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 Background & Objective:  If primary angioplasty is not available, thrombolytic 

therapy is an appropriate option for the treatment of acute myocardial infarction 

(AMI) in the early hours after the beginning of the signs. This study aimed to assess 

the safety and effectiveness of tenecteplase (TNKase) vs. alteplase in the treatment 

of ST-elevation myocardial infarction (STEMI). 

 Materials & Methods:  PubMed, Cochrane Library, and Web of Science were 

searched for the safety and clinical effectiveness of TNKase vs. alteplase, and a 

manual search was performed among the American, European, and Iranian 

cardiovascular journals. Randomized clinical trials (RCTs) that included comparisons 

of TNKase with alteplase alone or with other drugs in STEMI patients published in 

English, Persian, and Korean languages were included. Two authors independently 

assessed the eligibility and quality of RCTs. Finally, the data were analyzed in Review 

Manager version 5.3. 

Results:  There was no statistically significant difference between TNKase and 

alteplase in the risk of 30-day mortality (RR=1.01; 95% CI: 0.89-1.13; P=0.82). The 

risk of reinfarction, cardiogenic shock, intracranial hemorrhage (ICH), stroke, and 

minor bleeding was similar in AMI patients treated with both drugs. TNKase was 

associated with a statistically significant reduction of total bleeding (P=0.0003) and 

major bleeding (P=0.0003).  

Conclusion:  In comparison with alteplase, TNKase is recommended due to its 

easier use and higher safety in reducing the risk of bleeding. 

 Keywords:  Thrombolytic therapy, Acute myocardial infarction, ST-elevation 

Myocardial infarction. 
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Introduction

Cardiovascular disease is the most common cause of 

death in most countries. It causes complications, 

significant disability, and loss of productivity, and 

imposes a considerable financial burden on healthcare 

systems (1, 2). Standard treatment for ST-elevation 

myocardial infarction (STEMI) is an immediate re-

establishment of the blood flow to closed vessels 

(reperfusion), which aims to prevent myocardial 

necrosis and save myocardial infarction (MI) in order 

to reduce the incidence of heart failure and eventually 

increase the patient's survival (3, 4). 

Reperfusion is performed with two methods of 

fibrinolysis and angioplasty. Fibrinolytic drugs are 

divided into two categories of fibrin‐specific and 

fibrin‐nonspecific thrombolytic agents (5, 6). Fibrin 

alteplase is given as a bolus dose of 15 mg and then a 

dose of 50 mg intravenously in the first 30 minutes, 

followed by 35 mg in the next 60 minutes, with a half-

life of ~5 minutes. As the half-life is very short, it is 

rapidly expelled from the body (7) and the rest of the 

tenecteplase is leaked from tissue plasminogen 

activator (tPA), which has a longer half-life (5, 8-10). 

The fewer complications and possibility of quick and 

easy administration have rendered fibrin alteplase as a 

preferred drug. It is given as a single dose of 

intravenous bolus based on patient weight (5, 8-10). 

Plasminogen activators restore the normal coronary flow 

in 50-60% of STEMI patients (11, 12). The successful use 

of fibrinolytic drugs increases the chance of survival for 

patients, which can remain for many years. However, an 

important variable in the success of these factors is the onset 

of the signs of the disease and the prescription of the 

medication. Moreover, these factors will have the greatest 
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impact when 30 minutes or less has passed from the onset 

of clinical symptoms until the injection (12). 

There is a relatively large body of evidence (13-27) 

on the effectiveness of thrombolytic drugs. Moreover, 

there are various studies suggesting that the 

effectiveness and cost-effectiveness of thrombolytic 

drugs are different, and may differ from country to 

country. Some countries do not allow the import of 

newer or even older drugs (28) because these drugs 

can exert different effects in terms of safety and 

effectiveness, and also have different costs. Since 

health expenditure is globally increasing following 

the development of technology, health systems cannot 

provide all services to all members of the community. 

Hence, the governments must decide which drugs to 

be validated or covered by insurance companies. 

Alteplase is on the lists of both Iranian medicines and 

insurance companies. However, tenecteplase, which 

has recently been added to this list, has not entered the 

country yet. Thus, it is not covered by the insurance 

companies. It seems that the financial burden is high 

due to the high incidence of MI in Iran. Studies on the 

safety and clinical effectiveness of tenecteplase and 

alteplase have reported different results. Accordingly, 

this meta-analysis attempted to determine whether 

thrombolysis with tenecteplase has better safety and 

clinical effectiveness outcomes than with alteplase in 

patients with STEMI. 
 

Materials and Methods 

Search Methods  

Clinical trials investigating the tenecteplase regime 

compared to alteplase (alone or in combination with 

other drugs) were investigated. In order to collect data, 

the databases of MEDLINE, Cochrane Library, and 

Web of Science were searched for relevant studies 

from February 1980 up to June 2017 by using different 

strategies. The search strategy was transparent and 

incorporated sensitivity by combining the keywords of 

myocardial infarction, heart infarction, STEMI, ST-

segment elevation myocardial infarction, AMI, 

thrombolysis, tPA, alteplase, Tenecteplase (sold under 

the trade names TNKase and Metalyse) is an enzyme 

used as a thrombolytic drug. Other medications and 

brand names were also included in the search and used 

for most studies (Free Text, MeSH). The search was 

limited to articles published in English, Persian, and 

Korean languages. After the electronic search, the list 

of resources was also searched manually by the 

researcher to collect any missed data. Subsequently, 

websites of Iranian and American cardiovascular 

associations and some other countries were reviewed. 

In addition, to find gray literature, congress and 

seminar articles were also searched. After completing 

the search and removing duplicate titles and abstracts, 

all the published articles were inputted in EndNote 

version 17. 

 

Inclusion and Exclusion Criteria  

The main criteria for selecting the papers were: a) 

being randomized clinical trials (RCTs) or controlled 

clinical trials (CCTs), b) studies comparing TNKase 

with alteplase alone or with other drugs in STEMI 

patients, and c) being written in English, Persian, or 

Korean languages. This review focused on the clinical 

outcomes, as described below. The primary outcomes 

consisted of mortality, reinfarction, cardiogenic shock, 

bleeding, stroke, and intracranial hemorrhage (ICH). 

The secondary outcomes included TIMI grade 3 flow, 

TIMI grade 2/3 flow, nonfatal cardiac events, ST-

segment resolution >50%, reischemia, heart failure, 

left ventricular function, allergies, anaphylaxis, and 

reperfusion. Articles that did not meet the above 

conditions were excluded. 

Quality Assessment  

Two reviewers independently assessed the 

methodological quality of the included studies using 

the Jadad scale for reporting RCTs and the standard 

method recommended by the Cochrane Institute. 

Also, the Cochrane EPOC Group's risk assessment 

checklist was employed to assess the risk of bias in 

the selected studies. 

Data Extraction 

 The data were extracted using the Cochrane Data 

Extraction Form (RCTs and non-randomized 

controlled studies (NRSs)). 

Statistical Methods: 

The statistical tests were performed in Review 

Manager version 5.3 and STATA version 11. Treatment 

effects were presented using the risk ratio (RR) with 

95% confidence intervals (CIs) and a fixed-effects 

model. The Mantel-Haenszel statistical method was 

adopted to analyze the data. Heterogeneity was assessed 

and reported quantitatively using the 2 test. Analysis of 

data included primary and secondary outcomes.  
 

Results 

Based on PICOD (population, intervention, 

comparison, outcome, design), as well as inclusion and 

exclusion criteria, a total of 8,004 articles were 

searched via a search strategy. Then, the studies were 

inputted in EndNote version 17 and, initially, 5,647 

duplicate records were removed from the search 

results. Finally, seven reports from five RCTs, 

including those by Van De Werf (1999) (6), Van De 

Werf (2001) (29), Sinnaeve (2003) (30), Binbrek 

(2004) (31),Liang (2007) (28), Cannon (1998) (32), and 

Jeong (2003) (33) met the inclusion criteria (Figure 1). 

All the reports were in English, except for one report 

that was in Korean (33). Overall, there were 18,265 

participants in the five RCTs (Table 1). 
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Figure 1. PRISMA flowchart 

 

Table 1. Characteristics of the reviewed studies 

Characteristics TNK-t-PA  vsrt-PA 

Study name 
Van De 

Werf 

Van De 

Werf 
Sinnaeve Binbrek Liang Cannon Jeong 

Year 1999 2001 2003 2004 2007 1998 2003 

No. of  patient 16,949 16,949 15,724 266 110 886 54 

Study design RCT 

Inclusion 

criteria 
STEMI 

TNK-t-PA dose 
30 mg if <60.0 kg, 35 mg if 60.0 - 69.9 kg, 40 mg if 70.0 - 79.9 kg, 45 mg if 80.0 - 

89.9 kg, and 50 mg if ≥90.0 kg 

TNK-tPA 30 

mg , 40 mg ,  

and 50 mg 

25-50 mg 

weight 

adjusted 

t-PA dose 
Alteplase was given as a 15-mg bolus followed by an infusion of 0.75 mg/kg (to a maximum of 50  mg) over 30 

minutes and an infusion of 0.5 mg/kg (to a maximum of 35 mg) over 60 minutes . 

Follow up 30 days 1 year 1 year 30 days 30 days 30 days 30 days 

Journal 
The 

LANCET 

European 

heart 

Journal 

American 

heart Journal 

The American 

Journal of 

cardiology 

Journal of 

Geriatric 

Cardiology 

American heart 

Journal 

Korean 

Circulation 

Journal 
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In all the studies, the dosage was based on standards 

of prescription and patient weights. Only in one study 

by Cannon (32), tenecteplase with three doses of 30, 

40, and 50 mg was prescribed. Also, Van De Werf 

(29) and Sinnaeve (30) performed one-year follow-

ups that could not be included in the meta-analysis. 

The quality assessment of the studies was 

performed using the Jadad checklist according to 

which three studies (Liang (2007) (28), Cannon 

(1998) (32), and Werf (1999) (6)), two studies (Werf 

(2001) (29) and Sinneve (2003) (30)), and two 

studies (Binbrek (2004) (31) and Jeong (2003) (33)) 

obtained scores of 5, 4, and 3, respectively. All 

clinical trials meeting the inclusion criteria were 

included and were generally of high and acceptable 

quality (Figures 2 and 3).

 

 

Figure 2. A summary of the risk of bias in the reviewed studies 
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Figure 3. Representation of the risk of bias in the reviewed studies 

Six studies (1- 6) reported mortality outcome, one 

of which (ASSENT-2) was published in two reports, 

one reporting mortality in the one-year follow-up 

and the other reporting 30-day mortalities. Four 

studies (6, 28, 31, 33) reported a 30-day mortality 

rate with a sample of 17,379 subjects meeting the 

meta-analysis criteria; this suggested that the studies 

were homogeneous with homogeneity of zero 

(P=0.58), and it was possible to combine the results. 

There were records of 535 (6.2%) and 529 (6.1%) 

deaths among 86,776 and 8703 cases who had 

received tenecteplase and alteplase, respectively, 

with a similar 30-day mortality (RR=1.01; 95% CI: 

0.89-1.13; P=0.82) (Figure 4). Furthermore, the 

results of the sensitivity analysis showed that the 

study by Werf (1999) (6) had the highest effect on 

the final results, and the value of RR did not change 

significantly by eliminating other studies.
 

 

Figure 4. Forest plot of comparing 30-day mortality by TNK-t-PA vs. t-PA 

 

Reinfarction 

Three studies (6, 31, 32) reported reinfarction in 

patients treated with two regimes. Two studies (6, 31) 

conducted on 17,215 participants were also included in 

the meta-analysis. The results revealed that 30-day 

reinfarction was similar in the two groups (RR=1.07; 

95% CI: 0.92-1.24; P=0.36), and there were no 

statistically significant differences (Figure 5). Cannon 

(1998) (32) presented evidence that reinfarction 

occurred in 5.4% of all the participants, with 5.2%, 

6.5%, and 2.6% for patients receiving 30, 40, and 50 

mg of tenecteplase, respectively, and 5.7% for those 

consuming alteplase. No significant difference was 

found in the incidence of reinfarction among patients 

treated with tenecteplase and alteplase.

 

 

Figure 5. Forest plot of comparing reinfarction by TNK-t-PA vs. t-PA 

 

Cardiogenic shock 

 There were three reports (6, 31, 32) on cardiogenic 

shock following treatment with both drugs, of which 

two studies (Binbrek (2004) (31) and Werf (1999) (6)) 

with a sample size of 17,215 were included in the meta-

analysis after a heterogeneity review. A total of 330 

(3.8%) and 340 (3.9%) cases of cardiogenic shock 

occurred in patients receiving tenecteplase and 

alteplase, respectively, with similar occurrence in the 

two groups (RR=0.97; 95% CI: 0.84-1.13, P=0.73) 

(Figure 6). Cannon (1998) (32) also reported 

differences of 2.6%, 3.2%, and 1.3% at doses of 30, 40, 

and 50 mg, respectively for tenecteplase recipients, and 
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4.1% for alteplase consumers, which did not show a 

statistically significant difference.

 

Figure 6. Forest plot of comparing cardiogenic shock by TNK-t-PA vs. t-PA 
 

Bleeding 

 Five studies (6, 28, 29, 31, 32) reported bleeding 

events, of which four trials reported bleeding events 

during a 30-day period, and one study observed bleeding 

in the second report (ASSENT-2), particularly in 

subgroups. Three studies of major bleeding outcomes 

with a sample size of 17,325 were included in the meta-

analysis. The measurement of heterogeneity between 

studies using theI2 test revealed that the studies were 

homogeneous (heterogeneity=14%), which was not 

considered relevant by the Cochrane guidebook 

(P=0.31), allowing the combination of results. The 

results of the meta-analysis (RR=0.92; 95% CI: 0.87-

0.96, P=0.0003) indicated that overall bleeding was not 

the same in the two groups receiving tenecteplase and 

alteplase, and the difference was in favor of the group 

receiving tenecteplase. In other words, patients 

receiving tenecteplase were better than those treated by 

alteplase for bleeding (Figure 7).  

For major bleeding events, the results indicated that 

major bleeding was not the same in the two groups 

receiving tenecteplase and alteplase, and the difference 

(RR=0.79; 95% CI: 0.69-0.99, P=0.0002) was to the 

benefit of the tenecteplase-treated group. In other 

words, patients receiving tenecteplase were in better 

conditions than those consuming alteplase in terms of 

major bleeding outcomes. Also, two studies by Liang 

(2007) (28) and Werf (1999) (6) with 170,59 

participants reporting minor bleeding events were 

included in the meta-analysis. According to the results 

(Figure 7), the outcome of minor bleeding was similar 

in the two groups receiving the two drugs (RR=0.95; 

95% CI: 0.87-1.00, P=0.06). 
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Figure 7. Forest plot of comparing major and minor bleeding by TNK-t-PA vs. t-PA 

Intracranial hemorrhage (ICH) 

Three studies (6, 28, 32) reported ICH, two of which  

(6, 28) with 17059 participants were included in the meta-

analysis. The studies were homogeneous (P=0.63) and 

could be combined based on the results of the 

heterogeneity measured by the I2 test (Figure 8). ICH was 

similar in both groups receiving tenecteplase and 

alteplase, and there was no statistically significant 

difference between the two groups (RR=1.00; 95% CI: 

0.74-1.36; P=0.99) (Figure 8). 
 

 

 

Figure 8. Forest plot of comparing ICH at 30 days by TNK-t-PA vs. t-PA 
 

Stroke 

From three reports (6, 28, 32) of stroke events, two 

(6, 28, 33) studies with a sample size of 17,059 were 

incorporated in the meta-analysis (Figure 9). The 

combined results of the studies demonstrated that the 

outcome of stroke was similar in the two groups 

receiving tenecteplase and alteplase, and there was no 

statistically significant difference between the two 

groups (RR=1.09; 95% CI: 0.87-1.36, P=0.47).

 

 

Figure 9. Forest plot of comparing stroke by TNK-t-PA vs. t-PA 
 

TIMI Grade Flow 

 Of three studies (28, 32, 33) on TIMI grade, two 

trials (28, 33) with TIMI grade 3 flow at 90 min and 

TIMI grade 2/3 flow at 90 min were incorporated in the 

meta-analysis. In total, the sample size of the two 

studies was 162, and the results of the meta-analysis 

(Figure 10) revealed that the TIMI grade 3 flow at 90 

min outcome was similar in both groups (RR=1.11; 

95% CI: 0.89-1.37; P=0.35).
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Figure 10. Forest plot of comparing TIMI grade 3 flow at 90 min by TNK-t-PA vs. t-PA 

However, the combined results of the TIMI grade 2/3 

flow at 90 min in the meta-analysis indicated that the 

outcome was not similar in the two groups, with a 

statistically significant difference. In other words, 

evidence of TIMI grade 2/3 flow at 90 min was in favor 

of alteplase; patients receiving alteplase experienced 

better conditions than tenecteplase-receiving patients 

(RR=1.19; 95% CI: 1.05-1.36; P=0.009) (Figure 11).
 

 

 

Figure 11. Forest plot of comparing TIMI grade 2/3 flow at 90 min by TNK-t-PA vs. t-PA 
 

Other Outcomes 

 Liang (2007) (28)also reported nonfatal cardiac 

events with rates of 10.3% and 11.54% for patients 

treated with tenecteplase and alteplase, respectively 

(P=1), which were slightly different but not 

statistically significant. In other words, the observed 

value was similar for both groups. One study (31) also 

investigated the rate of vascular presentation for the 

two drugs, indicating that the rate of vasodilatation 

was better in patients treated with tenecteplase than 

those treated with alteplase, a difference that was 

significant (P=0.04). 

Discussion 

Our meta-analysis showed that there were no 

significant differences between tenecteplase- and 

alteplase-treated patients in 30-day mortality, reinfarction, 

cardiogenic shock, ICH, stroke, or TIMI grade 3 flow at 

90 min. However, the TIMI grade 2/3 flow at 90 min was 

not similar in the two groups, demonstrating a statistically 

significant difference. Patients receiving alteplase 

experienced better conditions than those treated with 

tenecteplase (RR=1.19; 95% CI: 1.05-1.36; P=0.009), 

which could be due to the small sample size (n=162) for 

the meta-analysis. 

Based on the findings of this meta-analysis, the 

tenecteplase group had a significantly better overall 

bleeding rate than alteplase group (RR=0.92; 95% CI: 

0.87-0.96; P=0.0003). In other words, taking 

tenecteplase was associated with a lower rate of 

hemorrhage than alteplase. For major bleeding events, 

the results showed that major bleeding in the two groups 

receiving tenecteplase and alteplase was not the same, 

and the difference was  to the benefit of tenecteplase 

recipients (RR=0.79; 95% CI: 0.69-0.99; P=0.0002). In 

other words, the patients receiving tenecteplase were in 

better conditions than those receiving alteplase in terms 

of major bleeding. Also, two studies with 17,059 

participants reporting minor bleeding were included in 

the meta-analysis. The results showed that minor 

bleeding was similar in the two groups receiving the 

drugs, and there was no significant difference (RR=0.95; 

95% CI: 0.87-1.00; P=0.06). 

The results of our study differ from those of a 

systematic review by Marti et al. (34) on acute 

pulmonary embolism (34), which presented a lower 

risk of major bleeding in patients receiving alteplase 

(OR=1.07; 95% CI: 0.43-0.2.62; P<0.001) than those 

receiving tenecteplase (OR=5.02; 95% CI: 2.72-9.29; 

P<0.001). These differences are almost certainly due to 

the nature of the comparison and the inclusion of aging 

patients in the study groups using tenecteplase. 

Subgroup analysis in a study by Marti et al. (34) based 

on the thrombolytic agent suggested a lower risk of 

intracranial or fatal hemorrhage in studies using 

alteplase (OR=1.09; 95% CI: 0.27- 4.40; P=0.008) 

compared to tenecteplase (OR=7.32; 95% CI: 1.64 - 

32.63; P=0.008). Similarly, Mehta et al. (35) in a meta-

analysis reported that bolus treatment was associated 

with an increased risk of ICH compared with infusion. 

Jinatongthai (36) showed that there was no 

significant difference in mortality risk between 

alteplase and tenecteplase. For major bleeding, a 

tenecteplase-based regimen tended to be associated 

with a lower risk of bleeding than other regimens 

(RR=0·79 [95% CI: 0.63–1.00]). Thelengana et al. (37) 

reported that there was no significant difference 

between tenecteplase and alteplase in excellent 

functional outcome at 90 days, good functional 

outcome at 90 days, and intracerebral hemorrhage, 

symptomatic intracerebral hemorrhage, or mortality at 

90 days. This meta-analysis found that tenecteplase 

significantly favored one outcome (early major 

neurological improvement). Other outcomes 

(intracerebral hemorrhage and mortality at 90 days) did 

not differ between tenecteplase and alteplase groups. 
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Also, Kheiri (38) showed that tenecteplase-treated 

patients had no increased risk of intracerebral 

hemorrhage or mortality compared with alteplase-

treated patients. In summary, tenecteplase is not 

associated with significant differences in safety 

compared with alteplase, thus confirming our meta-

analysis results. One study (39) suggested that 

tenecteplase does not differ from alteplase in its 

efficacy and safety while managing acute ischemic 

stroke. This study showed that the use of tenecteplase 

is clinically justified and is similar to alteplase in 

efficacy and safety.  

However, the ease of use (only an intravenous bolus 

and with no maintenance infusion) could offer a benefit 

to tenecteplase over alteplase. In Iran, cardiovascular 

diseases are the most common causes of death, and the 

prevalence of AMI has increased in recent years (40). 

To restrain the rising trend of AMI, it is necessary to 

take preventive measures. In low-income countries 

such as Iran (with a high prevalence of AMI), the 

patient’s compliance to alteplase may markedly 

decrease because of its heavy cost and lower 

availability than tenecteplase. Thus, tenecteplase can 

be a good alternative to alteplase for the treatment of 

AMI in low-income countries. 

 

Conclusion 

In the present meta-analysis, tenecteplase had similar 

clinical effectiveness and safety to alteplase and was 

probably superior in one outcome, i.e., major bleeding. 

Other outcomes did not differ between the tenecteplase 

and alteplase groups. In comparison with alteplase, 

tenecteplase is recommended due to its easier use and 

better safety in reducing the risk of bleeding. 
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