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Background: In Malaysia, knowledge regarding the clinical efficacy of tenecteplase (TNK), a fibrin-specific 

tissue-plasminogen activator, is limited. 

Objectives: To evaluate the effectiveness and tolerability of TNK in patients with ST-segment-elevation 

myocardial infarction in a secondary referral Malaysian hospital. 

Methods: This was a single-center retrospective case series based on the medical records of patients with 

ST-segment-elevation myocardial infarction admitted to the cardiac care unit between January 2016 and 

May 2019. Data regarding the mortality status and date of death were collected from the database of the 

National Registration Department of Malaysia. 

Results: Data for 30 patients with ST-segment-elevation myocardial infarction, who received weight- 

adjusted doses of TNK, were analyzed. The patients’ mean (SD) age was 62 (14) years, and 77% were 

men. The median time to treatment was 265 minutes (interquartile range = 228–660 minutes), and the 

clinical success rate of thrombolysis was 79%. The overall all-cause in-hospital mortality rate was 33%. 

The 1-year survival rates were higher in patients achieving a time to treatment ≤360 minutes ( P = 0.03), 

with a trend toward greater survival in this group at 30 days. Similarly, a trend toward lower in-hospital 

all-cause mortality was observed in this group (21% vs 50%; P = 0.12). Only 1 patient (3%), who had a 

HAS-BLED score based on hypertension, abnormal liver/renal function, stroke history, bleeding history 

or predisposition, labile international normalized ratio, old age, drug/alcohol use of 5, developed major 

bleeding that required blood transfusion. No cases of ischemic stroke, nonmajor bleeding, in-hospital re- 

infarction, or TNK-induced allergic reaction were identified. 

Conclusions: We hypothesized that the mortality-related outcomes of TNK in patients with ST-segment- 

elevation myocardial infarction were influenced by TTT, with TTT ≤360 minutes indicating a better prog- 

nosis than TTT > 360 minutes. TNK-induced bleeding-related complications were minimal in low-risk pa- 

tients. Further local studies are needed to compare TNK’s profile with that of streptokinase, which is a 

common agent currently used in clinical practice in Malaysian public hospitals. (Curr Ther Res Clin Exp. 

2021; 82:XXX–XXX) 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Myocardial infarction has a high global mortality rate. Accord- 

ng to the Department of Statistics, Malaysia, ischemic heart dis- 

ase was the principal cause of death in Malaysia during 2018. Be- 

ween 2007 and 2017, the total number of cases of ischemic heart 
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isease increased by 54%. Since 20 0 0, several studies on coronary 

rtery diseases have been conducted in Malaysia. 1 

Primary percutaneous coronary intervention (PCI) remains 

he preferred reperfusion method in patients with ST-segment- 

levation myocardial infarction (STEMI) when performed promptly 

y skilled operators 2 ; however, this method is unfeasible in hospi- 

als without PCI facilities. Our hospital is a secondary referral hos- 

ital, wherein patients are treated using a noninvasive approach 

eg, thrombolysis); however, PCI facilities and experts are not avail- 

ble on site. If patients prefer PCI, they are referred to the nearest 

ertiary hospital, approximately 70 km away by road. Because of 

he limited access to hospitals and experts capable of performing 

CI, most patients undergo thrombolysis at the nearest hospital. 

Tenecteplase (TNK) is a genetically engineered, multiple-point 

utant of the recombinant tissue-type plasminogen activator (tPA). 

t has a longer plasma half-life, allowing for a single intravenous 

olus injection. Compared with standard tPA, it is 14-fold more 

brin-specific and 80-fold more resistant to inhibition by plas- 

inogen activator inhibitor type 1. Thus, compared with tPA, TNK 

as a similar efficacy, modestly low bleeding risk, and is easily ad- 

inistered. 3 

Reperfusion with fibrinolytic agents reduces morbidity and 

ortality associated with myocardial infarction. Yew, in a work 

onducted in 2015 in Malaysia, suggested that TNK should be 

dopted as the thrombolytic agent of choice in hospitals or within 

he local STEMI network. 4 In addition, TNK may have another ad- 

antage of reducing door-to-needle time compared with streptok- 

nase, 5 which could be attributed to less preparation time. In our 

ospital, TNK has been prescribed to patients with STEMI by med- 

cal specialists; however, TNK is almost 3 times more expensive 

han streptokinase (ie, approximately RM 3,400 [$820] versus RM 

,0 0 0 [$240] per vial, during 2019). Therefore, TNK use is diffi- 

ult to justify in a publicly funded hospital. Thus, concerns were 

aised regarding the procurement flow of more TNK, especially in 

he public expenditure planning because medicines are provided 

ree of charge to patients in need. 

Given the scarcity of published evidence in the local population, 

here was an urgent need for a clinical study to verify the effec- 

iveness and tolerability of TNK in patients with STEMI in Malaysia. 

herefore, this study aimed to evaluate the effectiveness and toler- 

bility of TNK in patients presenting with STEMI in our secondary 

eferral hospital. 

aterials and Methods 

atients 

This study was a retrospective case series, with data collected 

rom medical records of patients who were admitted to the car- 

iac care unit (CCU) of our hospital between January 2016 and May 

019. Patients were recruited based on the pharmacy tenecteplase 

ecord book at the CCU. No sample size calculations were per- 

ormed; rather, we included all patients with STEMI admitted to 

he CCU. Data regarding the mortality status and date of death 

ere obtained from the database of the National Registration De- 

artment of Malaysia. 

The inclusion criteria were as follows: aged ≥18 years, diagno- 

is of STEMI, treatment with weight-adjusted doses of TNK, and 

dmission to the CCU. In contrast, the exclusion criteria were as 

ollows: pregnancy, diagnosis of pulmonary embolism, and incom- 

lete medical information. 

In accordance with the 1975 Declaration of Helsinki, the study 

as ethically approved by the Medical Research and Ethics Com- 

ittee, Ministry of Health Malaysia (ethical approval No. NMRR-19- 

896-47670). The need for informed consent was waived because 
2 
f the retrospective nature of the study. All patients’ names and 

ther identifiers were excluded from data analyses. 

ariables 

The clinical data collected from medical records included the 

ollowing: demographic characteristics (age, sex, and ethnicity); 

moking status; medical history; body weight; dose and indication 

or TNK; time to treatment (TTT) and door-to-needle time (DNT); 

ystolic blood pressure and heart rate at presentation; thromboly- 

is in myocardial infarction risk score; HAS-BLED score (based on 

ypertension, abnormal liver/renal function, stroke history, bleed- 

ng history or predisposition, labile international normalized ratio, 

ld age, and drug/alcohol use); the presence of nonfatal in-hospital 

einfarction; in-hospital death from all causes; clinically success- 

ul thrombolysis (CST); presence of major and nonmajor bleeding; 

eed for blood transfusion; and presence of other adverse reac- 

ions. The TTT was defined as the duration between the onset of 

eported symptoms and the time of thrombolytic agent administra- 

ion, as recorded in the patients’ medical files. CST was defined as 

ignificant relief from chest pain and 50% resolution of ST-segment 

levation within 90 minutes on electrocardiography. 

tatistical analysis 

All data analyses were performed using the SPSS version 19 

IBM-SPSS Inc, Armonk, NY) statistical package. Data are presented 

s percentages for categorical variables and as means and SD, or 

edians and interquartile ranges for continuous variables. Inter- 

roup differences in categorical and continuous variables were as- 

essed using the 2-sided (unless specified) χ2 or Fisher exact test 

s appropriate; normally and nonnormally distributed data were 

ssessed using independent samples t test and the Mann–Whitney 

 test, respectively. Alpha or P values < 0.05 were considered sta- 

istically significant. Both Kaplan–Meier analysis and the log-rank 

est were used for the analysis of time-to-event data. 

esults 

atient characteristics 

Appendix 1 (in the online version) presents the total number of 

atients with STEMI admitted from 2016 to 2019. In total, 35 pa- 

ients received TNK during the study period. Five patients were ex- 

luded from the study because of pulmonary embolism; therefore, 

he data of 30 patients with STEMI who received weight-adjusted 

oses of TNK injections in the CCU were analyzed. Table 1 sum- 

arizes the baseline demographic characteristics, medical history, 

nd the patients’ characteristics at presentation. A comparison of 

he baseline characteristics between the 2 study groups (TTT ≤360 

inutes and TTT > 360 minutes) is presented in Table 2 . 

ortality 

We observed that the overall all-cause in-hospital mortality rate 

as 33%; however, patients with TTT ≤360 minutes had lower 

ll-cause in-hospital and 30-day mortality rates than those with 

TT > 360 minutes (in-hospital mortality: odds ratio [OR] = 0.27; 

5% CI, 0.05–1.40; 30-day mortality: OR = 0.36; 95% CI, 0.07–

.78); however, these differences were not statistically significant. 

igures 1 and 2 show the Kaplan–Meier survival curves at 30 days 

nd 1 year. According to the log-rank test, the 1-year survival rate 

aried significantly between the 2 groups: the 1-year survival rate 

as significantly higher in patients with TTT ≤360 minutes than 

n those with TTT > 360 minutes ( P = 0.03); the proportions of sur- 

ived patients at 1 year were 73% and 25%, respectively. Nonethe- 

ess, patients with DNT ≤180 minutes were compared with those 
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Figure 1. Kaplan–Meier survival curves for 30-day all-cause mortality. The curve for the group with time to treatment (TTT) ≤360 minutes is represented by the blue line. 

The curve for the group with TTT > 360 minutes is represented by the green line. 

w

s

d

T

p

a

c

i

i

o

o

A

b

f

2

h

a

D

p

h

c

t

v

s

h

t

w

s

u

h

h

t

d

t

fi

t

t

t

p

(

(

s

v

r

T

t

ith DNT > 180 minutes (See Appendix 2 and 3 in the online ver- 

ion); the log-rank test revealed P values of 0.55 and 0.29 for 30- 

ays and 1-year survival rates, respectively, between the 2 groups. 

hrombolysis success 

The overall CST rate was 79%, whereas the specific CST rates in 

atients with TTT ≤360 minutes and TTT > 360 minutes were 90% 

nd 60%, respectively (OR = 5.67; 95% CI, 0.82–39.27). The unsuc- 

essful thrombolysis (UT) category comprised 6 cases. The all-cause 

n-hospital mortality rate was 100% in patients with UT; however, 

t was 13% in patients with CST ( P < 0.001). Follow-up examination 

f the 30-day mortality showed that patients with CST had better 

utcomes than those with UT ( P < 0.001). 

dverse events 

There was only 1 case (3%) of major bleeding that required 

lood transfusion with HAS-BLED score of 5. The HAS-BLED scores 

or other patients were < 5 (ie, ≤4; score that occurs most often is 

 [11 times]). No events of ischemic stroke, nonmajor bleeding, in- 

ospital reinfarction, and allergic reaction were reported; however, 

rrhythmias after thrombolysis were reported in 2 patients (7%). 

iscussion 

This study evaluated the effectiveness and tolerability of TNK in 

atients presenting with STEMI in clinical practice at a secondary 
3 
ospital in Malaysia. We observed that the mortality-related out- 

omes of TNK in patients with STEMI were influenced by early 

reatment, and treatment within 6 hours of symptom onset pro- 

ided a better prognosis. DNT < 3 hours provided a better progno- 

is according to the graph (see Appendix 3 in the online version); 

owever, this difference was not statistically significant. In addi- 

ion, bleeding-related complications caused by TNK were minimal 

hen administered in low-risk patients. 

Nonetheless, a patient’s survival is highly dependent on the 

uccess or failure of thrombolysis. The thrombolytic treatment fail- 

re was associated with high mortality. Our sample included a 

igh proportion of patients with a history of myocardial infarction, 

ypertension, and diabetes mellitus. 

Generally, in public hospitals in Malaysia, TNK is only adminis- 

ered after obtaining permission from a medical specialist or car- 

iologist. It is mainly administered as a second-line treatment af- 

er patients have received streptokinase as the default lytic or 

rst-line treatment or in cases of allergy to streptokinase (strep- 

okinase or TNK is administered for each incident; once adminis- 

ered, it is unlikely that the same drug would be repeated). 6 In 

his study, the mean age of the patients was similar to that re- 

orted in the 10th Report of the National Cardiovascular Database 

NCVD) in 2015 (age = 57.6 years) 7 and the Indian Registry for TNK 

age = 55.4 years). 8 Male individuals and the Malay race repre- 

ented the majority of the study population. Similarly, male indi- 

iduals and Malay patients comprised approximately 79% and 56%, 

espectively, of the STEMI population in the 2015 NCVD report. 

herefore, our sample was not different from the general popula- 

ion of STEMI patients. 
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Figure 2. Kaplan–Meier survival curves for 1-year all-cause mortality. The curve for the group with time to treatment (TTT) ≤360 minutes is represented by the blue line. 

The curve for the group with TTT > 360 minutes is represented by the green line. 
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Among our main findings was that the all-cause in-hospital 

ortality rate was surprisingly high at 33%. However, the overall 

ortality rates in patients with STEMI in the hospital were 5%, 3%, 

%, and 3% in 2016, 2017, 2018, and 2019, respectively. 

According to the Indian Registry, a surprisingly low in-hospital 

ortality rate among 15,222 patients in India was reported (ie, 

.69%), 8 whereas the corresponding rate was 10% in the 2015 NCVD 

eport. Therefore, the in-hospital mortality rate of 33%, which was 

bserved in our study, was comparatively higher than those re- 

orted in the 2015 NCVD report and in the Indian registry. The 

nitial research in ASSENT-2, Assessment of the Safety and Efficacy 

f a New Thrombolytic reported a 30-day mortality rate of approxi- 

ately 6% when TNK was administered within 6 hours of symptom 

nset. 9 The high mortality rate could have been accidental consid- 

ring the small number of patients who were administered TNK. 

nother possible explanation for this high mortality rate could be 

he high percentage of patients with a history of myocardial infarc- 

ion (adjusted in-hospital mortality: OR = 1.27; 95% CI, 1.05–1.53), 

iabetes mellitus (adjusted 30-days mortality OR = 1.40; 95% CI, 

.24–1.57), and antecedent hypertension (adjusted in-hospital mor- 

ality: hazard ratio = 1.33; 95% CI, 1.02–1.74) in our sample. 10–13 

otably, issues, such as delays in initiating treatment in patients, 

specially those administered even 6 hours after symptoms on- 

et, resulted in higher mortality. The delays might have been at- 

ributed to patients’ slow treatment-seeking responses, multiple 

atients requiring simultaneous treatment, and limited manpower 

n the emergency department at the hospital. DNT was approx- 

mately 3 hours on average. Patients with acute STEMI in high- 

ncome countries, cardiac centers, or tertiary hospitals may have 
4 
etter access to specialized expertise and equipment: care from 

ardiac specialists and other well-trained personnel, personalized 

reatment, and monitoring machines. Conversely, our secondary 

ospital faced constraints concerning the number of health care 

roviders and services available to STEMI patients. Additional ad- 

inistrative work to control the medicine cost delayed the pre- 

cription process of TNK (this process included obtaining a spe- 

ialist approval despite the high workload and long waiting time 

n the emergency department, interdepartment medicine delivery, 

nd documentation of TNK use). 

In addition, the subgroup analysis showed that if TNK was ad- 

inistered within 6 hours from symptom onset, the all-cause in- 

ospital mortality rate would be much lower than that when ad- 

inistered 6 hours after symptom onset (21% vs 50%); however, no 

tatistical significance was observed, probably because of our small 

ample size. Thus, a shorter TTT may yield better mortality out- 

omes. Moreover, according to the Kaplan–Meier survival curves, 

he long-term survival (30-day and 1-year mortality rates) of the 

opulation that received TNK within 6 hours tended to be better 

han that of patients who received TNK after 6 hours. These re- 

ults support the rule of time is muscle that urges practitioners to 

erform interventions in a timely manner. 14–16 

The effectiveness of TNK was considered optimal when ad- 

inistered within 6 hours, with a high CST of approximately 

0%; the result is comparable with that of an Indian population 

CST = 95%). 8 Notably, in patients with failed thrombolysis, there 

as substantial evidence of higher mortality. Consistently, failure 

f thrombolytic treatment was previously associated with a higher 

ortality rate. 17 It is unclear whether patients with failed throm- 
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Table 1 

Overall study population’s baseline demographic characteristics, medical history, 

and presentation characteristics (n = 30) 

Characteristic Tenecteplase (n = 30) 

Demographic 

Age ∗ , y 62 (14) 

Ethnicity † 

Malay 21 (70) 

Indian 7 (23) 

Chinese 2 (7) 

Men † 23 (77) 

Bodyweight ∗ , kg 70 (15) 

Medical history † 

Smoking † 16 (53) 

Diabetes mellitus † 13 (43) 

Hypertension † 14 (47) 

Previous MI † 13 (43) 

Previous CABG None 

Presentation characteristic ‡ 

HR, beats/min 81 (63-103) 

SBP, mm Hg 140 (106-171) 

Time (symptoms onset) to treatment, min 265 (228-660) 

Door-to-needle time, min 180 (83-251) 

TIMI risk score † 

Low (0–4) 11 (37) 

Intermediate (5–9) 17 (57) 

High (10–14) 2 (7) 

HAS-BLED score † , 

Low (0–1) 10 (33) 

Intermediate (2) 11 (37) 

High (3–5) 9 (30) 

Very high ( > 5) None 

CABG = coronary artery bypass graft; HAS-BLED = score for major bleeding 

risk; HR = heart rate; MI = myocardial infarction; SBP = systolic blood pressure; 

TIMI = thrombolysis in myocardial infarction. 
∗ Values are presented as mean (SD). 
† Values are presented as n (%). 
‡ Values are presented as median (interquartile range). 

Table 2 

Baseline characteristics of study groups based on time to treatment. 

Characteristic ≤360 min > 360 min P value 

No. of patients 19 10 

Female, % 16 40 0.15 

Age, y ∗ 63 (53-71) 61 (57-77) 0.95 

DM, % 37 60 0.23 

Hypertension, % 42 50 0.68 

Previous MI, % 47 40 0.71 

Previous CABG None None None 

Systolic BP, mm Hg ∗ 142 (117-175) 131 (98-170) 0.54 

HR, beats/min ∗ 81 (58-96) 87 (64-106) 0.43 

Reinfarction, % None None None 

Arrhythmia, % 5 10 1.00 

Door-to-needle time, min ∗ 120 (75-205) 405 (191-765) 0.02 

BP = blood pressure; CABG = coronary artery bypass graft; DM = diabetes mellitus; 

HR = heart rate; MI = myocardial infarction. 
∗ Values are presented as median (interquartile range). 
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olysis underwent rescue PCI because there was no established 

ardiology network in the center. None of the patients with CST 

nderwent elective PCI. Patients with CST and failed thrombolysis 

ere referred to the cardiology department for early appointments 

 to 6 months after discharge from the CCU. Both time to treat- 

ent delay and inadequate care after thrombolysis may have con- 

ributed to the higher mortality rate in our study population. 

In our study, electrocardiogram records and patients’ symptoms 

ere used to assess thrombolysis success instead of performing 

oronary angiography, which was probably attributed to the limita- 

ion of onsite clinical treatment. This is because the number of car- 

iologists performing coronary angiography in Malaysia (only 338 

pecialists are registered for a population of 32 million in 2021, 

ess than one-third of whom are practicing in government publicly 
5 
unded hospitals) 18 is insufficient compared with those in many 

eveloped countries. 

The only patient who experienced major bleeding had a HAS- 

LED score of 5 (high risk of bleeding). Thus, screening for bleed- 

ng risk is essential before TNK bolus injection. Notably, no episode 

f minor bleeding was reported in our sample. In our study, 2 

7%) patients had arrhythmias after thrombolysis. This was rela- 

ively lower than the corresponding proportion (10%) reported in 

he Global Utilization of Streptokinase and Tissue Plasminogen Ac- 

ivator for Occluded Coronary Arteries trial; however, it posed a 

ignificant risk for survival in the long term (ie, at 1 year). 19 Physi- 

ians should promptly recognize this occurrence and administer 

ppropriate treatment, such as a beta-blocker, after establishing a 

iagnosis. 

This study had several limitations. First, the sample size in this 

tudy was relatively small, despite the recruitment period of 3 

ears and 5 months. This raises serious concerns regarding the va- 

idity of our results. Second, the data were collected retrospectively 

rom the medical records using invalidated methods. In addition, 

either inter- nor intrarater reliability of the data was tested, and 

his could have predisposed the study to selection bias or pro- 

uced unreliable data. Third, the New York Heart Association Func- 

ional Classification, the systolic function of the left ventricle, and 

he performed adjuvant treatments, such as administration of an- 

ithrombotic agents, might have influenced the clinical outcomes 

ecause these were not recorded and, thus, limited the analyses of 

ur study. 

Based on our findings, we suggest the inclusion of the STEMI 

athway in the emergency department protocols for prompt elec- 

rocardiography in triage or patients with chest pain to enable ac- 

urate diagnosis, immediate activation of the specialist required to 

uthorize TNK, and removal of barriers to TNK access for patients 

ith prior MI treated with streptokinase. Therefore, patients can 

e randomized and achieve a TTT < 360 minutes. 

onclusions 

We hypothesized that the outcomes of TNK treatment in pa- 

ients with STEMI were negatively influenced by prolonged TTT be- 

ause patients with TTT ≤360 minutes had better outcomes than 

hose with TTT > 360 minutes. TNK-induced bleeding-related com- 

lications were minimal in patients with low HAS-BLED scores. 

dditional prospective, controlled, double-blind studies would be 

eeded to compare the efficacy and safety profiles of TNK and 

treptokinase in similar Malaysian patients. However, the high 

ortality rate observed in TNK-treated patients compared with SK- 

reated patients raised serious ethical concerns regarding the jus- 

ification of such a study, unless only patients in whom early ad- 

inistration is allowed are included. 
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