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Abstract

There are still few studies of low-dose recombinant tissue plasminogen activator (rtPA) therapy (0.6 mg/kg)  
for acute ischemic stroke (AIS) patients ≥ 80 years old, though most strokes occur in elderly people. The 
safety and effectiveness of this form of thrombolysis without endovascular therapy were evaluated in AIS 
patients ≥ 80 years old at our hospital. The data were collected from August 2006 to April 2010, before ap-
proval of the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) retriever in Japan. Intravenous 
rtPA was administered to patients within 3 hours of stroke onset. The incidence of intracerebral hemor-
rhage (ICH), the recanalization rate of the occluded artery, and the modified Rankin Scale (mRS) score 3 
months after stroke were examined. The patients who received rtPA therapy were stratified into two age 
groups: a younger group (< 80 years) and an older group (≥ 80 years). Of the 87 patients who received rtPA 
therapy, 17 (19.5%) were ≥ 80 years old. The incidence of symptomatic ICH was not significantly different 
between the younger (4.3%) and older (0%) groups (p = 0.61). The recanalization rate of the occluded ar-
tery was not significantly different between the younger (54%) and older (50%) groups (p = 0.78). The rate 
of an mRS score of 0–2, 3 months after stroke was significantly higher in the younger (44.3%) than in the 
older group (11.8%) (p = 0.013). Low-dose rtPA therapy appears to be as safe and feasible for AIS patients 
≥ 80 years old as it is for younger people. This therapy should not be withheld because of age.
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Introduction

in Japan, intravenous recombinant tissue plasmi-
nogen activator (rtPa) therapy (0.6 mg/kg) for acute 
ischemic stroke (aiS) patients within 3 hours of 
onset was approved by the Ministry of health, Labor, 
and Welfare of Japan in 2005. Since then, several 
multicenter studies have been conducted to analyze 
low-dose rtPa therapy, and it has been proven to 
offer clinical safety and effectiveness compatible 
with the 0.9 mg/kg-dose rtPa therapy.1–4)

Most previous randomized, controlled trials of 
rtPa therapy for aiS patients excluded people older 
than 80 years because the elderly had been believed 
to have a greater risk of symptomatic intracerebral 
hemorrhage (ich).5,6) however, most strokes occur in 
elderly people, and their life expectancy is increasing, 

so the benefits and risks of thrombolytic treatment 
are worth evaluating in this group.7,8) a number of 
recent observational studies compared the outcomes 
of rtPa (0.9 mg/kg) therapy in patients older than 
80 years with their younger counterparts, and the 
recent systematic review suggested that the risks of 
symptomatic ich did not increase among elderly 
patients, despite the higher 3-month mortality and 
the less favorable outcome.9–17) however, there are 
still few studies of the safety and effectiveness of 
low-dose rtPa therapy (0.6 mg/kg) for aiS patients 
aged > 80 years old. in Japan, the MeRci retriever 
was first approved in 2010 for endovascular therapy 
in aiS patients. in the future, the number of aiS 
patients treated by rtPa therapy plus endovascular 
therapy is expected to increase, so it will be more 
and more difficult to evaluate the safety and effec-
tiveness of low-dose rtPa therapy (0.6 mg/kg) for 
aiS patients without endovascular therapy.Received august 2, 2013; accepted december 16, 2013
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Therefore, in this study, the safety and effective-
ness of this thrombolytic therapy for aiS patients 
≥ 80 years old were analyzed and compared to the 
younger people at our hospital in the pre-endovascular  
therapy era.

Materials and Methods

I. Patients
consecutive patients with aiS who received intrave-

nous rtPa therapy at aizu chuo hospital from august 
2006 to april 2010, before approval of the MeRci 
retriever in Japan, were retrospectively reviewed.

II. Clinical/imaging data
The data collected for each patient contained 

information on demographics, severity of neuro-
logic deficits on admission, onset-to-treatment time, 
stroke subtype, and the occluded artery confirmed 
by magnetic resonance angiography (MRa). Stroke 
severity and neurological impairment at admission 
were measured using the national institutes of 
health Stroke Scale (nihSS). Stroke subtype was 
diagnosed based on the Trial of Org 10172 in acute 
Stroke Treatment (TOaST) criteria.18)

III. Protocol and inclusion/exclusion criteria for 
thrombolysis

For suspected stroke patients in the emergency 
room, non-enhanced head computed tomography (cT) 
was first performed to exclude intracranial hemor-
rhage. if intracranial hemorrhage was excluded, head 
magnetic resonance imaging (MRi) was next conducted 
to screen for rtPa therapy. The acute stroke MRi 
protocol consisted of T2-weighted imaging (T2Wi), 
diffusion-weighted imaging (dWi), and MRa of the 
head and neck. Perfusion imaging and T2*-weighted 
imaging was not included in the protocol. MRi 
exclusion criteria for thrombolysis included definite 
hyperintensity areas larger than 33% of the middle 
cerebral artery (Mca) territory on dWi.19–21) clinical 
eligibility criteria for thrombolysis were applied 
according to the national institute of neurological 
disorders and Stroke (nindS) trial13) criteria and “The 
guidelines” prepared by the Japan Stroke Society.22) 
age is not a contraindication for this treatment. 
clinical exclusion criteria for thrombolysis were: 
the patient or family who refused thrombolysis; 
patients who were disabled in activities of daily 
living (adL) [e.g., modified Rankin Scale (mRS) score 
≥ 3]; or the patients who had severe chronic disease 
(severe heart failure, severe cancer, etc.). Based on 
the Japan alteplase clinical Trial (J-acT) criteria,4) 
intravenous rtPa (0.6 mg/kg, alteplase, 10% of the 
dose as a bolus and the remainder over 60 min)  

was administered to patients within 3 hours of 
stroke onset.

IV. Outcome measures
To evaluate the safety of rtPa therapy, the inci-

dence of ich after thrombolysis, mortality, and the 
cause of death were analyzed. according to the 
Safe implementation of Thrombolysis in Stroke-
Monitoring Study (SiTS-MOST),23) symptomatic 
ich was defined as ich on cT performed within 
36 hours after onset with an increase of ≥ 4 points 
from the baseline nihSS score. in this study, both 
the late phase mortality more than 3 months after 
stroke and the early phase mortality were examined.

To evaluate the effectiveness of rtPa therapy, the 
recanalization rate of the occluded artery and clinical 
outcomes at 3 months after stroke were analyzed. 
To analyze the recanalization of the occluded artery, 
head MRa was performed within 72 hours after 
initiation of rtPa therapy. clinical outcome was 
determined by the mRS score 3 months after stroke.

V. Statistical analysis
The patients who received rtPa therapy were 

stratified into two age groups: the younger group  
(< 80 years) and the older group (≥ 80 years). Baseline  
characteristics, ich, recanalization rate of the 
occluded artery, mortality, and 3-month mRS scores 
were compared between the two groups. univariate 
comparisons were performed using the Mann-Whitney 
u test and the chi-square test. all calculations were 
performed using JMP 9 software (SaS institute inc., 
cary, north carolina, uSa). a probability value < 0.05 
was considered significant.

Results

I. Baseline characteristics
From august 2006 until april 2010, 1,744 stroke 

patients [including 626 patients (35.9%) ≥ 80 years 
old] were admitted to our hospital, of whom 87 
(4.5%) received rtPa therapy after MRi screening. Of 
the 87 treated patients, 17 (19.5%) were ≥ 80 years 
old. The rate of thrombolysis-treatment was lower 
in patients ≥ 80 years old than in younger patients. 
The baseline characteristics of both the younger and 
older groups are summarized in Table 1. There were 
significantly fewer men in the older group than in 
the younger group (p = 0.04). The median admis-
sion nihSS score was significantly higher in the 
older group (p = 0.002). Onset-to-treatment time, the 
distribution of stroke subtype, and the distribution of 
the occluded artery were not significantly different 
between the two groups.
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II. ICH
The incidence rate of symptomatic ich was not 

significantly different between the younger patients 
(< 80 years, 4.3%) and the older patients (≥ 80 years,  
0%) (p = 0.61, Table 2). The incidence rate of all 
ich was not significantly different between the 
two groups.

III. Mortality and causes of death
The late phase mortality at 3 months after stroke 

was significantly higher in the older group (35.3%) 
than in the younger group (11.4%; p = 0.03, Table 3).  

however, the early phase mortality at 7 days after 
stroke was 4.3% in the younger group and 0% in 
the older group, with no significant difference (p = 
0.61). There were significantly fewer patients in the 
elderly group whose causes of death were related 
to cerebral hemorrhage or infarction (0 vs. 5; p = 
0.03), and there tended to be more whose causes 
of death were related to infection (e.g., pneumonia) 
compared to the younger group (5 vs. 2; p = 0.10).

IV. Rate of recanalization
The recanalization rate for all occluded arteries 

was 54% in the younger patients and 50% in the 
older patients (Table 4). in particular, the recanaliza-
tion rate of the proximal branch of the Mca (M1) 
was high, 71.4% in the younger patients and 75% 
in the older patients. The recanalization rate of 
each occluded artery was not significantly different 
between the two groups.

Table 1 Baseline characteristics of the younger and older  
groups

age < 80 age ≥ 80 p value

Patients n (%) 70 (80.5) 17 (19.5)

Mean age ± Sd (year) 68.6 ± 10.7 84.4 ± 3.2 < 0.001*

Male, n (%) 44 (62.9) 6 (35.3) 0.04*

nihSS on admission 
Mean ± Sd

15.4 ± 8.6 22.8 ± 9.2 0.002*

Onset-to-treatment 
time (minute)

142.0 ± 32.2 145.2 ± 19.6 0.71

Stroke subtype (%)

cardioembolic 37 (52.9) 12 (70.6) 0.28

atherothrombotic 26 (37.1) 4 (23.5) 0.40

Other (lacunar/not 
differentiated)

7 (10.0) 1 (5.9) 0.69

Occluded artery (%)

ac 2 (2.9) 0 (0) 1.00

Ba 7 (10.0) 4 (23.5) 0.21

ic 19 (27.1) 2 (11.8) 0.22

M1 28 (40.0) 8 (47.1) 0.78

M2 7 (10.0) 2 (11.8) 1.00

*p < 0.05. ac: anterior cerebral artery, Ba: basilar artery, ic: 
internal carotid artery, M1: the proximal branch of middle ce-
rebral artery, M2: the distal branch of middle cerebral artery, 
nihSS: national institutes of health Stroke Scale, Sd: standard 
deviation. 

Table 2 Intracranial hemorrhage of the younger and 
older groups

n (%) age < 80 age ≥ 80 p value

asymptomatic ich 15 (21.4) 1 (5.9) 0.17

Symptomatic ich 3 (4.3) 0 (0) 0.61

all 18 (25.7) 1 (5.9) 0.10

ich: intracranial hemorrhage, mRS: modified Rankin Scale. 

Table 3 Mortality and causes of death in the younger 
and older groups

n (%) age < 80 age ≥ 80 p value

Mortality after  
3 months

8 (11.4) 6 (35.3) 0.03*

Mortality within  
7 days

3 (4.3) 0 (0) 0.61

causes of death n (%)
ich or infarction 5 (62.5) 0 (0) 0.03*
infection 
(pneumonia, etc.)

2 (25) 5 (83.3) 0.10

aMi 0 (0) 1 (16.7) 0.43

Renal dysfunction 1 (12.5) 0 (0) 1.00

*p < 0.05. aMi: acute myocardial infarction, ich: intracranial 
hemorrhage, mRS: modified Rankin Scale. 

Table 4 Recanalization rates of the younger and older 
groups

n (%) age < 80 age ≥ 80 p value

ac 0 (0) na na

Ba 5 (71.4) 1 (25.0) 0.24

ic 5 (26.3) 0 (0) 1.00

M1 20 (71.4) 6 (75) 1.00

M2 4 (57.1) 1 (50) 1.00

all 34 (54.0) 8 (50) 0.78

ac: anterior cerebral artery, Ba: basilar artery, ic: internal ca-
rotid artery, M1: the proximal branch of middle cerebral ar-
tery, M2: the distal branch of middle cerebral artery, na: not 
available. 
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stroke was significantly lower in the older than in 
the younger group (p = 0.013). The rate of an mRS 
score of 0–2, 3 months after stroke in aiS patients 
≥ 80 years old who underwent thrombolysis in the 
present study (11.8%) was not higher than that in 
aiS patients > 80 years old who did not undergo 
thrombolysis in another study (21.3%), which was 
a collaborative registry of stroke trials, Virtual inter-
national Stroke Trials archive (ViSTa).11) however, 
one cannot conclude that the low-dose rtPa therapy 
was ineffective for elderly people, because the 
median admission nihSS score of the older group 
in the present study (22.8) was much higher than 
that of the younger group in the present study 
(15.4) or that of the elderly group in ViSTa (14). To 
confirm the effectiveness of low-dose rtPa therapy 
with respect to the mRS score of elderly people, 
a median admission nihSS score-controlled study 
should be conducted.

This study demonstrated that the recanalization rate 
of very elderly patients with low-dose rtPa therapy 
was not significantly different from that of young 
patients. in particular, the recanalization rate of the 
proximal branch of the Mca was not poor compared 
with that of J-acT ii (69.0%).1) in addition, this rate 
was not poor compared with that of 0.9 mg/kg-dose 
rtPa therapy.28) in brief, the effectiveness of low-dose 
(0.6 mg/kg) rtPa therapy for the elderly might be 
almost equal to that of 0.9 mg/kg-dose rtPa therapy 
for younger patients.

in Japan, the MeRci retriever was first approved 
in 2010, and the Penumbra System was approved 
in 2011 for endovascular therapy in aiS patients. in  
the future, the number of aiS patients treated by 
rtPa therapy plus endovascular therapy is expected 
to increase. however, a recent randomized, controlled 
study showed that endovascular therapy was not 
superior to rtPa therapy.29) in that study, the outcome 
of endovascular therapy was poorer than that of 
rtPa therapy for the older group (> 67 years, but 
not including > 80 years). according to that study, 
the reason for the poor outcome in the endovascular 
therapy group might have been a delay in the initiation 
of therapy. Therefore, urgent low-dose (0.6 mg/kg)  
rtPa monotherapy without endovascular therapy 
may be appropriate in the elderly. To confirm these 
findings, a randomized study should be conducted 
in the future.

Some limitations are present in our study. The study 
data did not come from a randomized, controlled 
study of intravenous low-dose rtPa therapy for 
patients ≥ 80 years old, but from a retrospectively 
observed cohort of patients in only one institution. 
in this study, the rate of thrombolysis treatment was 
lower in patients ≥ 80 years old than in younger 

V. Clinical outcome
The rate of a favorable outcome (mRS score 0–1) 

3 months after stroke was higher in the younger 
(27.1%) than in the older group (11.8%), but the 
difference was not significant (p = 0.22, Table 5). The 
rate of an mRS score of 0–2, 3 months after stroke 
was significantly higher in the younger (44.3%) than 
in the older group (11.8%) (p = 0.013).

Discussion

The present analysis showed that very elderly 
patients do not have an increased risk of intracranial 
hemorrhage after low-dose rtPa therapy compared 
to young patients. in addition, the present study 
demonstrated that the rate of favorable outcome  
3 months after stroke was significantly lower in the 
older than in the younger group, and the mortality 
3 months after stroke was significantly higher in the 
older than in the younger group. This result was 
similar to other studies24) of low-dose (0.6 mg/kg) 
and high-dose (0.9 mg/kg) rtPa therapy.9–17)

The natural history of stroke in very elderly people 
is associated with a poor prognosis.25–27) elderly 
patients have higher rates of complicating medical 
conditions such as heart failure, hypertension, and 
atrial fibrillation. Therefore, there are several reasons 
unrelated to a hemorrhagic complication of the 
thrombolysis that could explain the poor outcome 
of elderly patients. in fact, the present study showed 
that there were fewer patients in the elderly group 
whose causes of death were related to cerebral 
hemorrhage or infarction, and more whose causes 
of death were related to infection compared with 
those in the younger group. Referring to the paper 
of uyttenboogaart et al.,17) early mortality (within 
7 days after stroke) was also not different between 
the two groups. This means that the poor outcome 
at 3 months was not related to acute thrombolytic 
therapy, but to factors that occurred in the chronic 
stage. in brief, low-dose (0.6 mg/kg) therapy may be 
almost as safe for the elderly as it is for younger 
patients.

The results of the present study showed that 
the rate of an mRS score of 0–2, 3 months after 

Table 5 Outcomes of the younger and older groups

n (%) age < 80 age ≥ 80 p value

mRS 0–1 19 (27.1) 2 (11.8) 0.22
mRS 0–2 31 (44.3) 2 (11.8) 0.013*
mRS 3–5 31 (44.3) 9 (53.0) 0.593

*p < 0.05. mRS: modified Rankin Scale. 
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patients, and we presume that the reason for this 
was that there might be more patients who were 
not treated with thrombolysis because of the clinical 
exclusion criteria. Because of the lack of a control 
group and the relatively small number of patients 
(especially patients ≥ 80 years old), the present study 
could not offer definitive evidence of the usefulness  
of this thrombolysis therapy. a prospective, controlled 
study involving a large cohort in many medical 
institutions is needed.

in conclusion, intravenous rtPa therapy (0.6 mg/kg)  
for aiS patients ≥ 80 years old appears to be as 
safe and feasible as it is for younger patients. This 
therapy should not be withheld because of age.
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