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ABSTRACT
Objectives: This study aimed to investigate the clinical data of patients with acute ischemic stroke who received low-dose intra-
venous (IV) thrombolytic therapy (0.9 mg/kg; maximum 50 mg) for various reasons, compare the obtained results with those of 
patients who received standard-dose thrombolytic therapy, and discuss them in light of the literature.
Methods: Patients who received IV thrombolytic therapy within 4.5 h of symptom onset between January 2015 and June 2018 were 
retrospectively reviewed. Patients were divided into the low-dose group (0.9 mg/kg; max. 50 mg) and the standard-dose group (0.9 
mg/kg; max 90 mg) according to the thrombolytic therapy dose, after which demographic data and clinical results were analyzed.
Results: A total of 109 patients receiving thrombolytic therapy (19 patients in the low-dose group and 90 patients in the stan-
dard-dose group) were included in the study. There was no significant difference between the two groups in terms of good out-
come rates (47.4% vs. 52.2%). There was no statistically significant difference in terms of symptomatic and asymptomatic intrace-
rebral hemorrhage rates.
Conclusion: Our study showed similar efficacy and safety for low-dose IV thrombolytic therapy compared with standard-dose IV 
thrombolytic therapy administered within 4.5 h of symptom onset in patients with acute ischemic stroke.
Key words: Intracranial hemorrhage, ischemic stroke, thrombolytic therapy
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Studies underpinning intravenous (IV) thrombolytic 
therapy in acute ischemic stroke (AIS) reported that IV 

recombinant tissue plasminogen activator (IV r-tPA) (max-
imum dose: 90 mg) at a standard dose of 0.9 mg/kg had 
improved functional outcomes in selected patients.[1-4]

On the other hand, standard-dose therapy is linked to 
the risk of increased symptomatic intracerebral hem-
orrhage (ICH), leading to mortality, within the first few 

days after the therapy, independent from the age or the 
severity of the stroke.[5,6] Therefore, the efficacy and safe-
ty of low IV r-tPA dose in the patients with AIS have been 
investigated.[6-12]

A non-randomized Japanese Alteplase Clinical Tri-
al (J-ACT) that included patients with AIS within 3 h of 
symptom onset J-ACT[7] demonstrated non-inferior clin-
ical results for the standard-dose effect compared with 

http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4420-6452
https://orcid.org/0000-0003-1882-8992
https://orcid.org/0000-0002-0486-6026
https://orcid.org/0000-0002-3543-6213
https://orcid.org/0000-0002-7271-7524
https://orcid.org/0000-0003-4808-2191


360 The Medical Bulletin of Sisli Etfal Hospital

0.6 mg/kg (maximum dose: 60 mg/kg) r-tPA and report-
ed a lower risk for symptomatic ICH. Following J-ACT and 
other reports in Japan,[8,9] the Japanese Pharmaceuticals 
Safety Authority endorsed the usage of alteplase at a 
dose of 0.6 mg/kg as a treatment regimen in AIS.[3] In 
Asia, low-dose IV thrombolytic therapy is used because 
it is regarded as efficient and safe, and it is employed as a 
bridge treatment before scheduled endovascular thera-
py in the United States.[13] In ENCHANTED, an internation-
al, multicenter, randomized, controlled trial, low-dose IV 
r-tPA (0.6 mg/kg; maximum 60 mg; 15% as an IV bolus 
and the remaining 85% as a 1-h continuous infusion) 
made an important step towards being an effective and 
safer thrombolysis therapy in patients with AIS, which 
had been administered in the first 4.5 h of symptom on-
set under tight blood pressure control.[14]

In a meta-analysis, it is also suggested that low-dose r-tPA 
was effective and safe, and recommended in patients 
with AIS.[15] In a multicenter, randomized, and prospective 
study that included mainly Asian patients, significantly less 
symptomatic ICH was reported with low dose IV r-tPA in 
AIS. However, the study could not demonstrate the effec-
tiveness of low-dose IV r-tPA treatment.[16]

Currently, the licensed dose for Alteplase in Japan in treat-
ing AIS is 0.6 mg/kg, and it is recommended to be adminis-
tered with a total dose of 0.9 mg/kg (max dose 90 mg) in all 
treatment guidelines except Japan.[17]

The objective was to examine the clinical data of patients 
with AIS who had received low-dose IV. r-tPA therapy (0.9 
mg/kg; max. 50 mg) for various reasons, compare the ob-
tained results with those of the patients who had received 
standard-dose thrombolytic therapy and discuss them in 
accordance with the literature.

Methods

Study Cohort
In this observational, retrospective study, patients who 
had received IVr-tPA therapy during the first 4.5 h of 
symptom onset between January 2015 and June 2018 
were reviewed. Ischemic stroke was subtyped according 
to the patients’ clinical characteristics.[18] Patients receiv-
ing endovascular therapy and patients without follow-up 
in the next 3 months after stroke were not included. Pa-
tients were examined in agreement with the recommen-
dations of the American Heart Association/American 
Stroke Association 2016 guidelines about indication and 
contraindication before thrombolytic therapy.[19] 120 pa-
tients who had received IV r-tPA treatment were recorded. 
However, 109 patients who met the required study crite-

ria and whose records were accessed were also included 
in the study. Patients were evaluated in 2 subgroups ac-
cording to thrombolytic therapy dose (standard dose and 
low dose IV r-tPA groups). Patients weighing more than 55 
kg were included in the low-dose IV r-tPA group. Accord-
ingly, the standard-dose IV r-tPA group and the low-dose 
IV r-tPA group consisted of 90 and 19 patients respective-
ly. The weights of the patients receiving low-dose therapy 
and the reasons for receiving low-dose therapy are pre-
sented in Table 1.

The suggested IV r-tPA dose (Actilyse®, Boehringer Ingel-
heim, Ingelheim, Germany) by the National Institute of 
Neurological Disorders and Stroke (NINDS) study was 
administered as a standard dose (10% of the total dose 
of maximum 90 mg r-tPA calculated from 0.9 mg/kg was 
administered as IV bolus and the remaining as a 1-h infu-
sion).[1] We administered low-dose thrombolytic therapy, 
with 10% of the r-tPA total dose calculated from 0.9 mg/kg 
(maximum 50 mg) given as an IV bolus and the rest as a 1-h 
infusion.[20] Patients who had complete demographic and 
clinical characteristics and the ones who had computed 
tomography (CT) scans of the brain before and 24 h after 
treatment, and if necessary, afterward, were included in the 
study. ICH developing within the first 36 h after treatment 
and responsible for impairment in the general condition 
was recorded as “symptomatic,” and incidentally noticed 
ICH in follow-up scans as ‘asymptomatic.’ 

Demographic data, symptom/needle time, baseline Na-
tional Institutes of Health Stroke Scale (NIHSS) scores of 
the patients, as well as NIHSS scores calculated 24 h after 
IV thrombolysis were recorded. Early neurologic improve-
ment (ENI) was determined as an NIHSS score of 0 or 1 
or an improvement in the score of NIHSS ≥8-point at 24 
h post-thrombolytic therapy.[21] The neurologic disability 
of the patients at 3rd month was determined utilizing the 
modified Rankin scale (mRS) scores; an mRS score of ≤2 at 
3rd month indicated a good functional result. Demographic 
data and the clinical results were compared between stan-
dard dose and low dose IV r-tPA groups.

The study was approved by the Ethics Committee of Küta-
hya Health Sciences University (date: July 24, 2019, num-
ber: 2019/08-4). The current study was carried out in accor-
dance with the Helsinki Declaration.

Statistical Analysis
Using the SPSS 24.0 software (IBM Corp.; Armonk, NY, 
USA) for statistical analysis, the normality of continuous 
variables was examined by Kolmogorov-Smirnov test, 
and the Mann-Whitney U-test was used for comparisons 
between variables for data not normally distributed. We 
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expressed the values as median (minimum and maxi-
mum) values and, the categorical data were expressed as 
counts and percentages. We used Chi-square test, Fisher’s 
exact test, and Continuity correction to compare categor-
ical data. p<0.05 was accepted as a statistical significance 
level.

Results

Demographic and Baseline Characteristics of 
Patients
Of 109 patients with AIS receiving IV thrombolytic therapy 
comprising the study population, 19 (17.4%) were in the 

Table 1. Reasons for patients receiving low-dose thrombolytic therapy

Age 
(year)

Gender Reasons for using low-dose treatment Weight of 
patients (kg)

Recommended dose based 
on patients’ weight (mg)

Difference of
dose (mg)*

62 M Received one dose LMWH at another hospital 
(we learned during the IV-tPA treatment and 

stopped)

60 54 4

53 M Admission at near the treatment window 
limit and neurological deterioration during 

the IV-tPA treatment

74 66.6 16.6

87 F Renal failure (regular hemodialysis) 80 72 22

66 F Admission at near the treatment window 
limit and resistant HT requiring IV 

antihypertensive therapy

68 61.9 11.9

65 M Allergic reaction 58 52.2 2.2

57 M The reason was not stated in patients’ 
medical reports

86 77.4 27.4

62 M •Renal failure (regular hemodialysis) 78 71.2 21.2

59 M Received one dose LMWH at another hospital 
(we learned during the IV-tPA treatment and 

stopped)

78 71.2 21.2

69 F Admission at near the treatment window 
limit and resistant HT requiring IV 

antihypertensive therapy

100 90 40

73 M •Received one dose LMWH and presence of 
several risk factors for bleeding complication

72 64.8 14.8

91 F •Advanced age and presence of several risk 
factors for bleeding complication

58 52.2 2.2

68 M Treatment could not be completed because 
of delirium

80 72 22

53 M The reason was not stated in patients’ 
medical reports 

75 67.5 17.5

77 F Resistant HT requiring IV antihypertensive 
therapy

80 72 22

75 M Resistant HT requiring IV antihypertensive 
therapy

82 73.8 23.8

41 M Admission at near the treatment window 
limit and resistant HT requiring IV 

antihypertensive therapy

62 55.8 5.8 

74 F Resistant HT requiring IV Antihypertensive 
therapy

70 63 13

76 F Resistant HT requiring IV Antihypertensive 
therapy

74 66.6 15.6

81 F •Renal failure 75 67.5 17.5

M: Male; F: Female; LMWH: Low molecular weighted heparin; HT: Hypertension; IV: Intravenous. All of the patients received IV rTPA at a total dose of 50 mg; 
*: Recommended treatment dose-received treatment dose; •: Patients initially scheduled for low-dose IV rTPA.
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low-dose IV r-tPA group and 90 (82.6%) were in the stan-
dard-dose IV r-tPA group. In the current study, 55 patients 
were male (50.5%) and the median age of the patients was 
73 (range, 35–92) years.

In the standard-dose IV r-tPA group, diabetes was signifi-
cantly higher as a vascular risk factor (p=0.08). The two 
groups did not differentiate statistically significantly in 
terms of symptom/needle time, baseline mean NIHSS 
scores, glucose concentrations, systolic and diastolic blood 
pressure values, acetyl-salicylic acid use, and the presence 
of stroke history. Patients’ demographic and baseline char-
acteristics are given in Table 2.

Clinical and Functional Outcomes
A total of 56 patients (51.4%) yielded good functional out-
comes (mRS≤2). Nine patients (47.4%) in the low-dose IV 
r-tPA group and 47 patients (52.2%) in the standard-dose IV 

r-tPA group had good functional outcomes. The two groups 
did not differentiate statistically significantly in terms of the 
3rd month distribution of good functional outcomes (p>0.05). 

A total of 33 patients (30.3%) had ENI. There was not any 
significant difference in early neurological improvement 
between the two groups (p=0.68). There was not any sig-
nificant difference in mean NIHSS scores at 24 h post-treat-
ment (p=0.50). The Asymptomatic ICH rate was high in the 
standard-dose group, with no statistical significance (13.3–
5.3%, p=0.45). Symptomatic ICH was identified in one pa-
tient (5.3%) in the low-dose IV r-tPA group versus 3 patients 
(3.7%) in the standard-dose IV r-tPA group. Mortality was 
observed in 6 patients (31.6%) in the low-dose IV r-tPA 
group versus 20 patients (22.2%) in the standard-dose IV 
r-tPA group, with no significant difference between the two 
groups (p=0.38). Patients’ clinical and functional outcomes 
are presented in Table 3 and Graphic Fig. 1.

Table 2. Comparison of demographic and baseline characteristics of patients in low-dose vs. standard-dose thrombolytic therapy groups

Low-dose, n=19 (17.4%) Standard-dose, n=90 
(82.6%)

Test statistic Total, n=109 p

Age (years)
>65

68 (42–91)/47.74
12 (63.2)

74 (35–92) /56.53
63 (70)

717
0.09

73 (35–92)
75 (68.8)

0.27a

0.75b

Gender, n (%)
Female
Male

8 (42.1)
11 (57.9)

46 (51.1) 
44 (48.9)

0.21 54 (49.5)
55 (50.5)

0.64b

Vascular risk factors, n (%)
Hypertension
Diabetes
Hyperlipidemia
Atrial Fibrillation
CAD
Smoking

13 (68.4)
2 (10.5)
7 (36.8)
9 (47.4)
4 (21.1)
5 (26.3)

59 (65.6)
30 (33.3)
24 (26.7)
41 (45.6)
24 (26.7)
33 (36.7)

.00
3.93
0.37
0.00

-
0.35

72 (66.1)
32 (29.4)
31 (28.4)
50 (45.9)
28 (25.7)
38 (34.9)

1b

0.08b

0.54b

1b

0.77c

0.55b

SBP (mmHg) 146 (115–220)/53.68 150 (80–200)/55.28 830 150 (80–220) 0.84a

DBP (mmHg) 85 (70–120)/65.74 80 (60–120)/52.73 651 83 (60–120) 0.09a

Blood glucose level (mg/
dL)

127 (97–194)/ 51.26 132 (78–363)/ 55.79 974 130 (78–363) 0.57a

Acetyl salicylic acid use, 
n (%)

5 (26.3) 22 (24.4) - 27 (25) 0.54c

History of stroke 2 (10.5) 4 (4.4) - 6 (5.5)22 0.28c

Clinical stroke type, n (%)
TACI
PACI
POCI
Lacunar

8 (42.1)
9 (47.4)
1 (5.3)
1 (5.3)

46 (51.1)
32 (35.6)

6 (6.7)
6 (6.7)

1.52 54 (49.5)
41 (37.6)

7 (6.4)
7 (6.4)

0.67d

S/N time (min) 150 (79–270)/59.63 150 (60–270)/54.02 767 150 (60–270) 0.48a

NIHSS (pre-treatment) 12 (3–20)/42.29 15 (5–26)/57.68 613 14 (3–26) 0.053a

CAD: Coronary artery disease; DBP: Diastolic blood pressure; Min.: Minimum; Max.: Maximum; NIHSS: The national institutes of health stroke scale score; 
S/N: Symptom/needle; SBP: Systolic blood pressure; TACI: Total anterior circulation infarct; PACI: Partial anterior circulation infarct; POCI: Posterior circulation 
infarct; Data were expressed as median (minimum: maximum)/mean Rank and n (%); a: Mann Whitney U Testi; b: Continuity correction; c: Fisher’s Exact Test; 
d: Pearson Chi-Square.
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Discussion
Many Asian studies on low-dose IV r-tPA in AIS obtained sim-
ilar clinical outcomes in proportion to the standard-dose IV 
r-tPA, and low-dose IV r-tPA is commonly used in Asia.[3,7] 
The efficacy of low-dose alteplase has been investigated in 
cases where the risk of bleeding was highly likely such as in 
patients with older age, in cases of scheduled endovascular 
therapy,[22,23] in patients with impaired renal function,[22,24] 
or in cases where the time at which stroke began is unclear 
such as patients with wake-up stroke,[25] in low-income 
countries where the treatment cost is a concern,[20,26] and in 
cases of mild stroke.[27] Patients with renal dysfunction who 
had received IV thrombolytic therapy provided conflicting 
results regarding mortality, disability, and ICH. Similar re-
sults were obtained in the presence of renal dysfunction 
for low-dose versus standard-dose IV thrombolytic thera-
py.[24,28] A study that assessed the results of IV thrombolyt-
ic treatment in patients aged over 80 years indicated that 
low-dose IV thrombolytic therapy could be used in patients 
with low NIHSS. On the other hand, there was no differ-
ence in mortality and ICH rates between low-dose versus 
standard-dose therapy in patients aged over 80 years who 

experienced a severe stroke; however, the good function-
al outcomes rate was higher in the patients who received 
standard-dose therapy. Therefore, it was suggested that 
treatment options of low-dose and standard-dose IV r-tPA 
treatment should be offered to patients and their relatives, 
and information on possible positive and negative differ-
ences should be shared.[29]

Although we do not prefer low-dose IV thrombolytic ther-
apy in our practice, we had to administer it in some cases. 
Mostly, the reasons for applying low-dose thrombolytic 
therapy were difficulties in reaching the target arterial 
blood pressure, interrupting the infusion several times due 
to reincrease in blood pressure, previous use of received 
low-molecular-weight heparin (LMWH), and presence of 
renal failure IV thrombolysis is the main treatment for AIS. 
Thrombolysis-related symptomatic ICH, one of the most 
scared complications of the treatment,[30] is seen approxi-
mately in 6% of the patients and can lead to mortality in 
approximately 50% of the patients. Although not a contra-
indication for thrombolytic therapy, prolonged symptom/
needle time, high baseline NIHSS score, hypertension, and 
diabetes history have been shown to be the most signifi-
cant predictors of the risk for thrombolysis-related symp-
tomatic ICH.[31] atrial fibrillation and cardioembolic strokes 
have been linked to increased risk and poor prognosis of 
thrombolysis-related ICH.[32-34] In our study, the presence of 
diabetes among the vascular risk factors of the two groups 
was remarkably higher in the standard-dose IV r-tPA group. 
No significant difference was found among other risk fac-
tors. 

The symptomatic ICH rate was found 5.8% in the J-ACT[7] 
trial with low-dose thrombolytic therapy, and 6.4% in the 
NINDS trial with standard-dose thrombolytic therapy.[1] 
This rate was reported as 5% in Japan in another low-dose 
thrombolytic therapy group.[35] Similar rates were seen in 
our study. The SIH rate was 5.5% in the low-dose IV r-tPA 
group and 3.3% in the standard-dose IV r-tPA group.

Table 3. Comparison of clinical and functional outcomes in low-dose vs. standard dose thrombolytic therapy groups

Clinical outcomes Low-dose, n=19, 
(17.4%)

Standard-dose, n=90, 
(82.6%)

Test statistic Total, n=109 P

ENI within 24 h, n (%) 7 (36.8) 26 (28.9) 0.16 33 (30.3) 0.68a

NIHSS (at 24 h post-treatment) 8 (0–25)/50.61 10 (0–26)/ 55.93 771 9 (0–26) 0.50b

aSIH, n (%) 1 (5.3) 12 (13.3)  - 13 (11.9) 0.45c

SIH, n (%) 1 (5.3) 3 (3.3)  - 4 (3.7) 0.54c

3. month mRS ≤2, n (%) 9 (47.4) 47 (52.2) 0 .00 56 (51.4) 1a

Mortality, n (%) 6 (31.6) 20 (22.2) - 26 (23.9) 0.38c

aSIH: Asymptomatic ıntracerebral hemorrhage; ENI: Early neurological improvement; Min.: Minimum; Max.: Maximum; mRS: Modified rankin scale; NIHSS: 
The national ınstitutes of health stroke scale score; SIH: Symptomatic ıntracerebral hemorrhage; Data were expressed as median (minimum: maximum)/
mean Rank and n (%); a: Continuity correction; b: Mann Whitney U-test; c: Fisher’s exact test.

Figure 1. Functional outcomes, intracerebral hemorrhage and, mor-
tality rates in low-dose and standart-dose thrombolytic therapy 
groups. aSIH: Asymptomatic intracerebral hemorrhage, ENI: Early 
neurological improvement, mRS: Modified rankin scale, SIH: Symp-
tomatic intracerebral hemorrhage.
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The present guidelines do not suggest the usage of IV 
thrombolytic therapy for patients who received MWH, 
rivaroxaban, and other factor Xa inhibitors in the past 
24–48 h.[36] However, the study by Xian et al.[37] suggest-
ed that r-tPA therapy could be considered in chosen pa-
tients with AIS receiving factor Xa inhibitors. The patients 
in whom Rota et al.[38] administered thrombolytic therapy 
while on regular rivaroxaban developed asymptomatic 
hemorrhagic transformation, which, however, was out-
weighed by the benefit derived from the thrombolytic 
therapy, suggesting that the r-tPA therapy can be consid-
ered in patients receiving novel oral anticoagulants. Our 
study showed no significant differences between symp-
tomatic and asymptomatic ICH rates. In the low-dose IV 
r-tPA group, only one patient had asymptomatic and only 
one patient had symptomatic ICH. During treatment, we 
discovered that our patient with asymptomatic ICH had 
been regularly using a novel oral anticoagulant (rivarox-
aban), and our patient with symptomatic hemorrhage 
had received an effective dose of LMWH before the ther-
apy. For these reasons, we could not complete the stan-
dard dose of therapy in our patients. 

In this study, the 3rd month good functional outcome rate 
(mRS ≤2) in the low-dose IV r-tPA group was 47.4% versus 
52.2% in the standard-dose IV r-tPA group, with no sig-
nificant difference. This rate was 35% in a Japanese study 
with low-dose therapy.[35] The mortality rate was 23.9% 
(n=26). No patients died due to ICH. The mortality rate in 
the standard-dose group was 22.2% (n=26) versus 31.6% 
(n=6) in the low-dose group, with no significant differ-
ence. This rate was reported as 9.7% in the J-ACT[7] study, 
15% in another Japanese study,[34] and 17% in the NINDS[1] 
study. Although the study by Liao et al.[39] suggested that 
standard-dose IV r-tPA produced better functional out-
comes than low-dose IV r-tPA in patients with AIS with-
out increasing the risk for ICH, meta-analysis studies re-
ported similar efficacy and safety between patients with 
AIS receiving low-dose IV r-tPA and those receiving stan-
dard-dose IV r-tPA.[15]

The study is valuable as it is the first data about the results 
of low-dose IV thrombolytic therapy in AIS in Turkey. Since 
our study is retrospective and reflects the small number of 
results from a single stroke center, our results cannot be 
generalized to our country.

Conclusion
In summary, a reduction in ICH rates, which is the most 
feared r-tPA complication, achieved by low-dose thera-
py may further encourage neurologists to administer this 
treatment. Similar efficacy with standard-dose therapy and 

the association with fewer complications and lower costs 
may be important factors for further widespread use of 
low-dose thrombolytic therapy. This study showed a sim-
ilar level of impact and safety for low-dose alteplase ther-
apy compared to the standard-dose thrombolytic therapy 
administered in the first 4.5 h of symptom onset in patients 
with AIS. Most of the publications on low-dose IV-rtPA 
treatment applications were made in Asia. It is known that 
the rate of intracranial atherosclerosis is higher in the Asian 
population. According to the present study results, we can 
speculate that Turkish population may have similarities 
and similar responses to the Asian population more than 
Western Societies/population.

Disclosures

Ethics Committee Approval: The study was approved by the 
Ethics Committee of Kutahya Health Sciences University (No: 
2019/08-4, dated: 07.24.2019).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – M.C., G.A., S.C.K.; Design 
– N.E., M.G., M.C.; Supervision – N.E., S.C.K., M.C.; Fundings: F.A.A., 
M.C.; Materials – M.C., G.A.; Data collection &/or processing – M.C., 
F.A.A.; Analysis and/ or interpretation – N.E., M.C.; Literature re-
view – M.G., F.A.A., G.A.; Writing – M.C., N.E.; Critical review – M.G., 
S.C.K., G.A.

References 
1. National Institute of Neurological Disorders and Stroke rt-PA 

Stroke Study Group. Tissue plasminogen activator for acute 
ischemic stroke. N Engl J Med 1995;333:1581-7. [CrossRef ]

2. Tanrıverdi Z, Necioğlu Örken D, Aksoy S, Parasız Yükselen N, Öztürk 
Kargı E, Mumcu S, et al. Intravenous thrombolytic theraphy in 
acute stroke: the experience of the neurology department of Sisli 
Etfal Education and Research Hospital. Med Bull Sisli Etfal Hosp 
[Article in Turkish] 2012;46:165-9.

3. Sharma VK, Kawnayn G, Sarkar N. Acute ischemic stroke: 
comparison of low-dose and standard-dose regimes of tissue 
plasminogen activator. Expert Rev Neurother 2013;13:895-
902. [CrossRef ]

4. Meschia JF. Management of acute ischemic stroke. What is 
the role of tPA and antithrombotic agents? Postgrad Med 
2000;107:85-93. [CrossRef ]

5. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, 
et al. Effect of treatment delay, age, and stroke severity on the 
effects of intravenous thrombolysis with alteplase for acute 
ischaemic stroke: a meta-analysis of individual patient data from 
randomised trials. Lancet 2014;384:1929-35. [CrossRef ]

6. Koller RL, Anderson DC. Intravenous thrombolytic therapy for 
acute ischemic stroke. Weighing the risks and benefits of tissue 
plasminogen activator. Postgrad Med 1998;103:221-31. [CrossRef ]

https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1586/14737175.2013.827412
https://doi.org/10.3810/pgm.2000.5.15.1091
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.3810/pgm.1998.04.457


365Cetiner et al., Low-dose Intravenous Thrombolytic Therapy in Stroke / doi: 10.14744/SEMB.2023.51437

7. Yamaguchi T, Mori E, Minematsu K, Nakagawara J, Hashi K, Saito I, 
et al; Japan Alteplase Clinical Trial (J-ACT) Group. Alteplase at 0.6 
mg/kg for acute ischemic stroke within 3 hours of onset: Japan 
Alteplase Clinical Trial (J-ACT). Stroke 2006;37:1810-5. [CrossRef ]

8. Toyoda K, Koga M, Naganuma M, Shiokawa Y, Nakagawara J, 
Furui E, et al; Stroke Acute Management with Urgent Risk-factor 
Assessment and Improvement Study Investigators. Routine use of 
intravenous low-dose recombinant tissue plasminogen activator 
in Japanese patients: general outcomes and prognostic factors 
from the SAMURAI register. Stroke 2009;40:3591-5. [CrossRef ]

9. Nakagawara J, Minematsu K, Okada Y, Tanahashi N, Nagahiro S, 
Mori E, et al; J-MARS Investigators. Thrombolysis with 0.6 mg/kg 
intravenous alteplase for acute ischemic stroke in routine clinical 
practice: the Japan post-Marketing Alteplase Registration Study 
(J-MARS). Stroke 2010;41:1984-9. [CrossRef ]

10. Wong YS, Sung SF, Wu CS, Hsu YC, Su YH, Hung LC, et al. The 
impact of loading dose on outcome in stroke patients receiving 
low-dose tissue plasminogen activator thrombolytic therapy . 
Drug Des Devel Ther 2020;14:257-63. [CrossRef ]

11. Herath HMMTB, Rodrigo C, Alahakoon AMBD, Ambawatte 
SB, Senanayake S, Senanayake B, et al. Outcomes of stroke 
patients undergoing thrombolysis in Sri Lanka; an observational 
prospective study from a low-middle income country. BMC 
Neurol 2021;21:434. [CrossRef ]

12. Montalván Ayala V, Rojas Cheje Z, Aldave Salazar R. Controversies 
in cerebrovascular disease: high or low doses of recombinant 
tissue plasminogen activator to treat acute stroke? A literature 
review. Neurologia (Engl Ed) 2022;37:130-5. [CrossRef ]

13. Georgladis AL, Memon MZ, Shah QA, Vazquez G, Suri MF, 
Lakshminarayan K, et al. Comparison of partial (0,6 mg/kg) 
versus full-dose (0,9 mg/kg) intravenous recombinant tissue 
plasminogen activator followed by endovascular treatment 
for acute ischemic stroke: a meta-analysis. J Neuroimaging 
2011;21:113-20. [CrossRef ]

14. Huang Y, Sharma VK, Robinson T, Lindley RI, Chen X, Kim JS, et 
al; ENCHANTED investigators. Rationale, design, and progress 
of the ENhanced Control of Hypertension ANd Thrombolysis 
strokE stuDy (ENCHANTED) trial: an international multicenter 2 x 
2 quasi-factorial randomized controlled trial of low- vs. standard-
dose rt-PA and early intensive vs. guideline-recommended blood 
pressure lowering in patients with acute ischaemic stroke eligible 
for thrombolysis treatment. Int J Stroke 2015;10:778-88. [CrossRef ]

15. Cheng JW, Zhang XJ, Cheng LS, Li GY, Zhang LJ, Ji KX, Zhao Q, et al. 
Low-dose tissue plasminogen activator in acute ischemic stroke: 
a systematic review and meta-analysis. J Stroke Cerebrovasc Dis 
2018;27:381-90. [CrossRef ]

16. Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, Lee 
TH, et al; ENCHANTED Investigators and Coordinators. Low-dose 
versus standard-dose intravenous alteplase in acute ischemic 
stroke. N Engl J Med 2016;374:2313-23. Erratum in: N Engl J Med 
2018;378:1465-6. [CrossRef ]

17. Campbell BCV, Khatri P. Stroke. Lancet 2020;396:129-42. [CrossRef ]

18. Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification 
and natural history of clinically identifiable subtypes of cerebral 
infarction. Lancet 1991;337:1521-6. [CrossRef ]

19. Demaerschalk BM, Kleindorfer DO, Adeoye OM, Demchuk AM, 
Fugate JE, Grotta JC, et al; American Heart Association Stroke 
Council and Council on Epidemiology and Prevention. Scientific 
rationale for the inclusion and exclusion criteria for intravenous 
alteplase in acute ischemic stroke: a statement for healthcare 
professionals from the American Heart Association/American 
Stroke Association. Stroke 2016;47:581-641. Erratum in: Stroke 
2016;47:e262. [CrossRef ]

20. Pan SM, Liu JF, Liu M, Shen S, Li HJ, Dai LH, et al. Efficacy and safety 
of a modified intravenous recombinant tissue plasminogen 
activator regimen in Chinese patients with acute ischemic stroke. 
J Stroke Cerebrovasc Dis 2013;22:690-3. [CrossRef ]

21. Vaclavik D, Vilionskis A, Jatuzis D, Karlinski MA, Gdovinova Z, Kõrv J, et 
al. Clinical outcome of cardioembolic stroke treated by intravenous 
thrombolysis. Acta Neurol Scand 2018;137:347-55. [CrossRef]

22. Kim BJ, Han MK, Park TH, Park SS, Lee KB, Lee BC, et al. Low-versus 
standard-dose alteplase for ischemic strokes within 4.5 hours: a 
comparative effectiveness and safety study. Stroke 2015;46:2541-
8. Erratum in: Stroke 2015;46:e231. [CrossRef ]

23. Tajima Y, Hayasaka M, Ebihara K, Kubota M, Matsuda T, Nishino W, 
et al. Effectiveness of low-dose intravenous tissue plasminogen 
activator before stent retriever or aspiration mechanical 
thrombectomy. J Vasc Interv Radiol 2019;30:134-40. [CrossRef ]

24. Carr SJ, Wang X, Olavarria VV, Lavados PM, Rodriguez JA, 
Kim JS, et al; ENCHANTED Investigators. Influence of renal 
impairment on outcome for thrombolysis-treated acute ischemic 
stroke: ENCHANTED (Enhanced Control of Hypertension 
and Thrombolysis Stroke Study) post hoc analysis. Stroke 
2017;48:2605-9. [CrossRef ]

25. Koga M, Toyoda K, Kimura K, Yamamoto H, Sasaki M, Hamasaki T, 
et al; THAWS investigators. THrombolysis for Acute Wake-up and 
unclear-onset Strokes with alteplase at 0·6 mg/kg (THAWS) Trial. 
Int J Stroke 2014;9:1117-24. [CrossRef ]

26. Salam KA, Ummer K, Kumar VG, Noone ML, Laila A, Ragini J. 
Intravenous thrombolysis for acute ischemic stroke: the Malabar 
experience 2003 to 2008. J Clin Neurosci 2009;16:1276-8. [CrossRef ]

27. Yang J, Yu F, Liu H, An H, Xiong R, Huang D. A retrospective study 
of thrombolysis with 0.6 mg/kg recombinant tissue plasminogen 
activator (rt-PA) in mild stroke. Sci Rep 2016;6:31344. [CrossRef ]

28. Naganuma M, Koga M, Shiokawa Y, Nakagawara J, Furui E, 
Kimura K, et al. Reduced estimated glomerular filtration rate is 
associated with stroke outcome after intravenous rt-PA: the 
Stroke Acute Management with Urgent Risk-Factor Assessment 
and Improvement (SAMURAI) rt-PA registry. Cerebrovasc Dis 
2011;31:123-9. [CrossRef ]

29. Chao AC, Han K, Lin SF, Lin RT, Chen CH, Chan L, et al; Taiwan 
Thrombolytic Therapy for Acute Ischemic Stroke (TTT-AIS) Study 

https://doi.org/10.1161/01.STR.0000227191.01792.e3
https://doi.org/10.1161/STROKEAHA.109.562991
https://doi.org/10.1161/STROKEAHA.110.589606
https://doi.org/10.2147/DDDT.S235388
https://doi.org/10.1186/s12883-021-02475-3
https://doi.org/10.1016/j.nrl.2018.04.003
https://doi.org/10.1111/j.1552-6569.2009.00441.x
https://doi.org/10.1111/ijs.12486
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.014
https://doi.org/10.1056/NEJMc1801548
https://doi.org/10.1016/S0140-6736(20)31179-X
https://doi.org/10.1016/0140-6736(91)93206-O
https://doi.org/10.1161/STR.0000000000000086
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.08.018
https://doi.org/10.1111/ane.12880
https://doi.org/10.1161/STROKEAHA.115.010180
https://doi.org/10.1016/j.jvir.2018.11.005
https://doi.org/10.1161/STROKEAHA.117.017808
https://doi.org/10.1111/ijs.12360
https://doi.org/10.1016/j.jocn.2009.01.004
https://doi.org/10.1038/srep31344
https://doi.org/10.1159/000321516


366 The Medical Bulletin of Sisli Etfal Hospital

Group. Low-dose versus standard-dose intravenous alteplase 
for octogenerian acute ischemic stroke patients: a multicenter 
prospective cohort study. J Neurol Sci 2019;399:76-81. [CrossRef ]

30. Yaghi S, Eisenberger A, Willey JZ. Symptomatic intracerebral 
hemorrhage in acute ischemic stroke after thrombolysis with 
intravenous recombinant tissue plasminogen activator: a review of 
natural history and treatment. JAMA Neurol 2014;71:1181-5. [CrossRef]

31. Chenna V, Kaul S, Tandra S, Yareeda S, Mathukumalli N, Kohat 
AK, et al. Predictors of intracerebral hemorrhage in acute stroke 
patients receiving intravenous recombinant tissue plasminogen 
activator. Ann Indian Acad Neurol 2018;21:214-9. [CrossRef ]

32. Ge WQ, Chen J, Pan H, Chen F, Zhou CY. Analysis of risk factors 
increased hemorrhagic transformation after acute ischemic 
stroke. J Stroke Cerebrovasc Dis 2018;27:3587-90. [CrossRef ]

33. Shon SH, Heo SH, Kim BJ, Choi HY, Kwon Y, Yi SH, et al. Predictors 
of hemorrhage volume after intravenous thrombolysis. J Stroke 
Cerebrovasc Dis 2016;25:2543-8. [CrossRef ]

34. Wang XG , Zhang LQ, Liao XL, Pan YS, Shi YZ, Wang CJ, et al; 
Thrombolysis Implementation and Monitoring of acute ischemic 
Stroke in China (TIMS-China) Investigators. Unfavorable outcome 
of thrombolysis in Chinese patients with cardioembolic stroke: a 
prospective cohort study. CNS Neurosci Ther 2015;21:657-61. [CrossRef]

35. Yoneda Y, Yamamoto S, Hara Y, Ohta K, Matsushita M, Yamamoto 
D, et al. Post-licensed 1-year experience of systemic thrombolysis 

with tissue plasminogen activator for ischemic stroke in a Japanese 

neuro-unit. Clin Neurol Neurosurg 2007;109:567-70. [CrossRef]

36. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis 

NC, Becker K, et al; American Heart Association Stroke Council. 

2018 Guidelines for the early management of patients with acute 

ischemic stroke: a guideline for health care professionals from the 

American Heart Association/American Stroke Association. Stroke 

2018;49:e46-110. Erratum in: Stroke 2018;49:e138. Erratum in: 

Stroke 2018 Apr 18. [CrossRef ]

37. Xian Y, Federspiel JJ, Hernandez AF, Laskowitz DT, Schwamm 

LH, Bhatt DL, et al. Use of Intravenous recombinant tissue 

plasminogen activator in patients with acute ischemic stroke 

who take non-vitamin K antagonist oral anticoagulants before 

stroke. Circulation 2017;135:1024-35. [CrossRef ]

38. Rota E, Bruzzone G, Agosti S, Pastorino R, Morelli N. A case report 

of parenchymal hematoma after intravenous thrombolysis in a 

rivaroxaban-treated patient: is it a true rivaroxaban hemorrhagic 

complication? Medicine (Baltimore) 2017;96:e9435. [CrossRef ]

39. Liao X, Wang Y, Pan Y, Wang C, Zhao X, Wang DZ, et al; 

Thrombolysis Implementation and Monitor of Acute Ischemic 

Stroke in China Investigators. Standard-dose intravenous tissue-

type plasminogen activator for stroke is better than low doses. 

Stroke 2014;45:2354-8. [CrossRef ]

https://doi.org/10.1016/j.jns.2019.01.047
https://doi.org/10.1001/jamaneurol.2014.1210
https://doi.org/10.4103/aian.AIAN_228_17
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.08.028
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.035
https://doi.org/10.1111/cns.12421
https://doi.org/10.1016/j.clineuro.2007.05.002
https://doi.org/10.1161/STR.0000000000000158
https://doi.org/10.1161/CIRCULATIONAHA.116.023940
https://doi.org/10.1097/MD.0000000000009435
https://doi.org/10.1161/STROKEAHA.114.005989

