recombinant tissue plasminogen activator; NA: Not available; Y: Yes; N: Not.

ECASS3 trial expands indication of intravenous rtPA
to 4.5 h'. Clinical benefit from i» rtPA to Thai stroke
patients has been shown in studies®. However, most
stroke patients are still not able to get 7 rtPA due to de-
layed arrival and tight exclusion criteria”.

Identification of ischemic penumbra with diffusion-
perfusion mismatch by magnetic resonance imaging
(MRI) may have a role in patient selection for further
treatment in acute ischemic stroke!'™'". However, the
benefit on clinical outcomes of this imaging selection for
endovascular treatment in patients with acute ischemic
stroke is still controversial'"”.

Intra-arterial thrombolysis is a viable option to some
patients who arrive after the 3 h". The PROACT TI trial
showed that recanalization rate and functional outcomes
are better with intra-arterial thrombolysis' . Mechanical
thromboembolectomy in acute ischemic stroke has re-
ceived intense interest in recent years. The multi MERCI
trial shows that clot removal with the device, which can
be done up to 8 h after stroke onset, raises the recanaliza-
tion rate up to 60%!'"”. The Penumbra Pivotal trial shows
that continuous thrombus aspiration with a Penumbra
catheter can improve the recanalization rate to more than
80%""". The SWIFT trial shows that clot extraction with
the Solitaire device in large vessel occlusion, including
internal carotid artery (ICA), middle cerebral artery part 1
(M1), middle cerebral artery part 2 (M2) and basilar artery
(BA), also provides a recanalization rate of up to 80%!"",
Unfortunately, the two most recent trials published in a
landmark journal do not show any benefit in functional
outcomes from endovascular treatment in acute ischemic
stroke!"™").

In Thailand, endovascular interventional therapy
rarely has been performed in patients with acute ischemic
stroke. Intra-arterial recombinant tissue plasminogen
activator (7z rtPA) is an option in some medical centers.
Imaging selection is also optional for decision making in
some centers. Recently, Solitaire and Penumbra devices
have been available for commercial use. We report our
initial experiences with these procedures.

Phyathai 2 is a private hospital located in central of
Bangkok. This 200 bed hospital provides 20 intensive
care unit beds for medical intensive conditions, includ-
ing acute ischemic stroke. The medical records of pa-
tients who received endovascular interventional therapy
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for acute large vessel occlusion (ICA, M1, M2 and BA)
in Phyathai 2 Hospital during February 2010 to January
2013 were reviewed.

Endovascular interventional therapy protocol
Acute ischemic stroke patients who were not eligible for
v £tPA or who still had significant deficits after /v rtPA
were evaluated by the stroke neurologist (SM). A stroke
interventional team (Jongsathapongpan A, Raumthan-
thong A) was alerted. Multimodal MRI (conventional
MRI with MRA and MR perfusion) was done on an
emergency basis. If the diffusion-perfusion mismatch
was more than 20%, the patient would be transferred to
the catheterization lab for endovascular treatment. The
anesthesiologist was standing by in the cathetetization lab.
The right femoral artery was cannulated with an 8 F
sheath. Selective angiography of the carotid or vertebral
artery was done with a 5 IF Simmon 1 or a 5 FF JR4 cath-
eter. The aortic arch angiogram and 4 vessel DSA were
not routinely performed. If an occluded artery was con-
firmed, a 6 F 90 cm sheath was placed as far as a distal
cervical ICA or a distal V2 segment. A 018 microcatheter
was advanced over the guidewire to the occlusion site.
Low dose ia rtPA (less than 5 mg) was given. If no clot
lysis was seen, continuous clot aspiration using a Penum-
bra device or clot extraction with a Solitaire device was
performed.

CASE REPORT

We identified 7 cases. Age ranged from 56-87 years. Na-
tional Institutes of Health Stroke Scale (NIHSS) ranged
from 9-30. Multimodal MRI was done in 6 of 7 cases
(86%). There were 2 patients with ICA occlusion, 2 with
middle cerebral artery (MCA) occlusion and 3 with BA
occlusion. Carotid stenting was performed in one case. 7
rtPA, mechanical thrombectomy and combined treatment
were done in 4, 5 and 3 cases, respectively. Solitaire and
Penumbra devices were used in 2 and 3 cases, respective-
ly. Only 1 patient received intervention after intravenous
thrombolysis. Case presentation and treatment are sum-
marized in Table 1.

Case 1
Left distal ICA occlusion opened with iz rtPA and
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Solitaire device: A 56-year-old female presented with
right hemiparesis and aphasia. She arrived at hospital 1
h after onset. Emergency computed tomography (CT)
brain showed cord sign in left MCA and distal ICA. Ini-
tial NIHSS was 20. Electrocardiography (EKG) showed
normal sinus rhythm. Echocardiography showed no
intracardiac thrombus. 7 rtPA was given 90 min after on-
set. No neurological improvement was noted. Two hours
after 7v rtPA, angiography was done. We found distal ICA
occlusion. Balloon inflation with a 2.0 mm X 15 mm
coronary balloon was attempted without success. Eight
milligrams of 7z rtPA was infused. No clot lysis was seen.
Then, a 4.0 X 15 Solitaire device was deployed 5 h after
onset. Immediate angiography showed thrombolysis in
cerebral infarction (TICI) 2 flow. The Solitaire was slowly
pulled back and a large thrombus was removed. Residual
stenosis of mid M1 persisted but it resolved after 1 mg
of nimodipine. Final angiography showed TICI 3 in M1
and anterior cerebral artery part 1 (Al). Occlusion of
anterior cerebral artery part 2 (A2) was noted. No further
intervention was attempted. Six months after the proce-

dure, mRS was 2 (Figure 1A and B).

Case 2

BA occlusion opened with 7z rtPA and Penumbra
device: An 80-year-old female presented with alteration
of consciousness. She had hypertension and chronic AE
Warfarin had been discontinued during the last month
for unknown reasons. Immediate CT brain showed hy-
perdense basilar artery. MRI and MRA brain revealed
small right cerebellar infarction and occlusion of mid
basilar artery. Patent bilateral fetal type posterior cerebral
artery was noted. Echocardiography showed no intracar-
diac thrombus. She was transferred to the catheterization
lab 5.5 h after onset. Angiogram showed near occlusion
of mid BA. Continuous thrombus aspiration with a 032
Penumbra catheter was done. TICI 3 was seen from
proximal to mid basilar artery and bilateral superior cer-
ebellar artery. Occluded distal basilar artery could not be
opened. MRI brain on the next day showed bilateral su-
perior cerebellar infarction. No intracranial hemorrhage
was seen. After 3 mo mRS was only 4. Four months later,
she suffered from a left MCA stroke despite dabigatran
maintenance. No thrombolytic drug was given because
of late presentation (Figure 1C and D).

Case 3

Tandem ostial left ICA and distal M1 occlusion
opened with carotid stent: A 64-year-old male was
admitted for prostate surgery. Two days after the opera-
tion, he developed a right hemiparesis and dysphasia.
Initial NIHSS was 10. MRI and MRA brain showed small
left MCA infarction and severe ostial left ICA stenosis.
Because of symptom fluctuation, 7 rtPA was not given.
Endovascular treatment was done because of a large
diffusion-perfusion mismatch (> 20%). Angiography was
done 5.5 h after onset. Critical ostial ICA stenosis and oc-
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clusion of supraclinoid ICA were seen. After deployment
of a distal protection device, carotid stenting was done
using 7.0 mm X 30 mm WALLSTENT™. Angiogram
showed good flow of left ICA. Occluded distal M1 was
noted. No further intervention was attempted because of
good collateral flow. Two days after the procedure, NI-
HSS was 1 and mRS was 1 (Figure 1E and F).

Case 4

Basilar artery occlusion opened with Solitaire device:
An 81-year-old male presented with left hemiparesis. He
arrived at hospital 7 h after onset. He had hypertension,
dyslipidemia and chronic atrial fibrillation. Echocardiog-
raphy revealed no intracardiac thrombus. MRI and MRA
brain showed small right cerebellar infarction and mid
basilar artery occlusion. He was transferred to the cath-
eterization lab 13 h after onset. Angiography showed tor-
tuous left vertebral artery and occluded proximal BA. We
failed to advance a 5 F hydrophilic catheter over the left
vertebral artery. Then, a homemade 90 cm shortened JR
7 I guiding catheter was placed at the proximal vertebral
artery. A 4.0 mm X 15 mm Solitaire was deployed at the
basilar artery. After thrombus extraction, TICI 3 flow of
basilar was noted. Some residual thrombus remained in
the basilar artery. No further intervention was attempted.
He regained full consciousness the next day. Final NIHSS
was 1 and mRS was 0 (Figure 1G and H).

Case 5

Left distal M1 occlusion opened with iz rtPA: A
61-year-old male presented with right arm weakness and
dysphasia. He arrived at hospital 1 h after onset. Initial
NIHSS was 9. EKG was sinus thythm. Echocardiogra-
phy showed no intracardiac thrombus. MRI and MRA
brain revealed small infarction in the left MCA area and
left distal M1 occlusion. A large diffusion-perfusion mis-
match was seen. He was transferred to the catheterization
lab 4 h after onset. Angiography showed occlusion of
superior M2 and slowed flow in the inferior M2 branch.
Good pial collateral flow to the left superior M2 area
was seen. Five milligrams of zz rtPA was given. TICI 3
flow of M1 and inferior M2 was noted. The superior M2
branch was still occluded. No further intervention was
attempted. CT brain on the next day showed small spot
hemorrhage in the left temporal lobe and small infarction
of the left corona radiata. Right hemiparesis improved
after the procedure. Three months later, he had only mild
dysphasia and mRS was 0 (Figure 11 and J).

Case 6

BA occlusion opened with 7z rtPA and Penumbra de-
vice: An 87-year-old female patient was referred to our
hospital because of loss of consciousness. Initial CT' scan
showed no significant hypodense area. EKG showed atri-
al fibrillation. MRI and MRA brain showed left pontine
infarction and small bilateral cerebellar infarction. She
was transferred to the catheterization lab 5 h after onset.
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Figure 1 Case angiogram. A: Pre-procedure imaging showed occlusion of distal left internal carotid artery (black arrow); B: Post-procedure imaging showed good
flow of middle cerebral artery (MCA) and A1 (white arrow), occlusion of A2 (arrowhead) was noted; C: Pre-procedure imaging showed near total occlusion of mid basi-
lar artery (BA) (black arrow); D: Post-procedure imaging showed improved in mid BA, distal BA (arrowhead) still occluded; E: Pre-procedure imaging showed critical
stenosis of ostial left including internal carotid artery (ICA) (black arrow); F: Post-procedure imaging showed mild residual stenosis of proximal ICA after carotid stent-
ing (arrowhead); G: Pre-procedure imaging showed proximal BA occlusion (black arrow); H: Post-procedure imaging showed patent BA with some residual thrombus
in proximal part (arrowhead); I: Pre-procedure imaging showed thrombotic occlusion of superior M2 branch and slow flow of inferior M2 branch (black arrow); J: Post-
procedure imaging showed good flow of inferior M2 branch, superior M2 branch still occluded and that area was supplied from pial collateral (arrowhead); K: Pre-
procedure imaging showed occlusion of distal BA (black arrow); L: Post-procedure imaging showed patent BA (white arrow) and right posterior cerebral artery (PCA),
with left PCA still occluded (arrowhead); M: Pre-procedure imaging showed occlusion of distal left M1 (black arrow); N: Post-procedure imaging showed good flow of
left MCA (arrowhead) and all branches.

Angilogram showed occlusion of distal BA. iz rtPA 5 mg with Penumbra 041 catheter was done. Complete clot re-
was given without improvement. Four minutes of contin- moval was seen. CT brain on the next day showed small
uous thrombus aspiration with a Penumbra 041 catheter subarachnoid hemorrhage in the left sylvian fissure. No
was done. Complete clot removal was seen. FU CT brain new infarction was seen. Three months later, he had only
on the next day showed no intracranial hemorrhage but a mild weakness of the right arm and mRS was 2 (Figure
new right occipital lobe infarction was seen. Despite the 1M and N).

good angiographic outcome, she only had mRS 4 on the
final visit (Figure 1K and L).

DISCUSSION
Case7 We described 7 cases of endovascular treatment with suc-
Left M1 occlusion opened with 7z rtPA and Penum- cessful recanalization in acute ischemic stroke patients.
bra device: A 70-year-old male patient was referred to ~ Good outcome, defined by mRS less than 2, wete found
our hospital because of stupor, right hemiplegia and ~ in 5 of 7 cases (71%). When mechanical thromboem-
aphasia. He had diabetes, hypertension and was post bolectomy devices were used, successful recanalization
coronary artery bypass surgery. EKG showed normal rate and good outcome were found in 80% and 60%,

sinus rhythm. Echocardiography showed no intracardiac ~ tespectively, which are comparable to 81% and 25%,
thrombus. Initial CT scan showed old cerebral infarc- respectively in the PENUMBRA pivotal trial and 61%
tion and so 7 rtPA was not given. MRI and MRA brain and 58%, respectively in the SWIFT trials. There was no
showed occlusion of left M1. DWI showed no acute ~ mortality in our series, compared to 38% in the PEN-
infarction. He was transferred to the catheterization lab 5 UMBRA pivotal trial and 17% in the SWIFT trial. In our

h after onset. Angiogram showed occlusion of left distal ~ series, intracranial hemorrhage and symptomatic intracra-
M1. iz rtPA 5 mg was given via a Rebar microcatheter ~ nial hemorrhage were found in 28% and 0%, respectively,
without success. Three minutes of continuous aspiration ~ Wwhich is comparable to 28% and 11%, respectively in the
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PENUMBRA pivotal trial and 17% and 2%, respectively
in the SWIFT trial"*'"”. In our case series, younger (less
than 80 years old) patients and good collateral supply
were good prognostic indicators. We observed that in pa-
tients under 80 years old, all patients had good outcome
(4 of 4) and in the presence of collateral supply (case 3
and case 5) a good outcome may be achieved even if the
direct flow cannot be restored.

Multimodal MRI is the most reliable study to select
the patients””. Patients with a small infarct core but
large diffusion-perfusion mismatch are more likely to
have better outcomes™ ™. There is evidence that mul-
timodal CT is also able to identify the infarct core and
penumbra area” . However, high dose of iodinated
contrast usage during CT may be contra-indicated in
some patients””. Application of the ASPECT score with
multimodal CT may be helpful for patient selection and
outcome prediction””.

Intra-arterial thrombolysis is one of preferred treat-
ments in some centers' . Based on the PROACT trial,
patency rate (TICI 2, 3) was 66% and mRS less than 2 at
the 90™ day was 40%, but in our case series, no clot lysis
was found in any case!' . It might be due to the limited
dose of rtPA we used (less than 5 mg) and that the wait-
ing time was too short (average 10-20 min). Anyway, we
believed that z rtPA still had a role in some patients, such
as patients with small thrombus burden and patients with
very tortuous neck arteries. However, it is likely that the
role of 7a rtPA will be surpassed by high efficacy me-
chanical devices in the near future™.

Recently, mechanical thrombectomy devices in acute
stroke have received intense interest””. High patency
rate (61%-86%) and improved clinical outcome were
reported in the SWIFT, PENUMBRA and TREVO tri-
als"*" However, individual devices may have their
own technical issues. A stent based device, using a drag-
ging method, may cause thrombus embolization into
new territory. The possible solutions for this problem
are to allow the device to “ingest” the thrombus for few
minutes, to slowly pull back (1 cm/min) and to add as-
piration force through the sheath or guide catheter. The
advantage points of stent based devices are small delivery
profile and speed of recanalization”.

Continuous thrombus aspiration using a Penumbra
device has one inherited problem, that is “proﬁle”m‘ﬂ.
Because of a larger profile, it may require delivery in
triaxial fashion over the guidewire and microcatheter.
The strong advantage of a Penumbra device is more
complete clot removal and less embolization into new
territory”™. This could benefit the patients with large
thrombus burden and in the situation with residual
thrombus after the dragging method. The aspiration
method, compared to the dragging method, is perceived
to result in less vessel trauma. Clinical trials reported no
difference in intracranial hemorrhage, compared to the
Solitaire device”**,

We plan to reduce time to recanalization in our cen-
ter. Focused stroke MRI protocol may shorten it by a
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few minutes in this critical condition. Using multimodal
CT instead of MRI may also be a time saver. An inter-
ventionist should be available 24/7. Activation of the
interventional team during the imaging study is crucial.
Using mechanical thromboembolectomy as a first line
treatment, instead of intra-arterial thrombolysis, should

be of benefit.

COMMENTS

Case characteristics

The authors report seven patients with successful recanalization after endo-
vascular treatment in acute large vessel stroke from a single stroke center in
Thailand.

Clinical diagnosis

There were 2 patients with internal carotid artery occlusion, 2 with middle cere-
bral artery occlusion and 3 with basilar artery (BA) occlusion.

Imaging diagnosis

Multimodal magnetic resonance imaging was done in 6 of 7 cases (86%).
Treatment

Carotid stenting was performed in one case. Intra-arterial recombinant tissue
plasminogen activator, mechanical thrombectomy and combined treatment
were done in 4, 5 and 3 cases, respectively. Solitaire and Penumbra devices
were used in 2 and 3 cases, respectively.

Related reports

Multimodal magnetic resonance imaging (MRI) is the most reliable study to select the
patients.

Experiences and lessons

Focused stroke MRI protocol may reduce time by a few minutes in this critical
condition. Using multimodal computer tomography instead of MRI may also be
a time saver.

Peer review

The manuscript is a nicely written collection of 7 cases of acute ischemic stroke
that were treated with various endovascular techniques. The report is worthy of
being published.
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