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Background: Mild stroke accounts for more than a half of all stroke patients, and short-term outcomes 
after treatment with intravenous (IV) recombinant tissue plasminogen activator (rtPA) have not been fully 
investigated in this group. 
Methods: Our study investigated short-term outcomes and predictors for a favorable functional outcome 
at discharge in mild stroke patients with IV rtPA. 6,752 mild stroke patients in the China Stroke Center 
Alliance with a clinical diagnosis of acute ischemic stroke, within 4.5 hours from symptom onset, with a 
baseline National Institutes of Health Stroke Scale score ≤5 and received rt-PA treatment were included 
in this retrospective analysis. Univariable and multivariable analyses were performed to identify factors 
independently associated with a favorable functional outcome.
Results: Only 18.5% had an unfavorable functional outcome at discharge, 91.1% were discharged home, 
89.9% could ambulate independently, 95.9% had a length of stay of 3 days or longer and 1.9% had sICH. 
A multivariable Logistic regression model identified that age >80 years [adjusted odds ratio (aOR): 1.57  
(1.1–2.25)], diabetes mellitus [aOR: 1.35 (1.16–1.58)], 3–4.5 h time window [aOR: 1.43 (1.26–1.63)] and 
NIHSS score [3 vs. 0, aOR: 1.49 (1.05–2.11); 4 vs. 0, aOR: 2.36 (1.68–3.33); 5 vs. 0, aOR: 2.51 (1.77–3.56)] 
were independent risk factors for mRS >2 with hospital region, hospital level and hypertension as covariates.
Conclusions: Our findings suggest that tPA is safe and effective in mild stroke patients with age ≤80 
within the 3 hour time window and in those without diabetes mellitus, further studies are needed to confirm 
the findings. 
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Introduction

In patients with ischemic stroke, mild strokes accounted for 
~50% (1), and these patients have a high risk of recurrence 
and consequently an increased risk of disability and death (2). 
Although intravenous (IV) thrombolysis using recombinant 
tissue plasminogen activator antigen (rtPA) is the first-
line treatment for acute ischemic stroke within 4.5 hours 
of symptom onset and was recommended for patients with 
disabling mild stroke patients within 3 hours of symptom 
onset in the latest guidelines (3), only 13.5% of mild stroke 
patients received rtPA treatment (4). 

A meta-analysis showed that IV rtPA could improve 
the odds of a favorable functional outcome for patients 
with a mild stroke within 4.5 hours of symptom onset (5).  
In addition, the Get With the Guidelines (GWTG) 
stroke registry reported that approximately 70% of mild 
stroke patients who received IV rtPA were able to return 
directly home or ambulate independently at discharge, 
and symptomatic intracranial hemorrhage (sICH) was 
infrequent (1.8%) (4). However, the Potential of rtPA for 
Ischemic Strokes With Mild Symptoms (PRISMS) trial in 
patients with mild, nondisabling ischemic stroke revealed that 
rtPA was not superior to aspirin for a favorable functional 
outcome at 90 days (6). Nevertheless, the PRISMS trial was 
limited by premature termination and lacked enough power 
to make strong conclusions. Whether rtPA is effective for 
improving functional outcomes in patients with mild stroke is 
still controversial. Moreover, data on the effectiveness and safety 
of rtPA use in Asian patients with mild stroke are lacking. 

Using a large scale prospective registry in China—the 
Chinese Stroke Center Alliance (CSCA) stroke registry (7), 
we evaluated short-term clinical outcomes and investigated 
the predictors for unfavorable functional outcome in mild 
stroke patients who have received IV rtPA within 4.5 hours 
of symptom onset. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-21-40). 

Methods

The CSCA is a national, hospital-based, multicenter, 
voluntary, multifaceted intervention and continuous 
quality improvement initiative, as described elsewhere (7). 
The CSCA enrolled patients aged 18 years or older with 
a primary diagnosis of acute stroke or transient ischemic 

attack. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Chinese Stroke Center Alliance 
(CSCA, the ethical reference number is KY 2018-061-
02). Participating hospitals received a healthcare quality 
assessment and research approval to collect data in the 
CSCA without requiring individual patient informed 
consent under the common rule or a waiver of authorization 
and exemption from their Institutional Review Board. 

Data were collected via a web-based patient data 
collection and management tool (Medicine Innovation 
Research Center, Beijing, China), abstracted via chart 
review, coded, deidentified and transmitted securely to 
maintain patient confidentiality compliant with national 
privacy standards. We used a data abstraction tool which 
was characterized by predefined logic features, range checks 
and user alerts to identify a potentially invalid format or 
value entries and to optimize data quality at the time of 
entry. In addition, The China National Clinical Research 
Center for Neurological Diseases (NCRCND) served as 
the data analysis center and had an agreement to analyze 
the aggregate deidentified data for care quality feedback in 
order to improve the data quality. 

Subjects

In our study, we included subjects who met the following 
inclusion criteria from the CSCA between March 2017 
and August 2019 from 1,476 hospitals in China: (I) initial 
diagnosis of acute ischemic stroke confirmed by brain CT 
or MRI; (II) admission National Institutes of Health stroke 
scale (NIHSS) score ≤5; (III) received IV rtPA within 
4.5 hours from stroke onset. We excluded patients with a 
premorbid modified Rankin Scale (mRS) score >1, missing 
of major outcomes information or admission NIHSS scores. 

An NIHSS score was assessed by neurologists certified 
in NIHSS evaluation at each hospital. We defined mild 
stroke as admission NIHSS score of 0–5 (4,6,8). Baseline 
characteristics included demographics, patient management 
data (time from onset to arrival, door to needle time, 
symptom to needle time, first received care at Neurology 
Emergency and care in stroke unit), total dosage of rtPA, 
admission NIHSS score, medical history, medications prior 
to admission, in-hospital treatment, the hospitals’ region 
(East China, Central China and Western China) and level 
(Tertiary or secondary hospital). 

http://www.baidu.com/link?url=DNaDKl1wRChk0wuDYF-H4QJnSTXuQN02Oao-R-aliWqjcrDfjp5BqaNAcdMT8SmeQ7fAnfzIBi8LFT6JU--5FV603aJFSZT13BiGJE8gRxS
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Clinical outcomes

An unfavorable functional outcome was defined as mRS >2 
at discharge, secondary outcomes included discharge home, 
independent ambulation at discharge (mRS <4) and length 
of stay (≥3 d). The mRS scores were documented by local 
physicians, ranging from 0-6, with 0 for no disability, 6 for 
death. Safety outcomes included sICH and gastrointestinal 
bleeding. sICH was defined as neurological worsening 
within 36 hours of rtPA administration with intracranial 
hemorrhage verified by computed tomography (CT) or 
magnetic resonance imaging (MRI), as documented by 
physicians.

Statistical analysis 

To describe the clinical characteristics and clinical outcomes 
of rtPA in mild stroke, data are presented as number 
(percentage) for categorical variables and mean ± SD for 
normally distributed continuous variables and median 
(interquartile range) for skewed data. 

To determine the predictors for mRS >2, univariable 
logistic regression with odds ratio (OR) [95% confidence 
interval (CI)] are presented as a forest tree. Then, a 
multivariable logistic regression model with significant 
variables in the univariable logistic regression (P<0.05) 
was performed to identify the independent predictors for 
mRS >2. Data were analyzed by SAS V.9.4 (SAS Institute 
Inc, Cary, NC), and %ggBaseline, a SAS macro which can 
analyze and report baseline characteristics automatically (9), 
was used to generate tables for this study.

Results

Among 1,006,798 patients enrolled from 1,476 hospitals 
between March 2017 and August 2019, 16,507 patients with 
NIHSS ≤5 received rtPA. After excluding 5,494 patients 
with missing data of clinical outcomes and 4,261 patients 
with premorbid mRS >1, 6,752 patients were included 
in the analysis. The baseline characteristics of included 
subjects are described in Table 1. The mean length of stay 
was 10.6±6.1 days. 

Table 2 shows short-term outcomes and treatment 
complications of rtPA in mild stroke patients. Among 6,752 
patients analyzed, 18.5% had a mRS >2 at discharge, 89.9% 
had independent ambulation, 91.1% were discharged home, 

Table 1 Patient characteristics

Variables Total (N=6,752)

Age 63.6±11.6

Age group, years

<45 344 (5.1)

45–65 3,384 (50.1)

66–80 2,553 (37.8)

>80 471 (7.0)

Male 4,606 (68.2)

First received care at Neurology 
Emergency

2,233 (33.1)

Care in stroke unit 2,344 (34.7)

Total dosage of rtPA 55.0±11.7

NIHSS at admission 3.0 (2.0–4.0)

Hypertension 4,014 (59.4)

Diabetes mellitus 1,227 (18.2)

Dyslipidemia 353 (5.2)

History of smoking 2,717 (40.2)

Atrial fib/flutter 378 (5.6)

Previous ischemic stroke or TIA 1,281 (19.0)

Previous MI 375 (5.6)

Carotid artery stenosis 26 (0.4)

Prior antiplatelet use 807 (12.0)

Prior anticoagulation use 108 (1.6)

Hospital region

Eastern 3,513 (52.0)

Central 2,531 (37.5)

Western 708 (10.5)

Hospital level

Secondary hospitals 2,565 (38.0)

Tertiary hospitals 4,187 (62.0)

Time measures

Time from onset to arrival, hours 1.6 (1.0–2.4)

Symptom to needle time, hours 2.7 (2.0–3.4)

Door to needle time, hours 0.8 (0.5–1.2)

rtPA, recombinant tissue plasminogen activator; TIA, transient 
ischemic attack; MI, myocardial infarction. 
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and 95.9% had a length of stay of 3 days or longer. As for 
safety outcomes, no patient died, 1.9% had sICH and 0.6% 
had gastrointestinal bleeding.

The short-term outcomes among different NIHSS 
scores are summarized in Table 3. Overall, the higher the 
NIHSS score was, the higher the rates of unfavorable 
functional outcome was and the lower the rates of 
independent ambulation and discharge home were. sICH, 
gastrointestinal bleeding and length of stay were not 
statistically different across NIHSS scores. 

Figure 1 shows the univariable analyses results for 
unfavorable functional outcome. NIHSS score, 3–4.5 hours 
window, age >80 years, hypertension, diabetes mellitus 
and receiving rtPA treatment in the secondary hospitals 
were associated with short-term unfavorable functional 
outcome. A multiple Logistic regression model found that 
age >80 years [adjusted OR (aOR) 1.57 (95% CI: 1.1–2.25)], 

diabetes mellitus [aOR 1.35 (95%CI: 1.16–1.58)], 3–4.5 h 
time window [aOR 1.43 (95% CI: 1.26-1.63)] and NIHSS 
score [3 vs. 0, aOR 1.49 (95% CI: 1.05–2.11); 4 vs. 0, aOR 
2.36 (95% CI: 1.68–3.33); 5 vs. 0, aOR 2.51 (95% CI: 1.77–
3.56)] were independently risk factors for mRS >2 with 
hospital region, hospital level and hypertension as covariates  
(Table 4). Subgroup analysis in patients with NIHSS 0-1 
revealed that old age [>80 vs. <45, aOR 6.38 (95% CI: 
1.32–30.76)] and diabetes mellitus [aOR 1.6 (95% CI: 1.02–
2.52)] were independently risk factors for mRS >2 with time 
window as covariate. 

Discussion

Our large prospective registry showed that favorable 
functional outcome was achieved by more than 80% of 
patients with infrequent sICH. Robust analyses revealed 
that 3–4.5 hour treatment window, age >80 years, diabetes 
mellitus and higher NIHSS score were risk factors for mRS 
>2 at discharge, similar to the overall stroke population. 

Although several previous studies have reported the 
outcomes in mild stroke patients treated with rtPA, the 
power of these results were limited by a small sample size 
(10-12). The GWTG-Stroke Registry including 5,910 mild  
stroke patients yielded convincing results  on the 
effectiveness and safety of rtPA (discharge home 70.6%, 
independent ambulation 69.7%, length of stay of 3 days 
or longer 73.0% and sICH 1.8%) (4). Nevertheless, there 
is a paucity of evidence for the benefit of rtPA treatment 
in Chinese mild stroke patients. Our study is currently the 
largest sample investigating the effectiveness and safety 
of rtPA in patients with mild stroke. Patients with initial 
NIHSS 0-1 who received IV rtPA treatment may have 

Table 2 Short-term outcomes and treatment complications 

Variables Total (N=6,752)

mRS >2 1,250 (18.5)

Independent ambulation at discharge 6,073 (89.9)

Discharge home 6,148 (91.1)

Length of stay ≥3 d 6,474 (95.9)

sICH 130 (1.9)

Gastrointestinal bleeding 42 (0.6)

*adjusted variables: total dosage of rtPA, first received care at 
neurology emergency, previous ischemic stroke or TIA, hospital 
region and hospital level. mRS, modified rankin scale; sICH, 
symptomatic intracranial hemorrhage; OR, odds ratio; aOR, 
adjusted odds ratio; CI, confidence interval.

Table 3 Short-term outcomes and treatment complications among NIHSS Scores

Variables
NIHSS=0 
(N=354)

NIHSS =1 
(N=812)

NIHSS =2 
(N=1,408)

NIHSS =3 
(N=1,466)

NIHSS =4 
(N=1,549)

NIHSS =5 
(N=1,163)

P for trend

mRS >2 42 (11.9) 75 (9.2) 182 (12.9) 256 (17.5) 389 (25.1) 306 (73.7) <0.001

Independent 
ambulation at discharge

334 (94.4) 776 (95.6) 1,305 (92.7) 1,333 (90.9) 1,338 (86.4) 987 (84.9) <0.001

Discharge home 317 (89.5) 763 (94.0) 1,302 (92.5) 1,329 (90.7) 1,393 (89.9) 1,044 (89.8) <0.001

Length of stay ≥3 d 340 (96.0) 786 (96.8) 1,362 (96.7) 1,406 (95.9) 1,472 (95.0) 1,108 (95.3) 0.14

sICH 5 (1.4) 11 (1.4) 21 (1.5) 34 (2.3) 33 (2.1) 26 (2.2) 0.36

Gastrointestinal 
bleeding

2 (0.6) 4 (0.5) 9 (0.6) 10 (0.7) 5 (0.3) 12 (1.0) 0.33

http://www.baidu.com/link?url=DNaDKl1wRChk0wuDYF-H4QJnSTXuQN02Oao-R-aliWqjcrDfjp5BqaNAcdMT8SmeQ7fAnfzIBi8LFT6JU--5FV603aJFSZT13BiGJE8gRxS
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Figure 1 A forest tree to elucidate the univariate analysis for good functional outcome.

Table 4 Multiple Logistic regression result for mRS >2 at discharge

Variables aOR (95% CI) P value

Age group

45–65 vs. 18–45 1 (0.74–1.36) 0.99

66–80 vs. 18–45 1.22 (0.9–1.65) 0.20

>80 vs. 18–45 1.57 (1.1–2.25) 0.01

Admission NIHSS

1 vs. 0 0.72 (0.48–1.08) 0.11

2 vs. 0 1.04 (0.73–1.49) 0.84

3 vs. 0 1.49 (1.05–2.11) 0.03

4 vs. 0 2.36 (1.68–3.33) <0.001

5 vs. 0 2.51 (1.77–3.56) <0.001

rtPA Window

3–4.5 vs. 0–3 hours 1.43 (1.26–1.63) <0.001

Diabetes mellitus

Yes vs. No 1.35 (1.16–1.58) <0.001
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been treated because their symptoms were fluctuating or 
because of the NIHSS score's inability to capture certain 
cerebellar and brainstem symptoms. In accordance with the 
GWTG-Stroke registry (4), we also found that the rate of 
sICH was quite low (1.9%), which was significantly lower 
than the recently reported sICH rate in the PRISMS trial 
(3.2%) (6) in mild stroke with NIHSS 0-5 and previous 
rtPA clinical trials with higher NIHSS (5–6%) (13-16). 
In addition, our sICH definition was similar with that in 
the GWTG-Stroke and the PRISMS trial. We defined 
sICH as neurological worsening within 36 hours of rtPA 
administration as documented by physicians. The definition 
of sICH is not identical to the National Institute of 
Neurological Disorders and Stroke criteria (13), it is similar 
and reasonably comparable. Consistent with the GWTG-
Stroke study, sICH rates did not significantly differ among 
NIHSS scores. The consistent and robust low sICH rates 
in Chinese and Caucasians mild stroke populations suggest 
that the safety of rtPA is generalizable to a broad range of 
patients with mild stroke. 

In comparison with the GWTG-Stroke study, we 
observed high rates of independent ambulation and 
discharge home, which may be due to the significantly 
longer length of stay in our study. In China, it usually takes  
3–7 days for comprehensive examinations during 
hospitalization to be completed to better understand 
the mechanism of stroke, including carotid ultrasound, 
transcranial doppler with a bubble test, carotid CT 
angiography, MRI and MR angiography, 24-hour Holter, 
echocardiography, blood tests and if necessary high-
resolution MRI. Moreover, the rehabilitation team in stroke 
centers in China usually initiates bedside language and/or 
motor rehabilitation for hospitalized stroke patients within 
2 days, which may be partly accounted for a higher rates of 
independent ambulation and directly discharge home as well. 

We also observed that 81.5% of rtPA patients achieved 
a favorable functional outcome at discharge. Although this 
is slightly lower than the favorable functional outcome rate 
in the PRISMS trial (89.7%), the follow-up duration of our 
study is significantly shorter than that in the PRISMS trial 
of 90 days (6). Consistent with previous studies, we also 
found that higher NIHSS score, 3–4.5 hours window and 
diabetes mellitus are robust and important risk factors for 
unfavorable functional outcome at discharge (4,5,17-20).

Our study provides insight on the effectiveness and 
safety of rtPA in mild stroke based on a large nationally 
representative prospective registry. It supports rtPA 
treatment in Asian patients with mild acute ischemic stroke. 

There are limitations to our study. First, we did not have 
information on patients’ NIHSS subitems (consciousness, 
aphasia, hemianopsia, motor, etc.), which could not allow 
us to differentiate whether the mild stroke was disabling or 
non-disabling. Further studies are warranted to investigate 
the efficacy and safety of rtPA in disabling mild stroke. 
Second, our study is a prospective registry, which may 
have selection bias and can not substitute for a randomized 
clinical trial to demonstrate the efficacy of rtPA in mild 
stroke. Although the PRISMS trial did not prove that rtPA 
was more beneficial than aspirin in non-disabling mild 
stroke, early termination with less than the anticipated 
number of patients caused a lack of power to make firm 
conclusions. Further clinical trials in mild stroke comparing 
rtPA with aspirin or aspirin plus clopidogrel are needed to 
provide conclusive evidence of rtPA benefit in mild stroke 
patients with longer-term outcomes.Third, more than 50% 
of minor stroke patients in the registry were excluded due 
to lack of data or mRS > 1 prestroke, that might have caused 
bias in the analysis. Fourth, we lacked information regarding 
stroke localization and etiology, which are important 
confounders for functional outcome. Lastly, patients 
with large vessel occlusion presenting as a mild stroke at 
admission may have stroke progression and unfavorable 
functional outcome at discharge, however, we lacked 
information of large vessel occlusion. Considering that 
2.7% mild stroke patients had large vessel occlusion (21),  
the findings in the current study may not be affected by the 
lack of information on large vessel occlusion.

Conclusions

Our findings suggest that rtPA is safe and effective in mild 
stroke patients with an age ≤80, within 3 hours time widow, 
and in those without diabetes mellitus. Our observation 
provides more evidence that tPA may be useful in mild 
stroke patients, but further studies are needed to confirm 
the findings. 
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