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ABSTRACT

Introduction: This study aimed to investigate
the long-term prognostic effects of different
alteplase doses on patients with acute ischemic
stroke (AIS).

Methods: In this cohort study, we enrolled 501
patients with AIS treated with intravenous
thrombolysis with alteplase, with the primary
endpoint event of recurrence of ischemic stroke
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and the secondary endpoint event of death. The
effects of different doses of alteplase on recur-
rence of ischemic stroke and death were ana-
lyzed using a Cox proportional risk model.
Results: Among 501 patients with AIS treated
with thrombolysis, 295 patients (58.9%) and
206 patients (41.1%) were treated with low-dose
and standard-dose alteplase, respectively. Dur-
ing the study period, 61 patients (12.2%) had a
confirmed recurrence of ischemic stroke. Mul-
tivariate Cox proportional risk analysis showed
that standard-dose alteplase thrombolysis
(HR 0.511, 95% CI 0.288-0.905, P = 0.021) was
significantly associated with a reduced risk of
long-term recurrence of AIS, whereas atrial fib-
rillation was associated with an increased risk of
long-term recurrence of AIS. Thirty-nine (7.8%)
patients died during the study period. Multi-
variate Cox proportional risk analysis showed
that age, baseline National Institutes of Health
Stroke Scale (NIHSS) score, and symptomatic
steno-occlusion were associated with an
increased long-term risk of death from AIS. The
alteplase dose was not associated with the risk
of death from AIS.

Conclusions: Standard-dose alteplase treatment
reduced the risk of long-term recurrence of AIS
after hospital discharge and the alteplase dose
was not associated with the long-term risk of
death from AIS.
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Intravenous thrombolysis with alteplase is
currently the most effective intravenous
treatment for acute ischemic stroke (AIS).
However, the effects of different alteplase
doses on long-term prognosis in patients
with AIS remains unknown.

Most guidelines recommend an
intravenous standard-dose alteplase
within 3 or 4.5 h of symptom onset for
eligible patients with AIS; different
intravenous doses of alteplase
thrombolysis may also be associated with
long-term recurrence and death in
patients with AIS.

Standard-dose alteplase treatment reduced
the risk of long-term recurrence of AIS
after hospital discharge and the alteplase
dose was not associated with the long-
term risk of death from AIS.

INTRODUCTION

Intravenous thrombolysis with alteplase is cur-
rently the most effective intravenous treatment
for AIS. Intravenous thrombolysis with alteplase
within 4.5 h of onset significantly improves the
prognosis of patients with acute ischemic stroke
(AIS) [1-4]. Currently, according to the National
Institute of Neurological Disorders and Stroke
(NINDS) and the European Cooperative Acute
Stroke Study (ECASS), most guidelines recom-
mend an intravenous dose of alteplase (0.9 mg/
kg) within 3 or 4.5 h of symptom onset for eli-
gible patients with AIS [1, 2]. As a result of dif-
ferences in the pathogenesis of AIS, the
coagulation and fibrinolytic characteristics of
Asian populations, and the relative lack of
treatment costs in developing countries, several
studies of intravenous thrombolysis with dif-
terent doses of alteplase have been conducted in
East Asian countries and regions [5-10]. The
results of the Japan Alteplase Clinical Trial (J-

ACT) study in Japan suggest that intravenous
thrombolytic therapy with low-dose (0.6 mg/
kg) alteplase may be safe and effective in Japa-
nese patients with AIS [5], but the J-ACT study
did not include a comparison with placebo or
standard-dose alteplase. A study of standard-
dose versus low-dose alteplase thrombolysis in
Singapore found that patients receiving stan-
dard-dose alteplase thrombolysis had a signifi-
cantly better short-term clinical prognosis and a
lower risk of cerebral hemorrhage than those in
the low-dose alteplase group [7].

However, most studies on intravenous
thrombolysis in AIS have focused on the short-
term prognosis [8, 11-14]. There are few rele-
vant long-term studies and some of these com-
pare patients receiving thrombolytic therapy
with those receiving conventional therapy only
[15-17]. Therefore, long-term studies on stan-
dard-dose versus low-dose alteplase for intra-
venous thrombolytic therapy in patients with
AIS are lacking. The precise mechanism(s) by
which thrombolysis improves long-term prog-
nosis is(are) unknown. There is evidence that
thrombolytic therapy can reduce infarct size
and reduce the risk of readmission for pneu-
monia [18, 19]. Previous studies have shown
that good functional outcomes in the short
term are associated with improved long-term
recurrence and survival, in part owing to
reduced complications and increased indepen-
dence [20, 21]. It is also known that different
doses of alteplase can have different results, as
defined by the 90-day modified Rankin Scale
(mRS), and stroke severity is a strong predictor
of prognosis for patients with stroke. Therefore,
we assumed that the effect of different doses of
alteplase on short-term prognosis and improved
functional prognosis may reduce patient com-
plications, which may further affect long-term
recurrence and death. We conducted a
prospective cohort study to investigate the risk
factors associated with long-term recurrence
and death in patients receiving different doses
of intravenous thrombolysis with alteplase,
with ischemic stroke recurrence and death as
the endpoint events.
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METHODS

Study Population

The study population included all patients
admitted for AIS and treated with intravenous
thrombolysis from March 2017 to September
2021. Patients were divided into a low-dose
group (0.6 mg/kg) and a standard-dose group
(0.9 mg/kg) according to the dose of alteplase
administered to patients in the stroke registry
system. The inclusion criteria were as follows:
(1) age > 18 years; (2) clinical diagnosis of AIS
within 4.5 h of onset; (3) cerebral hemorrhage
and other nonischemic stroke diseases excluded
by cranial CT or MR[; and (4) no contraindica-
tion to thrombolytic therapy. Patients were
excluded if they presented with (1) death during
hospitalization; (2) large cerebral infarction
requiring craniotomy; or (3) incomplete imag-
ing data. Guidelines for the diagnosis and
treatment of acute ischemic stroke in China
have recommended the intravenous adminis-
tration of 0.9 mg/kg alteplase for AIS as the
standard dose in clinical practice. In addition,
guidelines have also recommended that low-
dose intravenously administered alteplase
(0.6 mg/kg) may be associated with lower
symptomatic intracerebral hemorrhage risk on
the basis of the results in the ENCHANTED
[8, 11]. In clinical practice, standard or low
doses are used on the basis of the treating
physician’s initial assessment of the patient and
professional judgment. This study included
patients of Asian ethnicity. The ENCHANTED
trial on low-dose alteplase was also performed
in mostly Asian patients. Therefore, the findings
of the present study are not necessarily trans-
ferable to Western populations.

The study protocol was approved by the
Research Ethics Committee of the Affiliated
Fuyang People’s Hospital of Anhui Medical
University (approval no. [2019] 67). The study
procedures were in accordance with the 1964
Declaration of Helsinki and its later amend-
ments. All patients or their relatives signed an
informed consent form prior to inclusion. We
used the Chinese version of the Rankin scale,

and the research paper did not involve any
commertcial interests.

Clinical Data Collection

We collected demographic information,
including age and sex, and medical history
(including hypertension, diabetes, dyslipi-
demia, ischemic heart disease, atrial fibrillation,
and current smoking or drinking). The National
Institutes of Health Stroke Scale (NIHSS) score
was used to assess the severity of ischemic stroke
at admission. The mRS was used to assess the
functional prognosis at discharge after AIS [22].
An mRS score > 3 was defined as a poor prog-
nosis. Discharge medications, including anti-
platelet  agents, anticoagulants, statins,
antihypertensives, and glucose-lowering agents,
were also recorded in detail. All patients
underwent diffusion-weighted imaging (DWI)
and magnetic resonance imaging (MRA) or
computed tomography angiography (CTA)
within 48 h of admission. The type of lesion and
the presence of arterial stenosis were recorded.
Symptomatic steno-occlusion was characterized
by greater than 50% stenosis or occlusion of the
artery on MRA or CTA angiography associated
with an acute ischemic lesion. All imaging data
were interpreted by experienced neurologists
and neuroradiologists who were unaware of the
clinical factors of the patient.

Subtypes of Ischemic Stroke

The subtype classification of stroke was based
on the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) [23]. Subtypes of stroke
were categorized by large artery disease (LAD),
small artery disease (SAD), cardiac embolism
(CE), or other determined and undetermined
etiologies. LAD was defined as patients with
extracranial carotid stenosis or intracranial large
artery stenosis greater than 50% with a stroke in
the territory of the stenosed artery. Clinical
manifestations included cortical damage (e.g.,
aphasia, neglect, apraxia, anopia, motor and/or
sensory involvement) or brainstem or cerebellar
dystunction. The infarct areas were greater than
1.5 cm in diameter on MRI. CE was primarily
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characterized by nonvalvular atrial fibrillation,
left ventricular motion segments, intracardiac
thrombus or tumors, mitral stenosis, and other
uncommon sources. SAD was defined as an
infarct less than 15 mm in diameter localized in
the deep regions of the brain or in the brain
stem without LAD and CE. Patients with SAD
had a typical clinical lacunar syndrome and did
not have evidence of cerebral cortical dysfunc-
tion. Other determined etiology was character-
ized as patients with rare causes of stroke,
including nonatherosclerotic vascular lesions,
hypercoagulable states, or hematological disor-
ders. Undetermined etiology was defined when
no etiology could be identified despite exten-
sive evaluation.

Follow-up Data

The primary endpoint events were ischemic
stroke recurrence and all-cause death after hos-
pital discharge. Enrolled patients with AIS were
followed up every 6 months with a telephone
interview or outpatient visit. Patients or their
relatives were asked every year whether they
had new symptoms. When patients had stroke
symptoms, they were hospitalized and under-
went a complete DWI-MRI examination to
determine whether AIS had recurred. All recur-
rent events were based on clear documentation
in medical records, and neurologic deficits had
lasted longer than 24 h with confirmation of
lesions by neuroimaging methods. The end-
point date of follow-up was March 31, 2022. All
recurrent events were based on clear medical
records, with symptoms of neurological deficits
and lesions confirmed by neuroimaging meth-
ods. If a patient died during follow-up, the exact
time and cause of death were recorded in detail.
The follow-up interval was defined as the time
between the stroke onset and recurrence, loss to
follow-up, or death.

Statistical Analysis

Data analysis was performed with SPSS version
22.0 for Windows (SPSS Inc., Chicago, IL, USA).
Continuous variables were tested for normality
using the Kolmogorov-Smirnov test and are

expressed as the mean =+ standard deviation
(SD) or median and interquartile range (IQR),
and comparisons between groups were per-
formed using analysis of variance (ANOVA).
Categorical variables are reported as absolute
numbers and percentages (%). Differences in
categorical variable distributions between
groups were assessed using the y* test or Fisher’s
exact test. The time to the first recurrence and
death after intravenous thrombolysis in
patients with AIS was estimated by the
Kaplan-Meier method using a two-sided log-
rank test. The correlation between ischemic
stroke recurrence and death and underlying
factors was assessed by the Cox proportional
hazard model. First, an unadjusted analysis was
performed, and hazard ratios (HRs) and 95%
confidence intervals (Cls) were subsequently
calculated. Subsequently, a multivariate Cox
proportional risk analysis was performed and
adjusted for covariates that were significantly
associated with ischemic stroke recurrence and
death in the univariate analysis. HRs and 95%
CIs were subsequently calculated. All tests used
a two-sided P value of 0.05 as the threshold for
statistical significance. The figures were gener-
ated using PowerPoint and GraphPad Prism
software (version 8.0).

RESULTS

Clinical Data

A total of 692 patients with AIS were admitted
to receive intravenous thrombolytic therapy
during the study period. A total of 501 eligible
patients were eventually enrolled in our study
(Fig. 1). Among them, there were 317 men
(63.3%) and 184 women (36.7%). The mean age
was 65.3 + 12.8 years. Regarding thrombolytic
therapy, 295 patients (58.9%) were treated with
low-dose alteplase, and 206 patients (41.1%)
were treated with standard-dose alteplase. The
baseline characteristics of the study population
according to thrombolytic dose are shown in
Table 1. Compared with the low-dose alteplase
thrombolysis group, the standard-dose alteplase
thrombolysis group was younger and had a
higher percentage of smokers. Figure 2 shows
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692 patients with AIS treated
intravenous thrombolytic therapy

Excluded patients

Patients included in this study
(n=1501)

1

1 Patients excluded

1

: death during hospitalization (n = 22)
large cerebral infarction requiring

craniotomy (n = 43)

: Patients with incomplete imaging data (n = 78)

1
1 Patients with tumors (n =9)
1

: bridging therapy with intravenous

1
: Patients were lost to follow up (n=16) |

With recurrence With death
(n=61) (n=39)

Fig. 1 Flowchart illustrating how subjects were selected for

the distribution of mRS scores after hospital
discharge grouped by thrombolytic dose.

The median follow-up time for recurrent
events was 229 months (IQR 22.5; range
0.39-60.3 months), with a total of 61 (12.2%)
patients experiencing recurrence during the
study period, including 45 (15.3%) in the low-
dose group and 16 (7.8%) in the standard-dose
group. The median follow-up time for deaths
was 26.0 months (IQR21.3; range 0.8—
60.3 months), with 39 (7.8%) patients dying
during the study period, including 26 (8.8%) in
the low-dose group and 13 (6.3%) in the stan-
dard-dose group.

Analysis of Risk of Recurrence
of Intravenous Thrombolysis in Patients
with AIS

Kaplan-Meier curve analysis showed that
patients with standard-dose alteplase had a sig-
nificantly lower risk of long-term recurrence
than patients treated with low-dose alteplase
(corrected P =0.032, log rank test) (Fig.3).

inclusion in the study

Univariate Cox proportional risk analysis
showed that standard-dose alteplase thrombol-
ysis was associated with a reduced risk of long-
term recurrence of AIS (HRO0.541, 95% CI
0.306-0.958, P =0.035), using low-dose alte-
plase intravenous thrombolytic therapy as a
reference, and that long-term recurrence risk
reduction factors for intravenous thrombolytic
therapy in AIS also included anticoagulants
(HR0.365, P =0.004). The risk of long-term
recurrence of AIS with intravenous thromboly-
sis was increased in patients with advanced age
(HR 1.024, P =0.023), ischemic heart disease
(HR2.058, P =0.012), atrial fibrillation
(HR 3.094, P < 0.001), symptomatic stenosis or
occlusion (HR 1.908, P = 0.013), baseline NIHSS
scores (HR 1.040, P =0.046), and cardiac
embolism (HR 3.512, P =0.001). Multivariate
Cox proportional risk analysis showed that
standard-dose alteplase thrombolysis (HR 0.511,
95% CI 0.288-0.905, P =0.021) was signifi-
cantly associated with a reduced risk of long-
term recurrence of AIS, whereas atrial fibrilla-
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Table 1 Bascline characteristics of the study participants

Variables Low dose (z = 295) Standard dose (» = 206) p
Age (years) 669 + 132 629 + 119 0.001
Sex, 7 (%) 0.380
Female 113 (38.3) 71 (34.5)
Male 182 (61.7) 135 (65.5)
Risk factors, 7 (%)
Hypertension 232 (78.6) 164 (79.6) 0.793
Diabetes 64 (21.7) 50 (24.3) 0.498
Dyslipidemia 112 (38.0) 81 (39.3) 0.759
Ischemic heart discase 51 (17.3) 34 (16.5) 0.818
Atrial fibrillation 53 (18.0) 33 (16.0) 0.570
Smoker 107 (36.3) 100 (48.5) 0.006
Alcohol user 112 (38.0) 87 (42.2) 0.337
Medications at discharge, 7 (%)
Antithrombotic drugs 0.247
Antiplatelet agents 276 (93.6) 187 (90.8)
Anticoagulants 19 (6.4) 19 (9.2)
Statins 291 (98.6) 205 (99.5) 0.335
Antihypertensives 136 (46.1) 92 (44.7) 0.750
Glucose-lowering agents 39 (13.2) 28 (13.6) 0.904
Symptomatic steno-occlusion 129 (43.7) 88 (42.7) 0.822
NIHSS score, median (IQR) 7 (4-11) 8 (4-13) 0.333
mRS score, median (IQR) 1(1-3) 1(0-2) 0.008
Stroke etiology, 7 (%) 0.972
LAD 91 (30.8) 61 (29.6)
CE 33 (11.2) 25 (12.1)
SAD 77 (26.1) 56 (27.2)
Other and undetermined etiologies 94 (31.9) 64 (31.1)

NIHSS National Institutes of Health Stroke Scale 7RS modified Rankin Scale, LAD large artery discase, CE cardiac

embolism, S4D small artery disease
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Fig. 2 Distribution of modified Rankin Scale scores at discharge after stroke, according to the treatment groups

40-1HR= 0.541 —— Low-dose
gg: Log rank test: P= 0.032 —— Standard-dose
10
0 T T T T T 1
0 10 20 30 40 50 60

Probability of recurrence-free patients

Follow-up (Months)

Fig. 3 Kaplan—Meier curves to estimate the probability of
being recurrence-free for standard-dose alteplase, and low-
dose alteplase

tion was associated with an increased risk of
long-term recurrence of AIS (Table 2).

Analysis of Risk of Death by Intravenous
Thrombolysis in Patients with AIS

Kaplan-Meier curve analysis showed that
patients with standard-dose alteplase had no
significantly different long-term death than
patients treated with low-dose alteplase (cor-
rected P =0.607, log rank test) (Fig.4). Uni-
variate Cox proportional risk analysis showed
that the long-term risk of death from AIS in
patients with intravenous thrombolysis was

100—%-“‘ . )
90+ st

80
70
60
50

40-|HR= 0.840 —— Low-dose

20- Log rank test: P= 0.607 —— Standard-dose

10
0 T T T T T 1
0 10 20 30 40 50 60

Follow-up (Months)

Probability of recurrence-free patients

Fig. 4 Kaplan—Meier curves to estimate the probability of
being death-free for standard-dose alteplase, and low-dose
alteplase

increased in patients with advanced age
(HR 1.076, P < 0.001), ischemic heart disease
(HR 2.014, P =0.049), atrial fibrillation
(HR 3.961, P < 0.001), symptomatic stenosis or
occlusion (HR 2.582, P = 0.005), baseline NIHSS
scores (HR1.134, P < 0.001), mRS (HR 1.559,
P < 0.001), and cardiac embolism (HR 3.416,
P =0.013). Standard-dose alteplase thromboly-
sis was not associated with long-term risk of
death from AIS (HR 0.840, 95% CI 0.431-1.636,
P = 0.607). Multivariate Cox proportional risk
analysis showed that age (HR 1.063, 95% CI
1.031-1.097, P < 0.001), baseline NIHSS scores
(HR 1.110, 95% CI 1.063-1.158, P < 0.001), and

I\ Adis



1112

Neurol Ther (2023) 12:1105-1118

Table 2 Univariate and multivariate Cox proportional hazards models for the risk of AIS recurrence

Variables Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) r
Age (years) 1.024 (1.003-1.046) 0.023
Male, 7 (%)
Female Ref
Male 1.112 (0.665-1.859) 0.685
Risk factors, 7z (%)
Hypertension 1357 (0.689-2.672) 0.378
Diabetes 1.153 (0.634-2.096) 0.641
Dyslipidemia 0.658 (0.379-1.141) 0.136
Ischemic heart disease 2,058 (1.175-3.603) 0.012
Atrial fibrillation 3.094 (1.819-5.264) < 0.001 2.548 (1.120-5.796) 0.026
Smoker 1.012 (0.607-1.685) 0.965
Alcohol user 0.674 (0.392-1.159) 0.154
Thrombolytic doses
Low dose Ref Ref
Standard dose 0.541 (0.306-0.958) 0.035 0.511 (0.288-0.905) 0.021
Medications at discharge, 7 (%)
Antithrombotic drugs
Antiplatelet agents Ref
Anticoagulants 0.365 (0.185-0.720) 0.004
Statins 2.117 (0.293-15.289) 0.457
Antihypertensives 0.828 (0.501-1.369) 0.462
Glucose-lowering agents 1.113 (0.506-2.446) 0.790
Symptomatic steno-occlusion 1.908 (1.148-3.171) 0.013
NIHSS score 1.040 (1.001-1.080) 0.046
mRS score 1.048 (0.895-1.227) 0.564
Stroke etiology, 7 (%)
SAD Ref
LAD 1.847 (0.924-3.694) 0.083
CE 3.512 (1.660-7.429) 0.001
Other and undetermined etiologies 0.629 (0.265-1.492) 0.292

NIHSS National Institutes of Health Stroke Scale 72RS modified Rankin Scale, ZAD large artery disease, CE cardiac

embolism, SAD small artery discase
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Table 3 Univariate and multivariate Cox proportional hazards models for the risk of death from AIS

Variables Univariate analysis Multivariate analysis
HR (95% CI) r HR (95% CI) r

Age (years) 1.076 (1.043-1.109) < 0.001 1.063 (1.031-1.097) < 0.001
Male, 7 (%)
Female Ref
Male 1.076 (0.782-1.480) 0.654
Risk factors, 7 (%)

Hypertension 1463 (0.613-3.492) 0.391

Diabetes 0.997 (0.458-2.171) 0.994

Dyslipidemia 0.873 (0.448-1.702) 0.690

Ischemic heart disease 2.014 (1.002-4.047) 0.049

Atrial fibrillation 3.961 (2.088-7.515) < 0.001

Smoker 1.067 (0.564-2.021) 0.842

Alcohol user 0.806 (0.414-1.570) 0.527
Thrombolytic doses

Low dose Ref

Standard dose 0.840 (0.431-1.636) 0.607
Medications at discharge, 7 (%)

Antithrombotic drugs

Antiplatelet agents Ref
Anticoagulants 0.908 (0.503-1.637) 0.747

Statins 1.880 (0.696-5.080) 0.213

Antihypertensives 0.923 (0.674-1.263) 0.616

Glucose-lowering agents 1.622 (0.796-3.304) 0.183
Symptomatic steno-occlusion 2.582 (1.326-5.030) 0.005 2.104 (1.058-4.185) 0.034
NIHSS score 1.134 (1.089-1.181) < 0.001 1.110 (1.063-1.158) < 0.001
mRS score 1,559 (1.287-1.889) < 0.001
Stroke etiology

SAD Ref

LAD 1.751 (0.714-4.297) 0221

CE 3.416 (1.299-8.979) 0.013

Other and undetermined etiologies 0.822 (0.288-2.345) 0.715

NIHSS National Institutes of Health Stroke Scale 72RS modified Rankin Scale, LAD large artery discase, CE cardiac

embolism, S4D small artery disease
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symptomatic steno-occlusion (HR 2.104,
95% CI 1.058-4.185, P = 0.034) were associated
with an increased risk of long-term death from
AIS (Table 3).

DISCUSSION

The results from this prospective cohort study
showed that in patients with AIS, thrombolytic
therapy with intravenously administered stan-
dard-dose alteplase can reduce the risk of long-
term recurrence, atrial fibrillation is associated
with an increased risk of long-term recurrence,
and advanced age, symptomatic steno-occlu-
sion, and baseline NIHSS scores can increase the
long-term risk of death.

Alteplase is known to improve the clinical
outcome of patients with AIS. Currently, the use
of standard-dose intravenously administered
alteplase as a thrombolytic therapy is recom-
mended in the European, American, and Chi-
nese guidelines, and the safety and efficacy of
standard-dose intravenously administered alte-
plase have also been verified in Asian popula-
tions. In the Enhanced Control of Hypertension
and Thrombolysis Stroke Study (ENCHANTED)
[12], 63% of the enrolled patients were Asians,
and 3310 patients eligible for thrombolytic
therapy were treated with low-dose or standard-
dose alteplase to study the effects of these
therapies on 90-day mortality or disability out-
comes among patients with AIS. The results
showed that although low-dose alteplase can
reduce the patient mortality rate, it can increase
the disability rate. The data of 919 patients with
AIS in the Thrombolysis Implementation and
Monitoring of AIS in China (TIMS, China)
database who received thrombolysis within
4.5 h of onset were analyzed. The results sug-
gested that the clinical functional outcome at
90 days in the standard-dose alteplase group
was significantly better than that in the low-
dose alteplase group and that there was no
increase in the risk of symptomatic intracranial
hemorrhage [8]. For Asian patients with AIS,
compared with low-dose alteplase, standard-
dose alteplase is also associated with a good
clinical prognosis.

Many clinical studies have examined the
effect of thrombolytic therapy with different
doses of alteplase on patients with AIS, but
these studies mostly focused on the short-term
prognosis. Few studies have investigated the
long-term outcomes of patients who received
thrombolytic therapy with alteplase. To date,
only a few studies have compared the long-term
outcome between alteplase and conventional
standardized treatment and have studied the
effect of the delay from symptom onset to
thrombolysis on the long-term outcomes of
ischemic stroke [14, 15, 24, 25]. A long-term
cohort study of 6252 patients with AIS who
were treated with thrombolytic therapy showed
that the delay from symptom onset to throm-
bolysis was associated with long-term recur-
rence and death, and the probability of these
outcomes increased with increasing time from
symptom onset to thrombolysis. Therefore,
these studies cannot provide insights into the
effect of the alteplase dose on long-term recur-
rence of and death from ischemic stroke. Thus,
this study further examined the relationship
between the selection of thrombolytic dose and
the long-term recurrence of and death from
ischemic stroke.

In this cohort study, compared with low-
dose alteplase therapy, standard-dose alteplase
therapy reduced the risk of ischemic stroke
recurrence. Additionally, patients who received
standard-dose alteplase therapy had lower mRS
scores, and the proportion with a good clinical
prognosis at discharge was higher than that for
patients who received low-dose alteplase ther-
apy (P < 0.05). Standard-dose alteplase is asso-
ciated with improved functional outcomes,
which may be the underlying mechanism for
the long-term prognosis findings because
patients with an improved functional prognosis
may have fewer poststroke complications and a
higher quality of life, ultimately leading to a
lower risk of recurrence [19]. Previous studies
have shown that early clinical prognosis
improvements are associated with long-term
recurrence and survival, partly owing to fewer
complications and more independence in life
[26, 27]. In addition, patients with a higher
degree of disability may present more clinical
complications, potentially affecting the
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implementation of appropriate treatments and
interfering with physical activities, thus
increasing the risk of cerebrovascular events.
This cohort study found that the standard-dose
alteplase group had lower mRS scores at dis-
charge than the other groups and that standard-
dose intravenously administered alteplase as a
thrombolytic therapy was associated with the
risk of AIS recurrence. These results suggest that
functional status and the risk of recurrence are
associated, indicating that standard-dose
thrombolytic therapy can improve the func-
tional prognosis of patients and reduce the
long-term risk of recurrence.

This study also found no significant differ-
ence in the long-term risk of death between
patients who received standard-dose and low-
dose alteplase therapies. However, the HR for
standard-dose alteplase was 0.840, and the risk
of death was lower than that for the low-dose
alteplase group, which may be related to the
better prognosis and good functional recovery
of patients receiving standard-dose alteplase.

In this study, among several comorbidities
(such as atrial fibrillation and symptomatic
steno-occlusion), atrial fibrillation was still
associated with the risk of recurrence and death
even after adjusting for age and several other
comorbidities. A previous study found that 46%
of patients with stroke and atrial fibrillation did
not receive anticoagulation treatment [28].
Additionally, a recent study found that 33% of
patients with stroke who were previously diag-
nosed with atrial fibrillation did not receive
anticoagulant drugs or antiplatelet drugs at
discharge [29]. In this study, atrial fibrillation in
the low-dose group was 18% but anticoagula-
tion at discharge was only 6.4%; the corre-
sponding figures in the standard-dose group
were 16% vs 9.2%. Although patients were
repeatedly informed of the importance and
relative safety of anticoagulant use in patients
with atrial fibrillation at discharge, differences
in patient literacy, different economic status,
and some concern about the risk of bleeding
after medication administration led to different
medication adherence and differences in anti-
coagulant use between the two groups. In
addition, 55.9% of patients with atrial fibrilla-
tion did not receive regular anticoagulation

therapy, which is a particular concern because
this study found that atrial fibrillation signifi-
cantly increased the risk of long-term recur-
rence from AlS, and these findings have been
verified in other studies [29, 30]. In addition,
advanced age, symptomatic steno-occlusion,
and baseline NIHSS scores can increase the
long-term risk of death from AIS [31-33].
Therefore, it is important to identify patients
with AIS and a particularly high risk of a poor
long-term prognosis after intravenous throm-
bolysis and to develop future secondary pre-
vention strategies.

In this cohort study, we investigated, for the
first time, the relationship between the throm-
bolytic dose and long-term recurrence and
death after hospital discharge in patients with
AIS. This study examined standard-dose and
low-dose alteplase therapies for patients with
AIS, and ischemic stroke recurrence and death
were used as the endpoints, providing strong
support for the analysis of the relationship
between different alteplase doses and the risk of
long-term recurrence of and death from AIS. In
addition, this study has a longer follow-up per-
iod than previous studies.

Although our research incorporates several
novel discoveries, we acknowledge that our
study has some limitations. First, this was an
observational rather than an experimental
study, and clinicians may have selection bias in
dose selection. Despite multivariate adjustment
for several potential confounders, the possibil-
ity of residual confounding cannot be excluded.
Second, some patients with recurrent ischemic
stroke may not go to the hospital because of
mild or complete a lack of symptoms, which
may result in underestimation of the risk of
recurrent ischemic stroke. Third, we excluded
patients with large cerebral infarction requiring
craniectomy; this reduces the impact of con-
founding factors and makes the cohort study
more pure, but may have an impact on patient
prognosis assessment. Fourth, this study
focused on stroke events. Carotid artery disease
and heart failure are not used as routine indi-
cators of stroke recurrence and death, so these
two variables were not included, but we will
include these variables in future studies.
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CONCLUSION

This study found that standard-dose intra-
venously administered alteplase as a throm-
bolytic therapy can reduce the risk of the long-
term recurrence of AIS after discharge, atrial
fibrillation is associated with higher risks of
long-term recurrence from AIS after discharge,
and advanced age, symptomatic steno-occlu-
sion, and baseline NIHSS scores are associated
with a long-term risk of death. These findings
support the long-term benefits of using stan-
dard-dose intravenously administered alteplase
as a thrombolytic therapy in accordance with
currently accepted guidelines and reinforce the
importance of enhancing secondary prevention
in patients after discharge.
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