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Abstract. – OBJECTIVE: To investigate the 
safety and efficacy of intravenous thromboly-
sis with recombinant tissue plasminogen activa-
tor (rt-PA) in patients with acute ischemic stroke 
(AIS) and cerebral microbleeds (CMBs) and an-
alyze the risk factors for hemorrhagic transfor-
mation (HT).

PATIENTS AND METHODS: The clinical data 
of 220 patients with CMB within the first 4.5 h af-
ter the onset of acute ischemic stroke treated in 
our hospital from September 2018 to December 
2019 were retrospectively analyzed. Then, these 
patients were evenly assigned into two groups 
based on whether the intravenous thromboly-
sis with rt-PA was adopted or not. Next, the neu-
rological deficit was scored using the National 
Institute of Health stroke scale (NIHSS) before 
and after treatment, the modified Rankin scale 
(mRs) score of patients was recorded at 90 d af-
ter treatment, and the incidence rate and death 
rate of intracranial hemorrhage (ICH) after treat-
ment were recorded and evaluated. Additional-
ly, the univariate and logistic regression analy-
ses were employed for the risk factors for HT in 
patients after thrombolysis.

RESULTS: The NIHSS score declined to 
(7.08±3.75) points and (7.83±4.22) points at 24 
h after treatment and (3.67±3.63) points and 
(4.92±3.87) points at 7 d after treatment, respec-
tively, in Thrombolysis group and Control group, 
which were significantly lower than those before 
treatment (p<0.05). The NIHSS score displayed 
no statistically significant difference between the 
two groups at 24 h after treatment (p=0.165), 
whereas it was markedly lower in Thromboly-
sis group than that in Control group at 7 d af-
ter treatment (p=0.015). At 90 d after treatment, 
there were 98 (89.1%) and 79 (71.8%) cases of 
good prognosis in Thrombolysis group and Con-
trol group, respectively, and the difference was 
statistically significant between the two groups 

(p=0.002). Besides, the number of patients with 
SICH and aSICH was 3 and 2 (2.7% vs. 1.8%, 
p=0.651) and 9 and 4 (8.2% vs. 3.6%, p=0.152) 
in Thrombolysis group and Control group, re-
spectively, and the number of deaths was 7 and 
5 (6.4% vs. 4.5%, p=0.553) in the two groups, 
showing no statistically significant difference. 
The results of univariate and multivariate analy-
ses revealed that the time from stroke onset to 
thrombolysis, baseline NIHSS score, and histo-
ry of atrial fibrillation were independent risk fac-
tors affecting the HT of patients undergoing in-
travenous thrombolysis [odds ratio (OR) =1.330, 
95% confidence interval (95% CI) =1.079-1.851, 
p=0.019; OR=1.592, 95% CI=1.025-2.767, p=0.010; 
OR=2.428, 95% CI=1.814-3.643, p=0.016].

CONCLUSIONS: Compared with those un-
dergoing no intravenous thrombolysis with rt-
PA, patients with acute ischemic stroke and 
CMB who received intravenous thrombolysis 
with rt-PA exhibit significantly improved short-
term neurological function recovery and long-
term prognosis, but the incidence and mortality 
rates of ICH have no statistically significant dif-
ferences. Moreover, the time from stroke onset 
to thrombolysis, baseline NIHSS score, and his-
tory of atrial fibrillation are independent risk fac-
tors affecting the HT of patients treated with in-
travenous thrombolysis.
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Introduction

In the case of acute ischemic stroke (AIS), 
revascularization is applied to interfere with the 
arterial occlusion, so as to restore cerebral blood 
flow and improve neurological prognosis. Clin-
ically, intravenous tissue plasminogen activator 
(tPA) is mostly used1,2. In the treatment of acute 
ischemic stroke, intravenous thrombolysis con-
tinuously improves the neurological prognosis 
of patients, but it can also increase the risk of 
hemorrhagic transformation (HT)3. HT refers to 
the hemorrhage occurring in ischemic foci af-
ter stroke, whose incidence rate is 10-40% in 
ischemic stroke patients treated with thrombo-
lytic therapy4. Identifying patients with high risk 
of bleeding through early detection can reduce 
the risk of intracranial hemorrhage (ICH) after 
thrombolysis.

Cerebral microbleed (CMB) is a subclinical 
lesion caused by the leakage of blood through the 
damaged wall of microvessels, characterized by 
hemosiderin deposition in the brain parenchyma. 
It has been reported that the microbleeds shown 
on the image are a risk factor for ICH after intra-
venous thrombolysis. However, various studies5,6 
have shown that ICH after intravenous throm-
bolysis has no correlation with the microbleeds 
shown on the image. It is still debatable whether 
CMB increases the risk of ICH and whether these 
patients receive thrombolytic therapy. This study 
aims to explore the safety and efficacy of recom-
binant tPA (rt-PA) intravenous thrombolysis in 
patients with acute ischemic stroke and CMB and 
analyze the risk factors for HT.

Patients and Methods

Patients
The clinical data of 220 patients with CMB 

within the first 4.5 h after the onset of acute 
ischemic stroke treated in our hospital from Sep-

tember 2018 to December 2019 were retrospec-
tively analyzed. Then, these patients were even-
ly assigned into two groups based on whether 
the intravenous thrombolysis with rt-PA was 
adopted or not. The thrombolytic therapy was 
conducted for patients based on the 2013 AHA/
ASA Guidelines for the Early Management of 
Patients with Acute Ischemic Stroke and the 
2014 Chinese Guidelines for Acute Ischemic 
Stroke Management. All patients underwent 
magnetic resonance imaging (MRI) [T2*, T1, 
T2, and diffusion-weighted imaging (DWI) se-
quences] scans. DWI and T2 sequences were 
used to assess the location of ischemic lesions, 
and T2*-weighted GRE sequence was utilized 
to evaluate the location of CMB and early HT. 
The inclusion criteria were set as follows: 1) 
patients with ischemic stroke and obvious neu-
rological dysfunction, 2) those with first onset, 
3) those with the onset time <4.5 h, and 4) those 
aged ≥18 years old. The exclusion criteria in-
volved (1) patients with past history of cerebral 
hemorrhage, (2) those with intracranial injuries 
(such as head traumas and fractures) with high 
possibility of hemorrhage in the past 3 months, 
(3) those with past history of clear or suspected 
subarachnoid hemorrhage, (4) those suffering 
from intracranial diseases with high risk of 
hemorrhage, including brain tumors, aneurysms 
or vascular malformations, (5) those recently 
receiving intracranial or intraspinal surgery, (6) 
those who could not receive MRI examination 
due to various reasons (such as claustrophobia 
and pacemaker insertion), (7) those with severe 
heart, liver, and kidney dysfunction or obvious 
mental disorders, or (8) those with severe blood 
coagulation disorder and bleeding tendency. 
Among the 220 patients, there were 132 males 
and 88 females aged 33-79 years old, with an 
average of (61.63±9.69) years old. The baseline 
data of patients showed no statistically signifi-
cant differences between the two groups, which 
were comparable (Table I, p>0.05). All patients 
enrolled were informed of this study and signed 
the informed consent in accordance with Decla-
ration of Helsinki. This study was approved by 
the Ethics Committee of The Second Hospital of 
Shanxi Medical University.

Therapeutic Methods
In Thrombolysis group, patients were treat-

ed with intravenous thrombolysis with alteplase 
(trade name: Actilyse) within 4.5 h after onset 
at a dose of 0. 9 mg/kg, and the maximum dose 
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was ≤90 mg. 10% of the total dose was injected 
intravenously within 1 min, and the remaining 
was intravenously instilled within 1 h. Then, fur-
ther supportive treatments with brain protection 
agents, lipid-regulating drugs, and plaque-stabi-
lizing drugs were carried out to improve cerebral 
circulation and metabolism, and other underlying 
diseases were treated. All patients received head 
MRI (T1, T2, DWI, and T2*GRE), MRA, and 
PWI examinations at 24 h after thrombolytic 
therapy. If there was no bleeding on images, an-
tiplatelet aggregation therapy was performed by 
oral administration of 100 mg of aspirin and 75 
mg of clopidogrel.

In Control group, patients were given antiplate-
let drugs at the same dose as well as the same 
basic symptomatic treatments.

Observation Indexes
The diagnostic criteria for intracranial micro-

hemorrhage7 included (1) there are circular or 
quasi-circular uniform-density low signals on 
T2*GRE sequence or SWI sequence, with clear 
edges, (2) it is paramagnetic and contains blood 
degrading components, (3) there is blooming ef-
fect, (4) the diameter is 5-10 mm, (5) at least one-
half is surrounded by the brain parenchyma, (6) 
there is no T1 or T2-weighted high signal (such as 
cavernous hemangioma, tumor, and hemorrhagic 
infarction), (7) there is no diffuse axonal injury, 
and (8) there are no others low signals. The mi-

crobleeds were classified into the following three 
levels as per the Miembleed Anatomical Rating 
Scale (MARS): no microbleeds (n=0), a small 
amount of microbleeds (n=1-2), and multiple mi-
crobleeds (n≥3)8.

Based on the evaluation criteria of the National 
Institute of Neurological Disorders and Stroke 
(NINDS) clinical trials, a decrease of ≥4 points in 
the National Institute of Health stroke scale (NI-
HSS) score of patients and an evident improve-
ment in the neurological deficit at 24 h and 7 d 
after thrombolytic therapy indicated good short-
term prognosis, while a decrease of <4 points in 
the NIHSS score of patients at 24 h and 7 d after 
thrombolytic therapy suggested poor short-term 
prognosis9. Patients were followed up for prog-
nosis after 3 months. A modified Rankin scale 
(mRS) score of 0-2 points evaluated at 3 months 
after treatment was considered as good long-term 
prognosis, prompting that patients can live and 
work independently, whereas a mRS score of 3-6 
points evaluated at 3 months after treatment was 
defined as poor long-term prognosis, indicating 
that stroke patients have neurological dysfunc-
tion, cannot live independently, and need family 
care.

The HT was compared between the two groups 
of patients. HT is divided into symptomatic ICH 
(SICH) and asymptomatic ICH (aSICH). SICH 
refers to the symptoms of HT in patients re-
ceiving intravenous thrombolysis according to 

Table I. Baseline characteristics of the studied patients.

  Thrombolysis group Control group
 Parameters n = 110 n = 110 p-value

Age (years) 62.19 ± 9.73 60.84 ± 9.57 0.301
Gender (Male/ Female) 69/41 63/47 0.492
Mean time since stroke onset (h) 3.68 ± 1.28 3.45 ± 1.31 0.189
TOAST type (n, %)   0.621
  Large artery atherosclerosis 57 (51.8%) 59 (53.6%) 
  Small artery occlusion 30 (27.3%) 27 (24.5%) 
  Cardioembolism 17 (15.5%) 15 (13.6%) 
  Others  6 (5.5%)  9 (8.2%) 
Baseline NIHSS score 8.76 ± 4.29 9.08 ± 4.41 0.486
Baseline systolic pressure (mmHg) 154 ± 20 157 ± 22 0.291
Baseline blood glucose (mmol/L) 7.3 ± 2.9 7.7 ± 3.1 0.324
Smoking history (n, %) 64 (58.2%) 69 (62.7%) 0.491
Diabetes mellitus history (n, %) 27 (24.5%) 34 (30.9%) 0.292
Hypertension history (n, %) 52 (47.3%) 60 (54.5%) 0.281
Coronary heart disease history (n, %) 16 (14.5%) 23 (20.9%) 0.217
Hyperlipidemia history (n, %) 59 (53.6%) 67 (60.9%) 0.276
Atrial fibrillation history (n, %)  6 (5.5%) 11 (10.0%) 0.207
TIA history (n, %)  5 (4.5%)  9 (8.2%) 0.269

Notes: NIHSS: National Institutes of Health stroke scale; TIA: Transient Ischemic Attacks.
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the classification standards of the NINDS, and 
aSICH means only signs of HT is found on head 
CT after intravenous thrombolytic therapy, with-
out the symptoms of HT in patients10,11. Moreover, 
the risk factors for HT after intravenous thrombo-
lytic therapy were analyzed in combination with 
related literature reports. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 (IBM, Armonk, NY, USA) was uti-
lized for statistical analysis. Measurement data 
were expressed as mean ± standard deviation (x– ± 
s), and t-test was employed for the comparison 
between two groups and paired data within the 
group. Enumeration data were expressed as ratio 
(%), and χ2-test or Fisher’s exact test was used for 
comparison. Multivariate logistic regression anal-
ysis was adopted to analyze the risk factors of HT 
after intravenous thrombolysis. p<0.05 suggested 
that the difference was statistically significant.

 
Results

Comparison of Neurological Score 
Between the Two Groups of Patients 
Before and After Treatment

Before treatment, no statistically significant 
difference was found in the NIHSS score be-
tween the two groups (p=0.486). The NIHSS 
score was decreased to (7.08±3.75) points and 
(7.83±4.22) points at 24 h after treatment and 
(3.67±3.63) points and (4.92±3.87) points at 7 d 
after treatment, in Thrombolysis group and Con-

trol group, respectively, which were significant-
ly lower than that before treatment (p<0.05). Be-
sides, the NIHSS score displayed no statistically 
significant difference between the two groups at 
24 h after treatment (p=0.165), whereas it was 
markedly lower in Thrombolysis group than that 
in Control group at 7 d after treatment (p=0.015) 
(Table II).

Comparisons of Efficacy and ICH V 
Between the Two Groups of Patients 
at 90 d After Treatment

At 90 d after treatment, there were 98 (89.1%) 
and 79 (71.8%) cases of good long-term progno-
sis in Thrombolysis group and Control group, 
respectively, and the difference was statistically 
significant between the two groups (p=0.002) 
(Table II). The number of patients with SICH and 
aSICH was 3 and 2 (2.7% vs. 1.8%, p=0.0651) and 
9 and 4 (8.2% vs. 3.6%, p=0.152) in Thrombolysis 
group and Control group, respectively, and the 
number of deaths was 7 and 5 (6.4% vs. 4.5%, 
p=0.553) in the two groups, displaying no statis-
tically significant differences (Table II).

Univariate and Multivariate Analyses 
on HT of Patients Undergoing 
Intravenous Thrombolysis

Patients in Thrombolysis group were divided 
into HT group (n=12) and non-HT group (n=98) 
based on the incidence of HT. Then, the age, 
gender, time from stroke onset to thrombolysis, 
TOAST (Trial of ORG 10172 in Acute Stroke 
Treatment) class, baseline NIHSS score, baseline 
systolic blood pressure, baseline diastolic blood 
pressure, baseline blood glucose level, baseline 

Table II. Comparison of NIHSS score, mRS scores and prognosis indexes of patients in the two groups.

  Thrombolysis group Control group
 Parameters  n = 110 n = 110 p-value

NIHSS score   
  Pretreatment 8.76 ± 4.29 9.08 ± 4.41 0.486
  24 hs Posttreatment 7.08 ± 3.75 7.83 ± 4.22 0.165
  7 days Posttreatment 3.67 ± 3.63 4.92 ± 3.87 0.015
90 days Posttreatment mRS (n, %)    0.002
  0-2 points 98 (89.1%) 79 (71.8%) 
  3-6 points 12 (10.9%) 31 (28.2%) 
Intracranial hemorrhage (n, %)   
  SICH  3 (2.7%)  2 (1.8%) 0.651
  aSICH  9 (8.2%)  4 (3.6%) 0.152
  Death (n, %)  7 (6.4%)  5 (4.5%) 0.553

Notes: NIHSS: National Institutes of Health stroke scale; mRS: Modified Rankin scale; SICH: Symptomatic intracranial 
hemorrhage; aSICH: Asymptomatic intracranial hemorrhage.
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Hb, baseline PLT, baseline fibrinogen, history 
of smoking, history of hypertension, history of 
diabetes mellitus, history of atrial fibrillation, 
history of coronary heart disease, history of TIA 
and history of hyperlipidemia were included in 
the univariate analysis of HT. The results uncov-
ered that the time from stroke onset to throm-
bolysis, baseline NIHSS score, baseline systolic 
blood pressure, history of hypertension, and his-
tory of atrial fibrillation were risk factors for HT 
in patients receiving intravenous thrombolysis 
(p=0.048, p<0.001, p=0.003, p<0.001, p<0.001) 
(Table III).

Next, the factors of statistical differences in the 
univariate analysis were included in multivariate 
logistic regression analysis, and it was found that 
the time from stroke onset to thrombolysis, base-

line NIHSS score, and history of atrial fibrillation 
were independent risk factors affecting the HT 
of patients undergoing intravenous thrombolysis 
[odds ratio (OR) =1.330, 95% confidence inter-
val (95% CI)= 1.079-1.851, p=0.019, OR=1.592, 
95% CI=1.025-2.767, p=0.010, OR=2.428, 95% 
CI=1.814-3.643, p=0.016] (Table IV).

Discussion

Currently, intravenous thrombolysis with rt-PA 
is one of the most effective approaches for the 
treatment of ischemic stroke. According to the 
results of European Cooperative Acute Stroke 
Study III (ECASS III) on thrombolysis (OR=1.26, 
95% CI=1.05-1.51), the intravenous injection of 

Table III. Univariate analysis of hemorrhagic transformation after intravenous thrombolysis of the studied patients.

 Parameters HT n = 12 Non HT n = 98 p-value

Age (years) 65.57 ± 10.31 60.86 ± 9.83 0.122
Gender (Male) 6 (8.7%) 63 (91.3%) 0.334
Time from stroke onset to thrombolysis (h) 4.08 ± 1.58 3.30 ± 1.67 0.048
TOAST type (n, %)   0.372
  Large artery atherosclerosis 9 (15.8%) 48 (84.2%) 
  Small artery occlusion 2 (6.7%) 28 (93.3%) 
  Cardioembolism 1 (5.9%) 16 (94.1%) 
  Others 0 (0%) 6 (100%) 
Baseline NIHSS score (points) 14.58 ± 6.49 6.77 ± 4.84 0.001
Baseline systolic pressure (mmHg) 171 ± 24 151 ± 21 0.003
Baseline diastolic pressure (mmHg) 93 ± 18 86 ± 16 0.161
Baseline blood glucose (mmol/L) 8.8 ± 3.8 7.1 ± 3.2 0.092
Baseline Hb (g/L) 131.28 ± 31.58 137.30 ± 27.26 0.479
Baseline PLT (1012/L) 205.91 ± 45.65 214.34 ± 40.50 0.576
Baseline fibrinogen (g/L) 2.92 ± 1.12 3.19 ± 1.19 0.457
Smoking history (n, %) 6 (50.0%) 58 (59.2%) 0.553
Hypertension history (n, %) 9 (75.0%) 43 (43.9%) 0.001
Diabetes mellitus history (n, %) 4 (33.3%) 23 (23.5%) 0.484
Atrial fibrillation history (n, %) 4 (33.3%) 2 (2.0%) 0.001
Coronary heart disease history (n, %) 2 (16.7%) 14 (14.3%) 0.586
TIA history (n, %) 1 (8.3%) 4 (4.1%) 0.445
Hyperlipidemia history (n, %) 5 (41.7%) 54 (55.1%) 0.541

Notes: HT: Hemorrhagic transformation; NIHSS: National Institutes of Health stroke scale; TIA: Transient Ischemic Attacks.

Table IV. Multivariable Cox Regression analysis of hemorrhagic transformation after intravenous thrombolysis of the studied 
patients.

 Parameters OR value 95% CI p-value

Time from stroke onset to thrombolysis (h) 1.330 1.079-1.851 0.019
Baseline NIHSS score 1.592 1.025-2.767 0.010
Baseline systolic pressure (mmHg) 1.035 0.891-1.414 0.209
Hypertension history (n, %) 1.063 0.933-1.527 0.251
Atrial fibrillation history (n, %) 2.428 1.814-3.643 0.016

Notes: HT: OR: Odds Ratio; CI: Confidence interval; NIHSS: National Institutes of Health stroke scale.
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rt-PA significantly enhances the efficacy and ob-
servably improves the 90-d clinical prognosis 
(the mRS score is 0 or 1) of patients receiving 
thrombolytic therapy within 3-4.5 h after the 
onset of AIS at the same time. Besides, the re-
sults of the Third International Stroke Trial (IST 
III) in 2012 where 3,035 patients with AIS were 
included reveal that the thrombolytic therapy is 
effective, and it also benefits patients aged over 
80 years old at the same time12,13. At present, it is 
agreed in most international guidelines that the 
treatment with intravenous rt-PA within 4.5 h 
after onset is safe and effective for AIS patients. 
Based on the North American Stroke Registry, an 
advancement of 15 min in the starting time of the 
treatment suggests an increase of 4% in the good 
prognosis during hospitalization and a decrease 
of 4% in the risks of SICH and death14. In this 
study, it was found that the NIHSS score was 
prominently lower in Thrombolysis group than 
that in Control group (p=0.015), and the number 
of patients with good prognosis was considerably 
higher in Thrombolysis group than that in Con-
trol group [98 (89.1%) vs. 79 (71.8%), p=0.002].

Post-thrombolysis HT, especially ICH, is the 
major severe complication of intravenous throm-
bolysis. According to the comparison of the total 
occurrence rate of bleeding in stroke patients 
treated with and without thrombolytic therapy 
in NINDS research, the total occurrence rate 
of bleeding of the former is about 3 times that 
of the latter15. Based on ECASS III, the risk of 
symptomatic bleeding in patients treated with 
thrombolytic therapy is 10 times that of those not 
receiving thrombolytic therapy16. In this study, 
the results showed that the incidence rate of ICH 
after treatment was slightly higher in Throm-
bolysis group than that in Control group, but 
the difference was not statistically significant 
(p>0.05). The efficacy is often poor once SICH 
occurs, which is an important factor leading to 
an increase in the disability rate of patients and 
affecting the prognosis. For this reason, discover-
ing the risk factors for post-thrombolysis HT is of 
important clinical significance.

The time from onset to thrombolysis is an 
important factor leading to post-thrombolysis 
bleeding events. The thrombolysis time window 
of alteplase stipulated by the NINDS is within 
3 h, but the ECASS-III study results show that 
thrombolytic therapy with alteplase is still ef-
fective at 3-4.5 h after onset17. It is observed in 
the IST-3 that the risk of SICH rises by 6% in 
patients undergoing thrombolysis within 6 h after 

onset18. The window of intravenous thrombolysis 
with rt-PA is within 3 h in the United States, 
Canada, Croatia and Moldova, and 4.5 h in other 
countries. In China, different indications and 
contraindications are also formulated for patients 
undergoing thrombolysis at the time window of 
within 3 h, 3-4.5 h and within 6 h in thromboly-
sis guidelines. However, after satisfying various 
indications and exclusion principles, it is still dis-
covered that the bleeding risk is higher in patients 
receiving thrombolysis within 3-6 h than that in 
those receiving thrombolysis within 3 h.

Besides, the pre-thrombolysis NIHSS score 
is proven to be an independent risk factor for 
post-thrombolysis bleeding. The occurrence rate 
of slCH after thrombolysis in patients with a 
baseline NIHSS score of 20 points is 11 times 
that of those with a NIHSS score of 5 points. A 
multi-center survey of acute stroke patients un-
dergoing thrombolysis with rt-PA has shown that 
the NIHSS score is an independent risk factor 
for ICH, and an increase of 1 point in the NIHSS 
score indicates an increase of 1.38% in the risk 
of bleeding. Patients with NIHSS score <5 points 
will have a low risk of poor prognosis such as HT 
if they undergo intravenous thrombolysis with al-
teplase within 3-4.5 h19. The IST-3 shows that the 
efficacy of thrombolytic therapy in patients with 
atrial fibrillation is as good as that in those with-
out atrial fibrillation. The results of the Virtual 
International Stroke Trials Archive (VISTA) are 
consistent with the findings of the IST-3 study20. 
However, it was found in a meta-analysis in 2016 
uncovered that the occurrence rate of SICH in 
atrial fibrillation patients receiving thrombolytic 
therapy after ischemic stroke is increased, and 
the 90-d functional outcome is relatively poor21. 
Saposnik et al22 also showed that the proportion 
of ICH in patients with ischemic stroke and atrial 
fibrillation after intravenous thrombolysis is in-
creased, and the good prognosis rate after throm-
bolysis has no evident increase.

Moreover, hypertension is also confirmed in 
the research to be an independent risk factor 
for post-thrombolysis HT, and the systolic blood 
pressure is negatively correlated with stroke prog-
nosis23-25. The blood pressure of 80% of patients 
with acute ischemic stroke will show a transient 
increase, and it will spontaneously decline in 
a short period of time, which is related to the 
stress response of the body and the physiological 
response to cerebral hypoxia and increased intra-
cranial pressure. As required in the 2014 Chinese 
guidelines for the diagnosis and treatment of 
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ischemic stroke, the pre-thrombolysis systolic 
and diastolic blood pressures are controlled at 
<180 mmHg and <100 mmHg, respectively. The 
results of univariate and multivariate analyses 
in this study revealed that the time from stroke 
onset to thrombolysis, baseline NIHSS score, and 
history of atrial fibrillation were independent risk 
factors affecting the HT of patients treated with 
intravenous thrombolysis.

There are some limitations in this research. 
This study is a retrospective study with limited 
sample size, short follow-up period and incom-
prehensive follow-up content. In addition, the 
long-term prognosis of patients was not analyzed 
in this study. Hence, multicenter and large long-
term follow-up studies are needed in the future to 
verify the conclusion of this study.

Conclusions

Compared with those undergoing no intra-
venous thrombolysis with rt-PA, patients with 
acute ischemic stroke and CMB who received 
intravenous thrombolysis with rt-PA exhibit sig-
nificantly improved short-term neurological func-
tion recovery and long-term prognosis, but the 
incidence and mortality rates of ICH have no 
statistically significant differences. In addition, 
the time from stroke onset to thrombolysis, base-
line NIHSS score, and history of atrial fibrillation 
are independent risk factors affecting the HT of 
patients treated with intravenous thrombolysis. 
The findings of this study provide a basis for the 
treatment of acute ischemic stroke and CMBs.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Wang S, Lv Y, Zheng X, Qiu J, Chen HS. The 
impact of cerebral microbleeds on intracere-
bral hemorrhage and poor functional outcome 
of acute ischemic stroke patients treated with in-
travenous thrombolysis: a systematic review and 
meta-analysis. J Neurol 2017; 264: 1309-1319.

 2) Calleja AI, Cortijo E, Garcia-Bermejo P, Gomez 
RD, Perez-Fernandez S, Del MJ, Munoz MF, Fer-
nandez-Herranz R, Arenillas JF. Collateral circu-
lation on perfusion-computed tomography-source 
images predicts the response to stroke intrave-
nous thrombolysis. Eur J Neurol 2013; 20: 795-
802.

 3) Gratz PP, El-Koussy M, Hsieh K, von Arx S, Mono 
ML, Heldner MR, Fischer U, Mattle HP, Zubler C, 
Schroth G, Gralla J, Arnold M, Jung S. Preexist-
ing cerebral microbleeds on susceptibility-weight-
ed magnetic resonance imaging and post-throm-
bolysis bleeding risk in 392 patients. Stroke 2014; 
45: 1684-1688.

 4) Song TJ, Kim J, Song D, Yoo J, Lee HS, Kim 
YJ, Nam HS, Heo JH, Kim YD. Total Cerebral 
Small-Vessel Disease Score is Associated with 
Mortality during Follow-Up after Acute Ischemic 
Stroke. J Clin Neurol 2017; 13: 187-195.

 5) Shoamanesh A, Kwok CS, Lim PA, Benavente 
OR. Postthrombolysis intracranial hemorrhage 
risk of cerebral microbleeds in acute stroke pa-
tients: a systematic review and meta-analysis. Int 
J Stroke 2013; 8: 348-356.

 6) Wu X, Yan J, Ye H, Qiu J, Wang J, Wang Y. 
Pre-treatment cerebral microbleeds and intracra-
nial hemorrhage in patients with ischemic stroke 
receiving endovascular therapy: a systematic re-
view and meta-analysis. J Neurol 2020; 267: 
1227-1232.

 7) Charidimou A, Shoamanesh A. Clinical rele-
vance of microbleeds in acute stroke thrombol-
ysis: Comprehensive meta-analysis. Neurology 
2016; 87: 1534-1541.

 8) Gregoire SM, Chaudhary UJ, Brown MM, Yous-
ry TA, Kallis C, Jager HR, Werring DJ. The Mi-
crobleed Anatomical Rating Scale (MARS): reli-
ability of a tool to map brain microbleeds. Neurol-
ogy 2009; 73: 1759-1766.

 9) Anderson CS, Robinson T, Lindley RI, Arima H, 
Lavados PM, Lee TH, Broderick JP, Chen X, 
Chen G, Sharma VK, Kim JS, Thang NH, Cao 
Y, Parsons MW, Levi C, Huang Y, Olavarria VV, 
Demchuk AM, Bath PM, Donnan GA, Martins S, 
Pontes-Neto OM, Silva F, Ricci S, Roffe C, Pandi-
an J, Billot L, Woodward M, Li Q, Wang X, Wang 
J, Chalmers J. Low-Dose versus Standard-Dose 
Intravenous Alteplase in Acute Ischemic Stroke. 
N Engl J Med 2016; 374: 2313-2323.

10) Rha JH, Shrivastava VP, Wang Y, Lee KE, 
Ahmed N, Bluhmki E, Hermansson K, Wahlgren 
N. Thrombolysis for acute ischaemic stroke with 
alteplase in an Asian population: results of the 
multicenter, multinational Safe Implementation 
of Thrombolysis in Stroke-Non-European Union 
World (SITS-NEW). Int J Stroke 2014; 9 Suppl 
A100: 93-101.

11) Aoki J, Sakamoto Y, Kimura K. Intravenous 
Thrombolysis Increases the Rate of Dramatic 
Recovery in Patients with Acute Stroke with an 
Unknown Onset Time and Negative FLAIR MRI. 
J Neuroimaging 2016; 26: 414-419.

12) Sandercock P, Wardlaw JM, Lindley RI, Den-
nis M, Cohen G, Murray G, Innes K, Venables 
G, Czlonkowska A, Kobayashi A, Ricci S, Mur-
ray V, Berge E, Slot KB, Hankey GJ, Correia M, 
Peeters A, Matz K, Lyrer P, Gubitz G, Phillips 
SJ, Arauz A. The benefits and harms of intrave-
nous thrombolysis with recombinant tissue plas-



Y.-S. Lei, H. Li, J.-Y. Lei, S.-X. Li, D.-F. Li

786

minogen activator within 6 h of acute ischaemic 
stroke (the third international stroke trial [IST-3]): 
a randomised controlled trial. Lancet 2012; 379: 
2352-2363.

13) Millan M, Remollo S, Quesada H, Renu A, To-
masello A, Minhas P, Perez DLON, Rubiera M, 
Llull L, Cardona P, Al-Ajlan F, Hernandez M, Assis 
Z, Demchuk AM, Jovin T, Davalos A. Vessel Pa-
tency at 24 Hours and Its Relationship With Clin-
ical Outcomes and Infarct Volume in REVASCAT 
Trial (Randomized Trial of Revascularization With 
Solitaire FR Device Versus Best Medical Therapy 
in the Treatment of Acute Stroke  Due to Anteri-
or Circulation Large Vessel Occlusion Presenting 
Within Eight Hours  of Symptom Onset). Stroke 
2017; 48: 983-989.

14) Saver JL, Fonarow GC, Smith EE, Reeves MJ, 
Grau-Sepulveda MV, Pan W, Olson DM, Her-
nandez AF, Peterson ED, Schwamm LH. Time 
to treatment with intravenous tissue plasmino-
gen activator and outcome from acute ischemic 
stroke. JAMA 2013; 309: 2480-2488.

15) Liu S, Feng X, Jin R, Li G. Tissue plasminogen 
activator-based nanothrombolysis for ischemic 
stroke. Expert Opin Drug Deliv 2018; 15: 173-184.

16) Bluhmki E, Chamorro A, Davalos A, Machnig 
T, Sauce C, Wahlgren N, Wardlaw J, Hacke W. 
Stroke treatment with alteplase given 3.0-4.5 h 
after onset of acute ischaemic stroke (ECASS III): 
additional outcomes and subgroup analysis of a 
randomised controlled trial. Lancet Neurol 2009; 
8: 1095-1102.

17) Neuberger U, Mohlenbruch MA, Herweh C, Ulfert 
C, Bendszus M, Pfaff J. Classification of Bleeding 
Events: Comparison of ECASS III (European Co-
operative Acute Stroke Study) and the New Hei-
delberg Bleeding Classification. Stroke 2017; 48: 
1983-1985.

18) Sandercock P, Wardlaw JM, Lindley RI, Dennis 
M, Cohen G, Murray G, Innes K, Venables G, 
Czlonkowska A, Kobayashi A, Ricci S, Murray V, 
Berge E, Slot KB, Hankey GJ, Correia M, Peeters 
A, Matz K, Lyrer P, Gubitz G, Phillips SJ, Arauz A. 
The benefits and harms of intravenous thrombol-
ysis with recombinant tissue plasminogen activa-
tor within 6 h of acute ischaemic stroke (the third 

international stroke trial [IST-3]): a randomised 
controlled trial. Lancet 2012; 379: 2352-2363.

19) Amiri H, Bluhmki E, Bendszus M, Eschenfelder 
CC, Donnan GA, Leys D, Molina C, Ringleb PA, 
Schellinger PD, Schwab S, Toni D, Wahlgren N, 
Hacke W. European Cooperative Acute Stroke 
Study-4: Extending the time for thrombolysis in 
emergency neurological deficits ECASS-4: Ex-
TEND. Int J Stroke 2016; 11: 260-267.

20) Frank B, Fulton R, Weimar C, Shuaib A, Lees KR. 
Impact of atrial fibrillation on outcome in thrombo-
lyzed patients with stroke: evidence from the Vir-
tual International Stroke Trials Archive (VISTA). 
Stroke 2012; 43: 1872-1877.

21) Yue R, Li D, Yu J, Li S, Ma Y, Huang S, Zeng Z, 
Zeng R, Sun X. Atrial Fibrillation is Associated 
With Poor Outcomes in Thrombolyzed Patients 
With Acute Ischemic Stroke: A Systematic Re-
view and Meta-Analysis. Medicine (Baltimore) 
2016; 95: e3054.

22) Saposnik G, Gladstone D, Raptis R, Zhou L, Hart 
RG. Atrial fibrillation in ischemic stroke: predicting 
response to thrombolysis and clinical outcomes. 
Stroke 2013; 44: 99-104.

23) Wahlgren N, Ahmed N, Davalos A, Ford GA, 
Grond M, Hacke W, Hennerici MG, Kaste M, 
Kuelkens S, Larrue V, Lees KR, Roine RO, So-
inne L, Toni D, Vanhooren G. Thrombolysis with 
alteplase for acute ischaemic stroke in the Safe 
Implementation of Thrombolysis in Stroke-Mon-
itoring Study (SITS-MOST): an observational 
study. Lancet 2007; 369: 275-282.

24) Perini F, De Boni A, Marcon M, Bolgan I, Pelliz-
zari M, Dionisio LD. Systolic blood pressure con-
tributes to intracerebral haemorrhage after throm-
bolysis for ischemic stroke. J Neurol Sci 2010; 
297: 52-54.

25) Hacke W, Kaste M, Fieschi C, von Kummer R, 
Davalos A, Meier D, Larrue V, Bluhmki E, Davis S, 
Donnan G, Schneider D, Diez-Tejedor E, Trouil-
las P. Randomised double-blind placebo-con-
trolled trial of thrombolytic therapy with intrave-
nous alteplase in acute ischaemic stroke (ECASS 
II). Second European-Australasian Acute Stroke 
Study Investigators. Lancet 1998; 352: 1245-
1251.


	OLE_LINK1
	OLE_LINK4

