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Background and Purpose—Early reperfusion is a predictor of good outcome in acute ischemic stroke. We investigated
whether middle cerebral artery (MCA) occlusions have a better clinical outcome and proportion of recanalization
compared with internal carotid artery (ICA) occlusion after standard treatment with intravenous (IV) tissue plasminogen
activator (tPA).

Patients—In a retrospective analysis of our prospective stroke database between January 7, 1998, and January 30, 2002,
we identified 36 consecutive patients who were treated with 1V tPA within 3 hours after symptom onset of a stroke in
the distribution of a documented ICA or MCA occlusion. The National Institutes of Health Stroke Scale (NIHSS) score
was recorded before tPA, at 24 hours, 3 days, and 3 months after stroke. Three-month outcome was recorded by
modified Rankin scale. Magnetic resonance angiography or computed tomographic angiography was obtained before
tPA. The presence of recanalization was assessed by transcranial Doppler and/or magnetic resonance angiography
within 3 days after stroke onset.

Results—Nineteen patients had MCA occlusion, and 17 had ICA-plus-M CA occlusion before tPA. Although there was no
difference in age and NIHSS at day 0 between the 2 groups, the MCA group had a lower day 3 NIHSS score compared
with the ICA group (P=0.006) in an ANCOVA. In addition, patients who had a MCA occlusion had lower day 1 and
3 NIHSS scores compared with the ICA group (P=0.04 and P=0.03, respectively; Wilcoxon rank sum). Similarly,
NIHSS was significantly lower in patients who recanalized on days 1 and 3 (P=0.004 and P=0.003 respectively,
Wilcoxon rank sum). When we adjusted for NIHSS score at day 0 in an ANCOVA, the adjusted mean was lower in the
group that recanalized compared with the group that did not recanalize (P<<0.001). There was a significant difference
between the proportion of recanalization in the MCA group (15 of 17 recanalized, 88%) at 3 days after tPA compared
with that of the ICA group (5 of 16 recanalized, 31%; P=0.001, Fisher exact test). The 3-month modified Rankin scale
was not different between the 2 groups.

Conclusions—Despite comparable age and NIHSS scores before [V tPA, MCA occlusions have lower day 1 and 3 NIHSS
scores and higher proportion of recanalization compared with ICA occlusions. A combined 1V/intra-arterial or
mechanical thrombolysis may be needed to achieve early recanalization in ICA occlusions. (Stroke. 2002;33:2066-
2071.)
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arly reperfusion, either spontaneous or induced by

thrombolysis, is a predictor of good outcome presumably
by saving tissue at risk of infarction.’-1° Previous observa-
tions preceding the tissue plasminogen activator (tPA) Na-
tional Institute of Neurological Disorders and Stroke
(NINDS) tria® have shown that internal carotid artery (ICA)
occlusions may be more resistant than middle cerebral artery
(MCA) occlusions to intravenous (IV) tPA administered
within 6 to 8 hours after symptom onset.1*-15 There are no

overall differencesin stroke severity between patients with an
isolated MCA occlusion and those with ICA-plussMCA
occlusion with regard to their National Institutes of Health
Stroke Scale (NIHSS) score before tPA .26 Currently in most
centers, all acute MCA syndromes are treated with a standard
IV tPA protocol, regardless of whether they have an isolated
MCA occlusion or an ICA-plus-MCA occlusion. Magnetic
resonance angiography (MRA), computed tomographic an-
giography (CTA), and transcranial Doppler (TCD) may be
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obtained within the time constraint of standard tPA treatment
and can show the arterial occlusion responsible for the acute
symptoms.16-23 Because several authors have shown that
intra-arterial (IA) thrombolysis can achieve early recanaliza-
tion,24-28 it would be vauable to obtain data on arterial
occlusions that may be resistant to standard 1V tPA protocol.
In the present study, we tested the hypothesis that clinical
outcome is different in ICA versus MCA occlusions after 1V
tPA within 3 hours after symptom onset. In addition, to
evaluate whether the difference in clinical outcome is due to
the presence of recanalization, we compared NIHSS scores of
patients who recanalized versus those who did not recanalize,
regardless of the type of their pre-tPA arterial occlusion.

Patients and Methods

Clinical Evaluation

Patients were identified in a retrospective analysis of a prospective
stroke database of the Beth Israel Deaconess Medical Center from
January 7, 1998, to January 30, 2002. We selected consecutive
patients who were treated with 1V tPA within 3 hours after symptom
onset of a stroke in the distribution of an imaging-documented
stenosis or occlusion of the ICA plus MCA or of the MCA aone.
The onset of the stroke was taken from the time patients were last
seen at their baseline neurological status. Each patient was evaluated
acutely by a stroke fellow (I.L., R.H.L., M.S,, or SK.) and a stroke
attending physician (1.L., G.S., or L.R.C.). As outcome measures, we
used the NIHSS and the modified Rankin scale (mRs) scores. The
NIHSS score was recorded by a clinician certified in the adminis-
tration of the scale before the administration of tPA, 24 hours and 3
days after the initial evaluation, and at the 3-month follow-up visit.
The mRs score was also recorded at the 3-month follow-up visit.t
The treating physiciansin all cases were the stroke fellows. Patients
received 0.9 mg/kg of 1V tPA according to the NINDS guidelines.t
Vital signs and patient clinical status were managed according to the
American Heart Association guidelines for the use of 1V tPA.2°

Imaging

MRI studies were performed on a Siemens Medical Systems Vision
1.5 scanner. Pulse sequences and typical parameters for diffusion-
weighted imaging (DWI), T,weighted imaging, susceptibility-
weighted imaging, perfusion-weighted imaging (PWI), and MRA
used for these studies have been described in detail elsewhere.3®

Computed tomography (CT)/CTA was performed on a GE light-
speed multidetector helical scanner. Scanning parameters were 120
kV and 240 mA, with a 512512 image matrix size and a 25-cm
acquisition field of view. A conventiona nonhelical axial study was
obtained first with a contiguous 3-mm section from the foramen
magnum to the circle of Willis. Five-millimeter sections were then
obtained to the vertex. CTA was reconstructed from the helical
acquisitions a a 1-mm interval onto a 512x512 matrix after
injection of contrast medium as per standard protocol. CT angio-
grams were reconstructed by multiprojection volume reconstruction
or maximum intensity projection algorithms.

TCD was performed using an EME-Nicolet TC 4040 with a
2-MHz hand-held probe. Complete insonation of the intracranial
vessels was obtained according to the technique described by Aaslid
et g.3t

Imaging study before thrombolysis included either MRI (DWI,
T,-weighted imaging, susceptibility-weighted imaging, MRA, or
PWI) or CT scan with CTA (CT/CTA). A CT/CTA was used in
patients who had contraindications for MRI or for whom the MRI
scanner was not readily available at the time of the acute evaluation.
The presence of arterial occlusion before tPA was assessed by MRA
or CTA. The presence of recanalization after tPA was assessed by
TCD, MRA, or CTA between 24 hours and 3 days after symptom
onset.
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TABLE 1. Demographics and Pre-tPA Clinical Features (n=36)
Age (median, mean+SD) 80, 7614 (range 41 to 98 years of age)
Sex 16 men, 20 women
Race White
Hypertension 30 (83%)
Atrial fibrillation 2 (33%)
Diabetes 14 (39%)
CAD 26 (72%)
NIHSS pre-tPA 18+5 (7-32)
Stroke subtype
Cardioembolic 13 (36%)
Large vessels 22 (61%)
Undetermined 1
Vessel occlusion
M1 or M2 19 (53%)
ICA/MCA 17 (47%)
Imaging pre-tPA
MRI/MRA 27 (75%)
CT/CTA 9 (25%)

CAD indicates coronary artery disease.

Assessment of Arterial Lesion

The presence of arterial stenosis/occlusion or patency before and
after tPA were adjudicated and recorded by 3 observers (L.R.C.,
C.C., G.S). An artery was classified as occluded or severely stenotic
only if there was no signal detected by either MRA or CTA. For the
grading of a normal, stenotic, or occluded vessel on TCD, the
adjudicator followed the parameters described by Demchuk et al.32
After tPA the adjudicators reported a vessel as not recanalized if no
signal was detected by either MRA or CTA and partial or completely
recandized if a signal was detected on MRA or CTA.

Statistical Analysis

Data are summarized as mean=SD. Parameter estimates from
regression models, including the ANCOVA, are given as
estimate=SE of the estimate. Preliminary analyses compared results
between groups using the Wilcoxon rank sum test to avoid assump-
tions of normality. Although there were no significant differences
between groups on the baseline NIHSS scores, we also used an
ANCOVA to assess whether the NIHSS score on day 3 was
significantly different between groups (ICA versus MCA, recana-
lized versus nonrecanalized) adjusting for the baseline NIHSS score,
and allowing for different regression slopes between NIHSS scores
on day 3 and day O for the 2 groups when necessary. The Fisher exact
test was used to compare the proportion of recanalization between
ICA and MCA occlusions. All tests were performed using SAS
version 8.02 (SAS Institute, Inc).

Results

Patients

Between July 1, 1998, and January 30, 2002, 47 patients with
ischemic stroke were treated with tPA in our center. Thirty-
Six consecutive patients were treated with 1V tPA within 3
hours after onset of a stroke secondary to a documented
stenosis or occlusion of the ICA plus MCA or of the MCA
aone. The demographics, risk factors, and stroke subtypes for
the 36 patients are summarized in Table 1. Nineteen patients
had either M, or M, occlusions and 17 had ICA-plussMCA
occlusions before tPA. There was no significant difference
between the 2 groups for age, NIHSS score, and time from



2068 Stroke August 2002

TABLE 2. Time Parameters (Minutes)

Time From Symptom Onset to tPA

All Patients MCA ICA/MCA

(n=36) (n=19) (n=17)

135+38 135+36 13640

MRI (n=27) 13 MCA; 14 ICA/MCA 128+40 12741 130+39
CT (n=9) 6 MCA; 3 ICA/MCA 148+33 147+28 148+51

Differences are not statistically significant.

symptom onset to tPA bolus before tPA between the ICA and
the MCA groups and between the MRI and CT groups (Table 2).

Imaging

Magnetic Resonance | maging

Twenty-seven patients had a multisequence MRI protocol. In
al patients who had MRI before tPA, DWI and PWI showed
signa changes in the area of distribution of the occluded
artery documented by MRA acquired within the same ses-
sion. A large DWI/PWI mismatch (PWI1>DWI) was detected
in all patients with the exception of 2 in whom the PWI were
not analyzable. MRA before tPA showed absence of signal in
the M, or M, segment of the MCA in 13 patients. Fourteen
patients showed no signal in the intracranial ICA plus
ipsilateral MCA. In these patients, subsequent neck MRA
showed severe stenosis or occlusion of the ICA extracranially
as well. A follow-up imaging study at 3 days (MRI or CT)
showed an ischemic stroke in al patients in the vascular
distribution expected by the initial DWI lesion and by the
vascular lesion on MRA or CTA.

CT Scanning

Nine patients had CT/CTA before tPA. The occluded vessel
on CTA corresponded with the patient’s acute symptoms.
Early ischemic changes were detected on CT in 4 of these 9
patients. Six patients did not show any contrast in M, or M,
and M in the intracranial ICA plus ipsilateral MCA. In the
patients with intracranial ICA occlusion, a subsequent neck
MRA or carotid Doppler showed severe stenosis or occlusion
of the extracranial ICA as well.

Outcome

Overdl, 11 patients had a favorable outcome at 3 months
follow-up (mRs score =2), and 5 were not assessed. The
mean NIHSS score at 3 days for all 36 patients was 9. We had
11 asymptomatic hemorrhages on follow-up study and 2
symptomatic. Ten patients died within the 3-month follow-
up. Six of these deaths were of neurological causes (1 MCA
and 5 ICA) due to complications of large cerebral infarctions
and of intracranial hemorrhage. Four patients in the MCA
group died of non-neurological causes. Three had known
severe coronary artery disease and died of a myocardia
infarction before the 3-month follow-up visit. One patient
died of complications from metastasis of a previously undi-
agnosed adenocarcinoma of the proximal colon.

NIHSS scores were similar at baseline for both the MCA
and ICA groups (16.79+4.54 points versus 18.75+5.67
points, P=0.46), but significantly lower for the MCA group
on days 1 and 3 (day 1, 8.06+4.96 versus 14.29+8.28,
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Figure 1. Comparison of NIHSS scores at days 1 (pre-tPA), 2,
and 3 after tPA in patients with ICA-plus-MCA occlusion (O) vs

patients with isolated MCA occlusion (m). *P=0.04; **P=0.03
(Wilcoxon rank sum).

P=0.04; day 3, 5.53+4.67 versus 12.47+8.77, P=0.03)
(Figure 1). Although the difference in NIHSS score at day O
was not statisticaly significant, we also used an ANCOVA,
comparing day 3 values after adjusting for baseline NIHSS
score and group. We found that there was a statistically
significant difference in the regression of the day 3 NIHSS
score on the day 0 NIHSS score with amuch steeper slope for
ICA patients (regression coefficients+SE were 0.44+0.23
[MCA] versus 1.24+0.24 [ICA]; P=0.03). The NIHSS score
for the ICA group was 5.28+1.78 (mean= SE) higher than for
the MCA group (P=0.006).

NIHSS scores were similar at baseline for the group that
subsequently recanalized and the group that did not
(16.48+4.36 versus 19.40*5.78, P=0.19), but significantly
lower for the group of patients that recanalized on days 1 and
3 (7.70£4.96 versus 17.00x7.23 [day 1], P=0.004;
5.40+4.66 versus 15.00+7.91 [day 3], P=0.003) (Figure 2).
Although the difference in NIHSS score at day O was not
statistically significant, we aso used an ANCOVA, compar-
ing day 3 values after adjusting for baseline NIHSS score and
group. We found that there was some evidence for differences
in the regression of the day 3 NIHSS score on the day O
NIHSS score with a much steeper slope for patients without
recanalization, but the difference was not statistically signif-
icant (regression coefficients, 0.48=0.22 [recanalized pa-
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Figure 2. Comparison of NIHSS scores at days 1 (pre-tPA), 2,
and 3 after tPA in patients who recanalized (M) vs patients who
did not recanalize (0). *P=0.004; **P=0.003 (Wilcoxon rank
sum).
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Figure 3. Case example of 73-year-old man with acute onset of
left hemispheric syndrome (NIHSS score 21). A, MRI shows
hyperintensity in the left insular cortex on DWI and a large area
of prolonged mean transit time (MTT) on PWI in the distribution
of the left MCA. MRA shows a left My occlusion. He was treated
with 0.9 mg/kg IV tPA 2 hours and 30 minutes after symptom
onset. B, On MRI obtained 24 hours after symptom onset, DWI
shows a small growth of the initial lesion and that the area of
prolonged MTT has almost normalized and there is reperfusion
in the My segment on MRA with visualization of both M,s. His
NIHSS score was 6 at 3 days and 2 at 1 month.

tients] versus 1.12+0.26 [patients who did not recanalize];
P=0.07). Thus, we assumed a common slope for both groups
in the ANCOVA, so that the adjusted mean is 7.361.87
higher in the group without recanalization compared with the
group with recanalization (P<<0.001). Allowing for different
slopes in the 2 groups did not affect this conclusion.

With regard to proportions of recanalization, there was a
significant difference between the MCA group (15 of 17
[88%] had partial or complete recanalization) at 3 days after
tPA compared with the ICA group (5 of 16 [31%] had partial
or complete recanalization; P=0.001, Fisher exact test,
2-sided). Images from 2 case examples are shown in Figures
3 and 4.

The 3-month mRs score was not different between patients
with ICA-plussMCA occlusion and patients with MCA oc-
clusion aone.

Discussion

Data from this small cohort show that patients with MCA
occlusions have better NIHSS scores at days 1 and 3 and a
higher proportion of recanalization compared with patients
with ICA occlusions after treatment with a standard 1V tPA
protocol. The 2 groups were not statistically different with
respect to age, NIHSS score before tPA, and time from stroke
onset to tPA bolus.

The resistance of large blood clots to tPA has been
suggested by experimental studies33 In addition, previous
observations by conventional angiography have shown that
ICA occlusions are more resistant than MCA occlusionsto |V
tPA administered within 6 to 8 hours after symptom on-
set.11-15 The mechanism of arterial occlusion may aso be
important to predict the likelihood of reperfusion. In fact,
fibrin-rich embolic occlusions may recanalize more often
than in situ thromboses engrafted on atherosclerotic lesions.3
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In addition, the presence of a blood clot in the ICA might
prevent the delivery of an adequate dose of tPA to the
occluded MCA 11-15

Trouillas et a3 showed that proximal ICA occlusions are
associated with a poor outcome in a multivariate regression
analysis of a series of 100 patients. Our study shows similar
results, but presents some differences. Trouillas et al34 used a
lower dose (0.8 mg/kg) of tPA, and patients were treated
within 6 hours after symptom onset. Only 20 patients were
treated within 3 hours. In addition, there was no imaging of
the arterial occlusion before tPA. The site of arterial occlu-
sion was inferred by post-tPA vascular imaging and a
noncontrast CT scan. Even with these limitations, they were
able to show that 45% of patients had minimal or no disability
at 3 months. This would increase to 53% if proximal 1CA
occlusions were excluded from the analysis.

Christou et al3> reported results similar to ours using a
standard IV tPA protocol and TCD to assess the arteria
occlusion before tPA and the presence of eventual recanali-
zation. In our study, the arterial occlusion before tPA was
assessed by MRA or CTA. The gold standard for assessing
arterial occlusion is still digital subtraction angiography, and
the sensitivity of MRA in imaging intracranial occlusive
disease is under investigation.3® On the other hand, CTA
seems to show good agreement with digital subtraction
angiography.23 In our study, to maximize accuracy in detect-
ing atrue arterial occlusion, an artery was judged as occluded
or severely stenotic only if (1) no signal was detected by
MRA or CTA and (2) DWI and PWI showed signal changes
in the area of distribution of the occluded artery on MRA .37:38

Schellinger et a8 evaluated the relationship between
arterial occlusion, recanalization, and clinical outcome in 51
acute stroke patients imaged within 3 hours and 20 minutes

Figure 4. Case example of 50-year-old woman with acute onset
of left hemispheric syndrome (NIHSS score 16). A, MRI shows a
small hyperintensity in the left basal ganglia on DWI and a large
area of prolonged meant transit time (MTT) on PWI in the left
MCA territory. MRA shows ICA-plus-MCA occlusion. She was
treated with 0.9 mg/kg IV tPA 2 hours and 30 minutes after
symptom onset. B, On MRI obtained 24 hours after symptom
onset, DWI shows growth of the initial lesion in the territory of
distribution of the left MCA. MRA shows no reperfusion of either
ICA or MCA on MRA. Her NIHSS score was 11 at 3 days and
14 at 1 month.
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after symptom onset by MRI. They showed that early
recanalization is associated with (1) better clinical outcome,
(2) resolution of the DWI/PWI mismatch, and (3) smaller
infarcts compared with patients who do not recanalize.
Previously, Jansen et al3° reported similar resultsin a series of
35 patients. In our study, the assessment of recanalization by
MRA or TCD was obtained within 3 days after tPA. This
approach may have led us to overestimate the proportion of
recanalization that were truly induced by tPA. Nevertheless,
our patients were treated earlier (135 minutes after symptom
onset) and showed a statistically significant better NIHSS
score a days 1 and 3 compared with those who did not
recanalize.

In the present series, the differencein day 3 NIHSS score was
not reflected in the 3-month mRs scores. Our patients had a
higher median age (80 years) and a higher NIHSS score before
tPA compared with published series1238 Both variables are
known to be associated with worse outcome®% The smdll
number of patients in our cohort and these variables may have
played arolein thelack of difference at 3 months by mRs score,
despite significant improvement in their clinical status as shown
by day 1 and 3 NIHSS scores after tPA.

It has been reported that a small proportion of patients with
ICA occlusions recanalize and improve their neurological
deficit.1-1538 Therefore, their exclusion from tPA treatment
cannot be justified. On the other hand, these patients may
benefit from an alternative intervention, such as combined
IV/IA or mechanical thrombolysis.

In conclusion, patients with MCA occlusions have a better
outcome than ICA occlusions after tPA treatment within 3
hours after symptom onset. The site of arterial occlusion may
need to be considered in deciding between standard IV tPA
protocol or an aternative intervention such as IV/IA and/or
mechanical thrombolysis to achieve early recanalization.
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