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Efficiency of Intravenous Thrombolytic Therapy in Isolated Middle
Cerebral Artery Occlusions: A Computed Tomography
Angiography Study

Izole Orta Serebral Arter Okliizyonlarinda Intravenéz Trombolitik Tedavinin Yeri:
Bilgisayarli Tomografti Anjiyograti Calismasi
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Eskisehir Osmangazi University Faculty of Medicine, Department of Neurology, Eskisehir, Turkey

Abstract

Objective: We aimed to evaluate the outcomes of two groups of patients with acute ischemic stroke who were treated with intravenous recombinant tissue-
plasminogen activator (IV rt-PA); those with isolated middle cerebral artery (MCA) occlusion and those without any large vessel occlusion.

Materials and Methods: Data of patients treated with IV rt-PA within 4.5 hours of symptom onset between March 2015 and January 2017 were retrospectively
analyzed. Patients were divided into two groups; those with isolated MCA occlusion and those with no large vessel occlusion. Large vessel occlusion was detected
with contrast-enhanced computed tomography angiography performed before IV rt-PA. Additionally, demographic and clinical data of the patients were analyzed.
The clinical outcomes of the patients were determined using the modified Rankin Scale (mRS) score at 3 months after treatment.

Results: A tortal of 69 patients were included in the study. Isolated MCA occlusion was observed in 28 (40.6%) patients. The rate of very good outcome (mRS
0-1) was 46.4%, whereas the rate of poor outcome (mRS 3-6) was 42.9% in the group with isolated MCA occlusion. Moreover, in the other group, the rate of very
good outcome and poor outcome were 65.9% and 26.8%, respectively.

Conclusion: In acute ischemic stroke with isolated MCA occlusion, due to the favorable outcomes of the patients, IV rt-PA continues to be the best treatment
option in cases where endovascular treatment options cannot be performed and it should be applied by physicians in appropriate cases without delay.
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Oz

Amag: Intravensz rekombinant doku-plazminojen aktivatérii (IV rt-PA) uygulanan akut iskemik inme hastalarinda izole orta serebral arter (OSA) okliizyonu olan
ve herhangi bir biiyiik damar okliizyonu olmayan iki grubun tedavi yanitlarini ve sonlanimlarini degerlendirmeyi amagladik.

Gereg ve Yontem: inme merkezimizde Mart 2015-Ocak 2017 tarihleri arasinda semptom sonrast ilk 4,5 saat icerisinde IV rt-PA uygulanan hastalarin verileri,
izole OSA okliizyonu olanlar ve herhangi bir biiyiik damar okliizyonu olmayanlar olarak ikiye ayrilarak retrospektif olarak analiz edildi. Bityiik damar okliizyonu;
IV rt-PA 6ncesi yapilan kontrastls bilgisayarli tomografi anjiyografi ile saptandi. Bunun yaninda hastalarin demografik ve klinik verileri degerlendirildi. Hastalarin
klinik sonlanimlari ise tedavinin 3. ayinda hesaplanan ‘the modified Rankin Scale’ (mRS) skorlari ile belirlendi.

Bulgular: Toplam 69 hasta caligmaya dahil edilmis olup, bunlarin 28’inde (%40,6) izole OSA okliizyonu saptandi. Tzole OSA okliizyonu olan grupta ¢ok iyi
sonlanim (mRS 0-1) oran1 %46,4 bulunurken, kétii sonlanim (mRS 3-6) orant %42,9 olarak bulundu. Herhangi bir biiyiik damar okliizyonu olmayan grupta ise
¢ok iyi sonlanim orant %65,9 bulunurken, kétii sonlanim orant %26,8 olarak bulundu.

Sonug: Akut iskemik inmede izole OSA okliizyonu varliginda, IV rt-PA; sagladig1 iyi sonlanim oranlari ile endovaskiiler tedavi se¢eneklerinin uygulanamadig:
durumlarda en iyi tedavi secenegi olmayi siirdiirmektedir ve uygun hastalarda klinisyen tarafindan vakit kaybetmeksizin uygulanmalidir.

Anahtar Kelimeler: Akut inme, orta serebral arter, okliizyon, intravendz rekombinant doku-plazminojen aktivatérii, sonlanim
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Introduction

Intravenous recombinant tissue plasminogen activator (IV rt-
PA) is a valuable and approved treatment in acute ischemic stroke
(1,2). Worldwide, 80% of ischemic strokes are caused by arterial
occlusion and 50% are caused by large vessel occlusion (3,4,5).
However, studies on the efficacy of IV rt-PA according to the site
of occlusion are insufficient. Larger clot load and greater proximal
occlusion due to large vessel occlusion are related with low efficacy
of IV rt-PA and a worse outcome (6,7,8,9).

The current evidence shows recanalization and reperfusion of
the affected vascular territory result in better outcomes and we
have to aim to achieve higher rates of recanalization treatment
(10). Prediction of response to IV rt-PA in large vessel occlusions is
important in the selection of patients for mechanical thrombectomy
and endovascular treatment (11).

We aimed to compare the treatment results and outcomes of
two patient groups to which we gave IV rt-PA treatment alone,
involving patients with isolated middle cerebral artery (MCA)
occlusion and those with no large vessel occlusion in our stroke
center.

Materials and Methods

Patients who received IV rt-PA within 4.5 hours of symptom
onset between March 2015 and January 2017 were included in
our study and were analyzed retrospectively. Intravenous rt-PA was
given at a dose of 0.9 mg/kg (maximum 90 mg) according to the
guideline of the European Stroke Organization. Contrast enhancing
computed tomography angiography (CTA) was performed to all
patients besides cranial CT before giving IV rt-PA. Complete loss
of signal distal of the occluded area in CTA was defined as vessel
occlusion. Large vessel occlusion was defined as occlusion of one of
these arteries detected using CTA before IV rt-PA: Internal carotid
artery (ICA), first segment (M1) or proximal of the second segment
(M2) of the MCA, first segment (A1) of the anterior cerebral
artery, first segment (P1) of the posterior cerebral artery, basilar
artery or last segment (V4) of the vertebral artery (VA) (Figure
1). Angiographic data were evaluated by 2 neurologists. Patients
with other large vessel occlusions besides occlusion of MCA, with
tandem ICA and MCA occlusion, in whom CTA was not performed
and to whom endovascular treatment was performed following IV
rt-PA were excluded. National Institutes of Health Stroke Scale
(NIHSS) scores before and 24 hours after treatment, demographic
data, medical history, and duration between the beginning of
symptoms and treatment were evaluated. The modified Rankin
Scale (mRS) scores 3 months after treatment were measured. mRS
scores 0-1 are defined as very good outcome, 0-2 as good outcome,
and 3-6 as poor outcome.

The study was approved by the Eskisehir Osmangazi University
Faculty of Medicine of Local Ethics Committee (protocol number:
80558721/G-267).

Statistical Analysis

The features of the patients given IV rt-PA who had isolated
MCA occlusion and those who had no large vessel occlusion before
and after treatment were analyzed. Continuous data are given as
means and medians and categorical data are given as percentages.
IBM SPSS Statistics 21.0 (IBM Corp. Released 2012. IBM SPSS
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Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.)
was used for analysis.

Results

Sixty-nine patients with a diagnosis of acute ischemic stroke
who were given IV rt-PA and underwent CTA before treatment
were included in the study. Isolated MCA occlusion was found in
28 (40.6%) patients. M1 occlusion was found in 24 of these 28
patients, and M2 occlusion was found in 4. Very good outcome
was observed in 40 (58%) patients, good outcome was seen in 46
(66.7%) patients, and 23 (33.3%) patients had poor outcomes. Six
(8.7%) patients died (Table 1).

In patients with isolated MCA occlusion, the median NIHSS
score at admission was 12.5, whereas it was 6 at 24 hours after
treatment. At 24 hours after the treatment, 24 points improvement
in NIHSS scores were achieved in 46.4% of patients, and =8 points
improvement was seen in 25% of patients. At the 3td month, very

Figure 1. Large vessel occlusion areas

ICA: Internal carotid artery, Al: First segment of the anterior cerebral artery,
M1 and M2: First and second segments of the middle cerebral artery, P1: First
segment of the posterior cerebral artery, BA: Basilar artery, V4: Last segment of

vertebral artery

recombinant tissue-plasminogen activator

Features n=69
Large vessel occlusion, n (%) 28 (40.6)
MCA M1 24 (34.8)
MCA M2 4(5.8)
Very good outcome (mRS 0-1), n (%) 40 (58)
Good outcome (mRS 0-2), n (%) 46 (66.7)
Poor outcome (mRS 3-6), n (%) 23 (33.3)
Mortality, n (%) 6 (8.7)
MCA: Middle cerebral artery, M1 and M2: First and second segments of the
middle cerebral artery, mRS: Modified Rankin Scale
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good outcome was achieved in 46.4% of patients, good outcome
was found in 57.1%, and 42.9% had poor outcomes. The mortality
rate was 10.7%. Other demographic and clinical features of the
patients with isolated MCA occlusion are shown in Table 2.

The patients with no large vessel occlusion had median NTHSS
scores of 9 and 3 before and 24 hours after treatment, respectively.
At 24 hours after treatment, 24 points improvement in NIHSS
scores were achieved in 73.2% of patients, and in 28 points
improvement in 34.1%. At the 3td month, very good outcome
was observed in 65.9% of patients, good outcome in 73.2%, and
26.6% had poor outcomes. The mortality rate was 7.3%. Other
demographic and clinic features of the patients with no large vessel
occlusion are shown in Table 3.

Discussion

It is well established that IV rt-PA improves the clinical
outcomes of patients with acute ischemic stroke (1,2). However,
it is thought that recanalization rates are lower and outcomes are
worse in patients with large vessel occlusions (12,13). Therefore, it
is important to reveal the treatment responses to IV rt-PA in large
vessel occlusions to lead patients to endovascular treatment. In our
study, we found that the rate of isolated MCA occlusion was 40.6%
in CTA in patients who were given IV rt-PA in the first 4.5 hours.

Table 2. Features of the patients with isolated middle

cerebral artery occlusion before and after intravenous
recombinant tissue-plasminogen activator

Features n=28
Male, n (%) 12 (42.9)
Age, mean (SD) 65.4 (12.5)
Beginning of symptom-treatment (minute), 178.1 (64.1)
mean (SD)
NIHSS score at admission, median (IQR) 12.5 (6)
24th hour NIHSS score, median (IQR) 6 (13)
Ei li)rcs)’u:lts( O1/2r)1provemer1t in NIHSS scores at 24 13 (46.4)
=8 points improvement in NIHSS scores at 24 7 (25)
hours, n (%)
Vascular risk factors, n (%)
Hypertension 20 (71.4)
Diabetes mellitus 7 (25)
Hyperlipidemia 10 (35.7)
Atrial fibrillation 8 (28.6)
Previous stroke 3 (10.7)
Cigarette smoking 7 (25)
Very good outcome (mRS 0-1), n (%) 13 (46.4)
Good outcome (mRS 0-2), n (%) 16 (57.1D)
Poor outcome (mRS 3-6), n (%) 12 (42.9)
Mortality, n (%) 3 (10.7)
SD: Standard deviation, NIHSS: The National Institutes of Health Stroke Scale,
IQR: Interquartile range, mRS: Modified Rankin Scale
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In another study performed with a similar number of patients,
the rate of large vessel occlusion was 52.1% in CTA. However,
in that study, patients were evaluated in terms of large vessel
occlusion in the first 8 hours and the rate decreased if CTA was
performed earlier (14). In both that study and the present study,
the M1 segment of the MCA was the most affected artery. In our
study, we excluded patients with occlusion in a large vessel other
than isolated MCA such as basilar artery, terminal or tandem ICA
and MCA because endovascular treatment was performed alone or
following IV rt-PA in such occlusions, which could contribute to a
higher rate in our study.

In previous studies, 52.4% of the patients who received IV rt-
PA in the first 4.5 hours had a good outcome, which was defined
as having 0-1 mRS scores (2). In our study, the percentage of
patients with 0-1 mRS was 58%. The percentage of 0-1 mRS
was 46.4% in patients with isolated MCA occlusion with no
other large vessel occlusion and was 65.9% in patients with no
large vessel occlusion. The rate of poor outcome was higher in
patients with isolated MCA occlusion compared with the other
groups. In the Stroke Prevention Trial in Sickle Cell Anemia, large
vessel occlusion detected in CTA was found to be an independent
predictor of poor outcome (15). In the same study, patients with
210 NIHSS scores and occlusion in the anterior circulation such as
the MCA or the terminal of the ICA had 12-fold worse outcomes.

Table 3. Features of the patients with no large vessel

occlusion before and after intravenous recombinant tissue-
plasminogen activator

Features n=41
Male, n (%) 25 (61)
Age, mean (SD) 60.5 (10.9)
Beginning of symptom-treatment (minute), mean 163 (53.9)
(SD)
NIHSS score at admission, median (IQR) 9
24th hour NIHSS score, median (IQR) 3(8)
}Zli lfr(:r;lts( ;/Er)lprovement in NIHSS scores at 24 30 (73.2)
>8 points improvement in NIHSS scores at 24 14 (34.1)
hours, n (%)
Vascular risk factors, n (%)
Hypertension 22 (53.7)
Diabetes mellitus 9 (22)
Hyperlipidemia 10 (24.4)
Atrial fibrillation 9 (22)
Previous stroke 4(9.8)
Cigarette smoking 16 39
Very good outcome (mRS 0-1), n (%) 27 (65.9)
Good outcome (mRS 0-2), n (%) 30 (73.2)
Poor outcome (mRS 3-6), n (%) 11 (26.8)
Mortality, n (%) 3(7.3)
SD: Standard deviation, NIHSS: The National Institutes of Health Stroke Scale,
IQR: Interquartile range, mRS: Modified Rankin Scale
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The poor outcomes were supposed to be caused by greater clot
load and more proximal occlusion (7). In another study, the rate
of successful recanalization was found as 21% in patients who
were given IV rt-PA and had large vessel occlusion (12). Ongoing
collateral circulation could lead to good outcomes despite
unsuccessful recanalization. This could have contributed to the
better outcome rates in patients with large vessel occlusion in our
study (16). In recent years, endovascular treatment has been shown
to be useful when used in addition to IV rt-PA in acute stroke in
large vessel occlusion. Trials such as the Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands, Endovascular Treatment for Small
Core and Anterior Circulation Proximal Occlusion with Emphasis
on Minimizing CT to Recanalization Times and Extending the
Time for Thrombolysis in Emergency Neurological Deficits-Intra-
Arterial showed better recanalization rates and better outcomes
with combined therapy (17,18,19,20). Therefore, it is important
to recognize patients eatlier who could benefit from endovascular
treatment and refer them to related centers as quickly as possible.
However, it is important not to miss the chance of giving IV rt-
PA and according to the current guidelines, physicians should do
their best to perform IV rt-PA without losing time (21). Rapid
detection of large vessel occlusion is important and CTA in acute
stroke is a widely-used reliable and fast modality (14,15,22). Trials
searching endovascular approach in acute stroke with intracranial
large vessel occlusion include having =8 NIHSS scores as a
criterion besides non-invasive imaging suggestive of large vessel
occlusion because higher NIHSS scores are related with large
vessel occlusions (23,24,25,26). In our study, NIHSS scores were
higher in patients with large vessel occlusion compared with other
patients. When we consider the fact that number of centers that
can apply endovascular treatment is limited, the results of our
study suggest that IV rt-PA is a good treatment choice in acute
stroke with isolated MCA occlusion with very good outcomes in
46.4% of patients and good outcomes in 57.1% of patients.

Study Limitations

Retrospective and non-randomized nature of our study is
its most limiting feature. Also, we had a small cohort and our
study was performed in one center. Multi-center, prospective and
randomized studies with larger numbers patients can give more
precise results. In addition, the results of the efficacy of IV rt-PA
could be different if patients with all large vessel occlusions such
as basilar artery, terminal or tandem ICA and MCA were included.
Despite these limitations, the results of our study are similar to the
results of larger studies.

Conclusion

Despite the low efficacy of IV rt-PA in acute ischemic stroke
with isolated MCA occlusion, aside from endovascular treatment,
IV rt-PA is still the best treatment and it should be performed
without delay by physicians in appropriate patients, especially
when other treatment options cannot be performed.
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