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BACKGROUND AND PURPOSE: The factors that predict favorable outcome after local
intra-arterial thrombolysis (LIT) remain unknown. We aimed to clarify these factors in patients
with middle cerebral artery occlusion treated by LIT.

METHODS: We performed LIT in 26 consecutive patients who had middle cerebral artery
occlusion with a modified Rankin scale (mRS) score <2 before stroke onset. We assessed
background characteristics, angiographic findings, and mRS score at discharge. We compared
these factors between patients with good outcome (mRS score, <2) and those with poor outcome
(mRS score, >3).

RESULTS: The duration from symptom onset to hospital admission was 0.96 � 0.87 (mean �
SD) hour and from onset of stroke to LIT was 3.78 � 1.17 hours. No patients developed
symptomatic intracerebral hemorrhage or died. Thirteen patients achieved good outcomes. No
significant differences existed between the two groups in baseline National Institutes of Health
Stroke Scale (NIHSS) scores, time from stroke onset to LIT, blood pressure, early CT signs, or
subsequent hemorrhagic transformation shown by CT. However, univariate analysis showed
that patients with good outcomes were younger, more often had absence of hypertension history,
had better collaterals shown by angiography, and had better recanalization rates than those
with poor outcomes. NIHSS scores after LIT were lower in patients with good outcomes than in
patients with poor outcomes. Logistic regression analysis indicated improvement of the NIHSS
scores by >2 immediately after LIT was independently associated with good outcome.

CONCLUSION: Improvement of the NIHSS score by >2 immediately after LIT is a useful
predictor of patient outcome at discharge.

In 1995, the National Institute of Neurologic Disor-
ders and Stroke rt-PA Stroke Study Group reported
that IV thrombolytic therapy using recombinant tis-
sue plasminogen activator (rt-PA) within 3 hours of
ischemic stroke onset improved patient outcomes (1).
However, a randomized trial that used rt-PA within 6
hours of onset failed to show the therapeutic efficacy

(2). No benefits were shown in the Alteplase Throm-
bolysis for Acute Noninterventional Therapy in Isch-
emic Stroke study (known as the ATLANTIS Trial), a
randomized controlled trial with patients receiving
rt-PA from 3 to 5 hours after onset (3). Therefore, the
American Heart Association guidelines for acute
ischemic stroke recommend that the IV administra-
tion of rt-PA has to begin within 3 hours of onset (4).
On the other hand, local intra-arterial thrombolysis
(LIT) was reported to be efficacious in patients with
middle cerebral artery (MCA) occlusion if performed
within 6 hours of onset. In the Prolyse in Acute
Cerebral Thromboembolism II study, LIT improved
the prognosis of stroke within 6 hours of onset (5).

In 6% to 20% of patients who undergo thrombol-
ysis, a serious side effect of symptomatic intracerebral
hemorrhage (SICH) develops (1–6). SICH in patients
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receiving rt-PA was found to be related to tissue
plasminogen activator dose, National Institute of
Health Stroke Scale (NIHSS) score, and diastolic
blood pressure (7, 8).

Early ischemic changes revealed by CT, such as
cortical effacement (9), were also involved in the
occurrence of SICH. The American Heart Associa-
tion guidelines warn about the administration of
rt-PA in patients with high blood pressure and early
signs revealed by CT (4). We performed LIT in pa-
tients with acute MCA occlusion during the past 4
years in a prospective study design. We strictly ad-
hered to predefined inclusion and exclusion criteria,
and no patient developed SICH. Our purpose was to
determine which clinical factors are predictors of fa-
vorable outcome.

Methods

Inclusion and Exclusion Criteria
The clinical inclusion criteria for LIT were acute embolic

stroke within 6 hours of symptom onset, patient age from 20 to
85 years, and NIHSS score from 5 to 29. The exclusion criteria
included the following: 1) neurologic symptoms caused by sub-
arachnoid hemorrhage, neoplasm, septic embolism, moyamoya
disease, or vasculitis; 2) seizure at onset; 3) rapidly improving
neurologic signs at any point before LIT; 4) history of stroke
within the previous 4 weeks (except transient ischemic attacks);
5) surgery, biopsy, or trauma with internal injuries within 2
weeks; 6) active or recent hemorrhage within 2 weeks; 7)
baseline international normalized ratio of prothrombin time
�1.7 or baseline platelet count �10 � 104/L; 8) uncontrolled
hypertension defined by systolic blood pressure �185 mmHg or
diastolic blood pressure �100 mmHg; 9) pregnancy or puer-
peral period. CT of the brain exclusion criteria included intra-
cranial tumor, hemorrhage, and an early sign revealed by CT
(acute hypoattenuated parenchymal lesion) in more than one-
third of the MCA territory.

In patients who satisfied all the clinical and CT inclusion
criteria, diagnostic cerebral angiography was performed. The
angiographic exclusion criteria were occlusion of the internal
carotid artery or long segment basilar artery occlusion and
aneurysms or arterial dissections.

From April 1997 to December 2001, we screened 364 pa-
tients by using cerebral angiography. We found internal carotid
artery occlusion in 51 patients, MCA occlusion in 135, basilar
artery occlusion in 13, cerebral artery dissections in eight,
cerebral aneurysms in eight, and other arterial occlusion or no
occlusion in the other 149. Forty-seven patients (mean age,
66.4 � 11.6 years; men, 35; women, 12) who were diagnosed as
having MCA occlusion based on cerebral angiography findings
within 6 hours of symptom onset were admitted to our Stroke
Care Unit. Excluded were 18 patients: one with a malignant
tumor, one with rapid improvement of symptoms before cere-
bral angiography, three who were older than 85 years, two with
high blood pressure, and 11 with early CT signs involving more
than one-third of the MCA territory. The remaining 29 patients
underwent LIT. None of the 29 patients developed SICH or
died during the hospital stay. Three of the 29 patients were not
independent (modified Rankin scale score, �3) before the
index stroke. We analyzed the remaining 26 patients who had
modified Rankin scale (mRS) scores �2 before stroke onset.

Thrombolytic Procedure and Post-LIT Treatment

We performed cerebral angiography via a femoral approach.
The LIT was performed when clinical, CT, and angiographic
criteria were completely met and written informed consent was

obtained from the patient or a family member. An infusion
microcatheter with a single end hole was placed on the distal
portion of the MCA thrombus by using a steerable microgu-
idewire through a 6-French guiding catheter. Maximum dose of
420,000IU of urokinase (Urokinase 60,000IU, Mitsubishi
Pharma Corporation) was infused manually at the rate of 35
mL/hr through the microcatheter. Simultaneously, mechanical
disruption of the clot was performed by using a flexible mi-
croguidewire with a tip angle of 90 degrees (GT wire TERMO,
0.016 or 0.012 in). Penetration and fragmentation of the throm-
bus were achieved by gently advancing and rotating the tip of
microguidewire. The LIT was stopped when the infusion time
from the start of LIT exceeded 1 hour or when the operator
confirmed that the artery was recanalized by �50% of the area
perfused by the initial occluded artery during capillary, as seen
in the lateral view.

The protocol required that no anticoagulants or antiplatelet
agents were administered for 24 hours after treatment and that
arterial blood pressure was monitored during the first 24 hours.
When systolic blood pressure increased to �180 mmHg after
LIT, IV antihypertensive drugs were continuously infused for
at least 48 hours.

Clinical Variables and Outcome Measures
We assessed a history of hypertension (previous systolic

�160 mmHg or diastolic �95 mmHg or receiving antihyper-
tensive drugs), diabetes mellitus (fasting blood sugar �7.7
mmol/L, random blood sugar �11.1 mmol/L, or receiving in-
sulin or oral hypoglycemic agents), hypercholesterolemia (total
cholesterol �220 mg/dL or receiving antihyperlipidemic
agents), smoking or alcohol habit, and anticoagulant and anti-
platelet therapy before stroke onset. Grades of collateral flows
and vessel recanalization were assessed by using cerebral an-
giography. All the angiograms were analyzed by a stroke neu-
rologist without knowing the final result. The grades of collat-
erals were simply classified as poor (�50% of the occluded
vascular territory was caused by collaterals) and good (collat-
eral flows via leptomeningeal anastomoses allowed �50% fill-
ing of the territory distal to the occlusion). The achieved vessel
recanalization was classified as described by Mori et al (10) and
Yamaguchi et al (11). Vessel recanalization was classified into
two groups. The lesion was categorized to be low grade if no or
slight recanalization was perfusing �50% of the ischemic area.
The grade of vessel recanalization was considered to be high
grade when reperfusion covering �50% of the ischemic area
was achieved.

Early signs revealed by initial CT were defined on the
basis of loss of insular ribbon and cortical ribbon efface-
ment. The presence or absence of hemorrhagic transforma-
tion was evaluated by follow-up CT performed �24 hours
after LIT. SICH was diagnosed when hemorrhagic transfor-
mation was confirmed by CT and NIHSS score increased by
�4 or when level of consciousness deteriorated by 1 point
compared with before LIT.

Neurologic severity was assessed immediately, at 24
hours, and at 1 month after LIT by using NIHSS scores.
Outcome at discharge was assessed by using the mRS and
the Barthel index scores. Number of deaths during the hos-
pital stay was monitored.

Statistical Analysis
All values are expressed as mean � SD for parametric values

or as a median (range) for nonparametric values. Comparisons
among groups were made by analysis of variance and then
Mann-Whitney U test. The �2 test was conducted for the
analysis of discrete variables. P � 0.05 was considered to be
statistically significant. Logistic regression analysis was used to
evaluate the contribution of the various factors to the outcome.
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Results

Demographics and Clinical Data
The baseline characteristics of the 26 patients who

underwent LIT are shown in Table 1. LIT was com-
menced 3.78 � 1.17 hours after stroke onset. Hem-
orrhagic transformation in 11 patients (42.4%) was
revealed by CT. However, no patients developed
SICH or died. The median of the baseline NIHSS
score was 18 (range, score of 6–23) at admission and
became 6 (range, score of 0–16) 1 month later. Stroke
recurred in two patients during their hospital stay.
The median mRS score was 2 (range, score of 0–5),
and the median Barthel index score was 95 (range,
score of 0–100) at the time of discharge.

Outcome Data
Thirteen of 26 patients achieved good outcomes

(mRS score, �2), and the other 13 had poor out-
comes (mRS score, �3). The median baseline NIHSS
scores were not different between the two groups
(median score of 16 versus median score of 18). Pa-
tients with poor outcomes experienced no recurrence
of stroke and no major complication, such as pneu-
monia or heart failure, during their hospital stay. The
length of hospital stay was longer for patients with
poor outcomes than for those with good outcomes (61
versus 38 days). Patients with good outcomes were
younger (age 57.3 years � 13.1 for good outcome
group versus age 72.5 years � 6.2 for poor outcome

group), had hypertension less frequently (38.5% ver-
sus 76.9%), had an alcohol habit more frequently
(61.5% versus 23.0%), M1 occlusion (61.5% versus
23.1%), good collaterals (61.5% versus 15.4%), and
good recanalization (69.2% versus 30.7%). No differ-
ences were observed based on sex, baseline NIHSS
scores, time to admission, time to LIT commence-
ment, frequency of early signs revealed by CT, anti-
platelet or anticoagulant therapy before stroke, hem-
orrhagic transformation on CT, blood pressure levels,
or dose of urokinase or heparin between the two
groups (Table 2). The antihypertensive agents were
IV infused in four patients with good outcomes (31%)
and in six patients with poor outcomes (46%). No
differences were noted in arterial blood pressure after
LIT between the two groups (Table 2). No patient
received anticoagulants or antiplatelet agents for 24
hours after treatment.

Figure 1 shows the evolution of the NIHSS scores
after LIT in patients with good and poor outcomes.
The NIHSS scores of patients with good outcomes
improved immediately after LIT. On the other hand,
this immediate improvement was not observed for
those with poor outcomes. The median NIHSS score
was 9 (range, score of 3–19) for the good outcome
group and 18 (range, score of 13–22) for the poor
outcome group immediately after LIT (P � .001).
The NIHSS scores of 11 patients (85%) with good
outcomes improved immediately after LIT by �2. On
the other hand, such an improvement was noted for
only one patient with poor outcome. The differences
in the median NIHSS scores between the two groups
gradually increased with time. Thus, the NIHSS
scores were 7 (range, score of 2–19) for the patients
with good outcomes and 18 (range, score of 10–22)
for the patients with poor outcomes after 24 hours
(P � .001). One month later, the scores were 2
(range, score of 0–9) versus 10 (range, score of 6–18)
(P � .0001). The Barthel index score in the good
outcome group was 100 for all patients at discharge,
whereas in the poor outcome group, the median Bar-
thel index score was 40 (range, score of 0–90) (P �
.0001). The median mRS score at discharge was 1
(range, score of 0–2) in the patients with good out-
comes and 4 (range, score of 3–5) in the patients with
poor outcomes (P � .0001).

Logistic Regression Analysis
Univariate analysis showed that the variables asso-

ciated with good outcome (mRS score, �2) at dis-
charge were age, good collaterals, occlusion of M1
segment, alcohol habit, no history of hypertension,
high grade recanalization, and improvement of
NIHSS score by �2 immediately after LIT (�NIHSS
score, �2) (Tables 3 and 4). We selected factors in
baseline characteristics, such as age, good collaterals,
occlusion of M1 segment, alcohol habit, and nonhy-
pertension, as independent factors for multivariate
analysis with a logistic regression model for good
outcome (Table 3, Model 1). The analyses showed no
factors to be significant.

Table 1: Characteristics of patients undergoing local intra-arterial
thrombolysis

Age, mean (SD), yr 65 (13)
Men, % 80.8
Cardioembolic stroke, % 92.3
Atrial fibrillation, % 76.9
Occlusion of M1 segment, % 42.3
History of risk factors, %

Hypertension 57.7
Diabetes mellitus 19.2
Hypercholesterolemia 19.2
Smoking 46.2
Alcohol 42.3

Time to admission, mean (SD), hr 0.96 (0.87)
Time to starting LIT, mean (SD), hr 3.78 (1.17)
Early CT sign, % 46.2
Previous anticoagulant therapy, % 26.9
Previous antiplatelet therapy, % 15.4
Symptomatic hemorrhage, % 0
Baseline NIHSS score, median (range) 18 (6–23)
NIHSS score after LIT, median (range)

Immediately 15 (3–22)
24 hr later 12 (2–22)
1 month later 6 (0–16)

BI score at discharge, median (range) 95 (0–100)
mRS score at discharge, median (range) 2 (0–5)
Deaths, % 0
Hospital stay, mean (SD), days 50 (23)

Note.—LIT indicates local intra-arterial thrombolysis; NIHSS, Na-
tional Institutes of Health Stroke Scale; BI, Barthel index; mRS, mod-
ified Rankin scale.
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In a Model 2 analysis, we added �NIHSS score �
2 and high grade recanalization to factors of age
and good collaterals that showed P � .2 in the
Model 1 multivariate analysis as an independent
factors (for multivariate analysis with a logistic re-
gression model) for good outcome (Table 4). As a
result, �NIHSS � 2 was the only significant pre-
dictor for favorable outcome.

Discussion
The National Institute of Neurologic Disorders and

Stroke rt-PA trial revealed that SICH occurred in the
rt-PA group 10 times more often than in the placebo
group (1). Other randomized controlled trials re-
ported that SICH occurred in 8% to 20% of patients
(2–6). In our study, in which LIT was performed only
in patients with embolic MCA occlusion, no cases of
SICH (95% confidence interval, 0.871–1) or death
occurred. Levy et al (7) reported that a predictor of
SICH was a high mean blood pressure before IV
tissue plasminogen activator treatment. Kidwell et al
(8) found that in patients who had undergone LIT,
the NIHSS score in the SICH group was higher than
in the non-SICH group (mean NIHSS scores, 20 in
SICH versus 15 in non-SICH). Other predictors of
hemorrhagic transformation were longer time to re-
canalization, lower platelet count, and higher glucose
level. The inclusion and exclusion criteria for LIT in
our study were similar to those of the National Insti-
tute of Neurologic Disorders and Stroke rt-PA trial
except for the time window, and we strictly followed
the American Heart Association guidelines (3). As a
result, patients with excessively high baseline NIHSS
scores (scores � 29) were excluded from the study. In
our study, 50% of the patients had mRS scores �2 at
discharge, whereas 40% of the patients in the Prolyse
in Acute Cerebral Thromboembolism II study had

FIG 1. Progression of NIHSS scores of patients with good
outcomes and those with poor outcomes.

Table 2: Demographic and clinical variables for patients undergoing local intra-arterial thrombolysis

Variable
mRS Score �2

(n � 13)
mRS Score �3

(n � 13) P Value

Age, mean (SD), yr 57 (13) 73 (6) .0003
Men, % 84.6 76.9 �.9999
History of risk factors, %

Hypertension 38.5 76.9 .047
Diabetes mellitus 15.4 23.0 �.9999
Hypercholesterolemia 23.1 15.4 �.9999
Smoking 61.5 30.8 .116
Alcohol 61.5 23.0 .047

Previous anticoagulant therapy, % 38.5 15.4 .378
Previous antiplatelet therapy, % 23.0 7.6 .593
Time to admission, mean (SD), hr 1.06 (0.95) 0.85 (0.81) .519
Time to starting LIT, mean (SD), hr 3.81 (1.23) 3.75 (1.15) .858
Time to end LIT, mean (SD), hr 4.86 (1.11) 4.85 (1.22) .739
Baseline NIHSS score, median (range) 16 (6–22) 18 (9–23) .757
Blood pressure at admission, mean (SD), mmHg

Systolic 149 (32) 151 (23) .741
Diastolic 86 (15) 83 (9) .739

Early CT sign, % 53.8 38.5 .431
Occlusion of M1 segment, % 61.5 23.1 .047
Collateral flow (�50%), % 61.5 15.4 .016
Dose of urokinase, mean (SD), �104 IU 40.6 (11.6) 36 (14.9) .527
Dose of heparin, mean (SD), �103 IU 3.8 (2.8) 3.3 (2.1) .723
Recanalization (�50%), % 69.2 30.7 .049
Hemorrhagic transformation on CT, % 38.5 46.2 .691
Use of antihypertensive drug, % 31 46 .973
Blood pressure after LIT (with/without antihypertensive

drug), mean (SD), mmHg
Systolic 138 (10) 132 (23) .275
Diastolic 73 (10) 76 (8) .572

Hospital stay, mean (SD), days 38 (9) 61 (26) .014

Note.—mRS indicates modified Rankin scale; LIT, local intra-arterial thrombolysis; NIHSS, National Institutes of Health Stroke Scale.
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mRS scores �2 at day 90. Therefore, strict applica-
tion of the criteria for the management of patients
with LIT seems to be essential to obtain favorable
outcomes and to avoid SICH. Additionally, antihy-
pertensive medicine was aggressively infused through
an IV route in patients who had high systolic blood
pressure �180 mmHg after LIT. None of our patients
had blood pressure �180 mmHg after antihyperten-
sive treatment. It was suggested that control of blood
pressure after LIT was also an important factor
against SICH.

Bendszus et al (12) reported artery factors related
to good outcomes in patients who had undergone LIT
of MCA and internal carotid artery occlusion. They
noted that presence of leptomeningeal collaterals and
successful recanalization after LIT correlated with
good outcome, whereas the interval from stroke onset
to LIT was not related to it. However, their series had
a 10% incidence of SICH. Arnold et al (13) reported
that a low NIHSS score at admission and good vessel
recanalization were independently associated with
good outcome, and SICH occurred in 7% of patients.
In the Prolyse in Acute Cerebral Thromboembolism
II study, it was reported that outcome is associated
with history of cerebrovascular disease, hypertension,
and diabetes (14).

In our study, as in previous reports, the good out-
come group was younger and had a higher rate of
good collaterals and higher grade recanalization than
the poor outcome group. In addition, the good out-
come group had few cases of hypertension, as in the
Prolyse in Acute Cerebral Thromboembolism II
study, and alcohol habit and M1 occlusion were fre-
quent. Aronowski et al (15) reported that a low dose
of ethanol plus caffeine reduced infarct volume in a
rat model of transient MCA occlusion. Although the
optimal dose of alcohol was unknown, our result

suggested that alcohol was a neuroprotective factor in
the thrombolytic therapy. It seems very interesting
that in our study, 62% of the good outcome group
had M1 occlusion, compared with only 23% of the
group with mRS �3. Gönner et al (16) indicated that
good outcomes were achieved in 57% of patients with
occlusion of M1 and perforators. On the other hand,
all patients who had M1 occlusion without involving
perforators or an M2 occlusion achieved good out-
comes (100%). All our patients had M1 distal occlu-
sions without perforator involvement. Although the
rate of recanalization was not significantly different
between patients with M1 occlusion and those with
M2 occlusion, the patients with M1 occlusion had
good collaterals (90%) compared with the patients
with M2 occlusion (6%). The grade of collaterals may
be more important for later outcome than the site of
arterial occlusion.

No study has reported in detail on the evolution of
NIHSS scores after LIT. In the good outcome group,
the NIHSS score improved immediately after LIT
and then continued to improve gradually. On the
other hand, in the poor outcome group, the NIHSS
score remained stable for nearly 24 hours (Fig 1).
Multiple logistic regression analysis revealed that
�NIHSS immediately after LIT was the only indepen-
dent factor for good outcome. Thus, later outcome
can be predicted by a change in NIHSS score
(�NIHSS) immediately after LIT.

The present study had some limitations. First, it
was an observational study. We cannot compare
our results with those of patients who did not un-
dergo LIT. Therefore, the effect of LIT for MCA
occlusion is unclear. Second, our study size was
small, so care must be taken in the interpretation of
the analyses.

Table 3: Logistic regression analysis for pretreatment predictors of favorable outcome in patients undergoing local intra-arterial thrombolysis
(Model 1)

Univariate Multivariate

Variable OR 95% CI P Value OR 95% CI P Value

Age �60 yr 5.1 1.02–30.06 .027 7.8 0.49–308.36 .182
Good collaterals 8.8 1.55–74.68 .016 6.1 0.53–102.44 .166
Occlusion of M1 segment 5.3 1.04–33.91 .047 5.4 0.41–139.85 .218
Alcohol habit (�) 5.3 1.04–33.91 .047 3.5 0.22–95.49 .377
Hypertension (�) 5.3 1.04–33.91 .047 2.3 0.19–29.67 .483

Note.—OR indicates odds ratio; CI, confidence interval.

Table 4: Logistic regression analysis for predictors of favorable outcome for patients undergoing local intra-arterial thrombolysis (Model 2)

Univariate Multivariate

Variable OR 95% CI P Value OR 95% CI P Value

�NIHSS score �2 65.9 7.46–1656.23 .001 38.8 2.40–2112.46 .024
High grade recanalization 10.3 1.37–216.38 .049 18.0 0.59–1538.90 .126
Age �60 yr 5.1 1.02–30.06 .027 7.7 0.32–296.83 .265
Good collaterals 8.8 1.55–74.68 .016 6.0 0.18–522.90 .261

Note.—OR indicates odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale.
*�NIHSS score was calculated by subtracting immediate NIHSS score from baseline NIHSS score.
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Conclusion
Strict criteria should be applied in selecting pa-

tients with MCA occlusion for LIT to avoid SICH.
Favorable outcome at a later time or discharge may
be predicted by improvement in NIHSS score immedi-
ately after LIT. These observations should be confirmed
in large prospective randomized controlled trials.
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