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ABSTRACT 
 

In the United States, coronary artery disease is the most frequently occurring cause of mortality. A 
century ago, the obstruction of CA was recognized as the root cause of myocardial infarction. 
Through research, streptokinase was discovered as a beneficial treatment for acute myocardial 
infarction, lowering mortality. More recent agents, such as tissue plasminogen activators like 
Tenecteplase, reteplase, and alteplase have also been developed. Today, primary percutaneous 
coronary intervention and thrombolytic therapy have transformed the way acute myocardial 
infarction is treated, leading to a significant decrease in cardiovascular-related deaths. This paper 
offers an outline of the different antifibrinolytic agents used to manage acute myocardial infarction. 
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1. INTRODUCTION 
 
Acute myocardial infarction is a serious condition 
that affects 1.1 million Americans annually, with 
460,000 of these cases resulting in death [1]. 
Many of these deaths occur within an hour of 
symptom onset and before the patient can reach 
a hospital [2]. In 1912, a doctor named Herrick 
identified the obstruction of the proximal segment 
left anterior descending artery as the cause of 
AMI during an autopsy examination [3]. In 1958, 
thrombolytic therapy, using drugs to break up 
blood clots, was first used to treat AMI [4]. Since 
then, various thrombolytic drugs such as TPA 
and streptokinase have been developed, 
including tenecteplase, reteplase, and alteplase 
[5]. Today, thrombolytic therapy and primary 
percutaneous coronary intervention are widely 
used to treat AMI and have led to a major decline 
in heart disease-related mortality [6]. The goal of 
these treatments is to quickly and fully restore 
the flow of blood in the “infarct-related coronary 
artery”. A systematic search was conducted 
using search string (Plasminogen Activator or 
Tissue or Tissue Activator D-44 or Tissue 
Activator D 44 or Tisokinase or Tissue-Type 
Plasminogen Activator) and (Streptase or 
Streptodecase) and (Infarction or Myocardial 
Infarctions or Myocardial or Stroke or 
Cardiovascular Stroke or heart attack) and 
retrieved articles from 2010-2022 Those articles 
which were according to our topic were selected.  
They were evaluated, and data was taken from 
them.  
 
Thus, the aim of this review article is to explore 
the most popular and commonly used 
thrombolytics and see what role they play in 
preventing the risk and events of myocardial 
infarction at all levels. This article also focuses 
on reviewing these thrombolytic drugs in such a 
manner that all their side effects, drug 
interactions, and everything else is kept into 
perspective for physicians to be aware of when 
prescribing either of these drugs.  
 

2. THE EVOLUTION OF THROMBOLYTIC 
THERAPY: A HISTORICAL 
PERSPECTIVE 

 
Thrombolytic therapy, a treatment for dissolving 
blood clots, has a rich history that began in 
“1933” when “Dr. William Tillett” discovered 
streptokinase (SK) [7]. Through his observation 
that “streptococci agglutinated plasma but not 
serum”, he deduced that fibrinogen, a component 
of plasma, was responsible for the agglutination 

[8]. This led to the understanding that any 
plasma containing streptococci would not clot 
and laid the foundation for thrombolysis in 
various medical settings [9]. In 1945, the term 
"streptokinase" was coined by MacLeod and 
Christensen. Initially, SK was used to treat 
patients with tuberculous meningitis and 
hemorrhagic pleural effusions [10]. 
 
In the case of acute myocardial infarction, SK 
produced by different types of streptococci can 
bind to and activate human plasminogen, 
resulting in fibrinolysis. While several small 
studies had previously demonstrated the benefits 
of SK in decreasing thirty-day or annual deaths, 
the GISSI (“Grupo de Analisis de la Cardiopat 
ıa´Isquemica Aguda-1”) and ISIS (“International 
Study of Infarct Survival-2”) research analyzed 
the effectiveness of “intravenous” SK in 
managing AMI patients [11]. The GISSI trial 
found an 18% reduction in overall hospital 
mortality in patients treated with SK compared to 
the control group. The study found that the extent 
of the benefit of the treatment with Streptokinase 
(SK) was related to the time between the onset 
of chest pain and the infusion of SK. The study 
found that the relative risk was 0.74, 0.80, 0.87, 
and 1.19 in the 0-3 hours, 3-6 hours, 6-9 hours, 
and 9-12 hours subgroups respectively [11]. 
Similar results were found in the ISIS-2 trial, 
where patients with acute myocardial infarction 
who received aspirin and SK had a significant 
reduction in reinfarction, death, and stroke 
compared to those who received no treatment 
[12]. The study found that the early survival 
benefits of the combination treatment of aspirin 
and Streptokinase (SK) for acute myocardial 
infarction persisted for up to ten years during the 
duration of follow-up [12]. 
  

3. THE COMPARISON BETWEEN 
STREPTOKINASE AND TISSUE 
PLASMINOGEN ACTIVATOR 

 
To allow for bolus administering, increased 
longevity, specificity for fibrin, and immunity to 
inhibitors like plasminogen activator inhibitor-1, 
new thrombolytic agents have been developed. 
Table 1 includes the newer agents and their 
attributes. After the groundbreaking utilization of 
SK in treating AMI patients and the arrival of 
novel drugs, the focus turned to determining 
which anti-thrombosis drug was the best. Three 
clinical researches ISIS-3, GISSI-2, and GUSTO 
evaluated the application of IV SK and TPA in 
managing AMI [13]. The 12,490 patient GISSI-2 
trial found that TPA and SK were equally found to 
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be effective and safe in the management of AMI 
and the researchers were not able to find major 
variations between these two drugs in 
decreasing severe left ventricular damage and 
mortality (SK 22.5% vs TPA 23.1%; RR 1.04). 
Although patients who received SK and heparin 
treatment had a notably higher major bleed rate 
with TPA 0.5% vs. SK 1.0% and a confidence 
interval of 95%, the general risk of stroke was the 
same across all groups who received treatment 
[13]. The ISIS-3 trial was a study that looked at 
the effects of three different treatments SK, TP, 
and APSAC on 41,299 suspected AMI patients. 
The study found that there was no significant 
difference in two important outcomes, mortality, 
and reinfarction, at 35 days after treatment. 
Specifically, the study found that 10.6% of 
patients who received SK died, while 10.5% of 
patients who received APSAC died. For 
reinfarction, 3.47% of patients who received SK 
had a recurrence, while 3.55% of patients who 
received APSAC had a recurrence [13]. 
 
Right after the drug was administered, APSAC 
was found to have a slightly higher rate of 
strokes with cerebral hemorrhage accounting for 
the majority of these strokes with 0.55% APSAC 
and 0.24% SK [14]. The GUSTO study compared 
the usual treatment regimen of TPA 
(administered over 3 hours) with an accelerated 
regimen of TPA (administered within 90 minutes, 
with two-thirds of the dose given within the first 
30 minutes) [14]. The results showed that the 
accelerated regimen of TPA resulted in a 
significant decrease in death and debilitating 
strokes among AMI patients. At 30 days after 
treatment, the group that received the 
accelerated TPA regimen had a 14% lower 
mortality rate compared to the group that 
received SK. However, there was found to be a 
little bit increase in the number of hemorrhagic 
strokes (bleeding in the brain) in the group that 
received the accelerated TPA regimen compared 
to the SK group. Despite this increase, the 
overall outcome of death or debilitating stroke 
was still reduced in the accelerated TPA group 
[15]. 
 

4. OTHER THROMBOLYTIC AGENTS 
 

4.1 The Use of Alteplase (rTPA) 
 
Alteplase, also known as recombinant TPA 
(rTPA), is a “serine protease” found on 
“endothelial cells” that are produced using 
biotechnology. It converts plasminogen to 
plasmin [16]. Studies have shown that a 90-

minute accelerated infusion of alteplase is more 
effective than a double dose treatment, as it has 
a slightly lower rate of intracranial bleeding 
(1.12% vs. 0.81%) [16]. The TIMI trial also 
demonstrated that the use of rTPA in AMI 
patients resulted in twice as many reperfused 
infarct-related arteries in the first 90 minutes of 
treatment compared to SK [17]. 
 

4.2 Reteplase 
 
With a longer half-life of 13–16 minutes, 
reteplase is a “recombinant nonglycosylated” 
form of “human TPA” made in “Escherichia coli”. 
Reteplase has the ability to enter thrombi and 
bind fibrin. It has been shown that reteplase does 
not significantly reduce 30-day mortality among 
patients with AMI when compared to an 
accelerated alteplase infusion regimen [18]. 
 
According to studies [19,20], using reteplase in 
conjunction with abciximab did not result in a 
statistically significant improvement in patients' 
30-day survival rates.   However, in the RAPID 
experiment, a double dosage of reteplase (“10 + 
10 MU”) was utilized, and it resulted in a full, fast, 
and persistent thrombolysis of IRA at 
ninety minutes and 5-14 days when compared to 
alteplase's results. Additionally, as a 
consequence of this, both localized and global 
left ventricular function improved before the 
patient was discharged. At the time of hospital 
discharge, the global ejection fraction and 
regional wall motion in the reteplase group were 
superior to those in the TPA group (“53 1.3% vs. 
49 1.3%, P = 0.034”) [21]. In addition, the RAPID 
II RCT verified that reteplase is superior to 
accelerated alteplase because it results in 
increased rates of prompt reperfusion in IRA 
patients and requires fewer ‘”acute coronary 
interventions” [22]. However, in the INJECT study 
(“International Joint Efficacy Comparison of 
Thrombolytics”), the enhanced IRA patency rates 
that were seen in the RAPID trials did not 
transfer into superior clinical results. The study 
found no statistically significant difference 
between the effectiveness of reteplase and that 
of SK in lowering mortality after 35 days [23,1]. 
 

4.3 Tenecteplase 
 
It is a glycoprotein that contains 527 amino acids 
and is produced by making modifications to the 
"complementary DNA" for natural human TPA. It 
accomplishes this by first attaching to fibrin, then 
“converting thrombus-bound plasminogen” into 
plasmin in a selective manner, which ultimately 
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breaks down the fibrin matrix of the thrombus. 
Compared to native TPA, TNK has a greater 
fibrin specificity and increase resistance to 
inactivation by its endogenous inhibitor (PAI-1) 
[24]. In the TIMI 10A trial, A solo bolus of TNK 
was shown to be fibrin definite and was 
connected to greater IRA “patency rates” in the 
TIMI 10A experiment (“64% TIMI 3 flow with a 50 
mg bolus dose”) produced comparable rates of 
TIMI grade 3 flow at 90 minutes in the TIMI 10B 
trial [25]. Consequently, the “ASSENT 1 trial” 
(“Assessment of the Safety and Efficacy of a 
New Treatment”) revealed that TNK's “safety 
profile” was similar to that of alteplase [25]. The 
ASSENT-2 trial compared the safety and 
effectiveness of two treatments for heart attacks: 
"single-bolus TNK" and alteplase. The results 
showed that both treatments had similar mortality 
rates, with 6.18% of patients who received TNK 
dying, and 6.15% of patients who received 
alteplase dying. Rates of intracranial hemorrhage 
(ICH) were exactly equivalent between alteplase 
and TNK (0.93 and 0.94%, respectively), TNK 
was associated with a lower incidence of non-
brain bleeding complications and a lower 
likelihood of blood transfusion compared to the 
other treatment. The results were statistically 
significant, with a p-value of 0.0003 and 0.0002 
respectively. At 30 days, the death rate or 
nonfatal stroke was directly analogous between 
TNK and alteplase (7.11 percent vs. 7.04 
percent, relative risk = 1.01 [95% confidence 
interval = 0.91 to 1.14]) [26]. In addition, the 
ASSENT 3 trial showed that the inclusion of 
enoxaparin or abciximab in TNK decreased 
ischemic difficulties. The groups treated with 
enoxaparin and abciximab had a lower rate of 
“in-hospital reinfarction”, combined 30-day 
mortality, and recurrent reinfarction compared to 
the group treated with unfractionated heparin 
[27]. Despite the disparities noted between 
thrombolysis-causing drugs in different studies, a 
later meta-analysis found no statistically 
significant distinctions between the different 
thrombolytic agents in terms of mortality 
reduction [28]. 
 

4.4 Saruplase 
 
Saruplase, also known as prourokinase or 
scuPA, is a naturally found “glycoprotein” that is 
transformed by “plasmin” into “urokinase” and 
has the ability to activate “plasminogen” [29]. It is 
produced through “recombinant technology” in E. 
coli. Studies, such as the PRIMI and COMPASS 
trials, have been conducted to compare the 
effectiveness of saruplase with other treatment 

options like SK. Results from the PRIMI research 
showed that while the death ratio was similar 
between streptokinase and saruplase, SK had a 
slight advantage in reducing reinfarction rates. 
Similarly, the COMPASS trial found that the “30-
day mortality rates” were found to be similar 
between streptokinase and saruplase, but 
saruplase had a higher occurrence of 
hemorrhagic strokes [29]. Another study 
compared saruplase to alteplase and found that 
both had similar effectiveness in terms of 
complication rates, reocclusion rates, and early 
“coronary artery patency rates” [30]. However, 
saruplase has been limited in its use due to 
increased rates of reinfarction and hemorrhagic 
strokes. 
 

4.5 Staphylokinase 
 
Staphylokinase is a protein composed of 136 
amino acids that are produced by specific 
“Staphylococcus aureus strains” and has a novel 
method of “fibrin selectivity” [31]. It has been 
shown that recombinant staphylokinase (STAR) 
has favorable impacts on AMI patients. The 
purpose of the randomized trial was to compare 
the effectiveness of the thrombolytic medications, 
safeness, and fibrin selectivity of STAR to that of 
“accelerated alteplase” [32]. Sixty-two percent of 
STAR subjects and fifty-eight percent of rTPA 
patients achieved TIMI flow grade 3 at 90 
minutes (RR 1.1, 95 percent confidence interval 
0.76 to 1.5). 
 
Complications such as electric, hemorrhagic, 
mechanical, or allergic reactions were not found 
to be related to STAR therapy. However, some 
patients who received STAR therapy developed 
an immune response that neutralized the 
therapy's effects, beginning two weeks after 
treatment [32]. A different treatment, “regulated 
staphylokinase”, was studied in the “CAPTORS II 
trial” [33]. The results showed that “PEG-Sak” at 
doses ranging from “0.01875-0.0375 mg/kg” lead 
to TIMI 3 flow rates of thirty-three percent, while 
the highest dose of PEG-Sak studied resulted in 
a TIMI 3 flow rate of 41%. The results of PEG-
Sak were found to be comparable to those of 
another treatment, rTPA, which also had a TIMI 3 
flow rate of 41% [1]. 
 

4.6 Lanoteplase 
 

Lanoteplase, also known as nPA, is a variation of 
TPA that has a stronger ability to break down 
blood clots and is eliminated from the 
bloodstream more slowly [34]. A study called 
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“Intravenous NPA for the Treatment of Infarcting 
Myocardium Early” showed that administering 
nPA lead to similar effectiveness as “alteplase” in 
order reducing sixth-month mortality rates (8.8% 
for alteplase vs. 8.7% for nPA) [34]. However, 
nPA was found to have a higher risk of causing 
hemorrhagic strokes (0.64% for alteplase vs. 
1.12% for nPA, P=0.004). 
 

5.  CHALLENGES AND RESTRICTIONS 
OF THROMBOLYTIC THERAPY 

 

5.1 Thrombolysis Contraindications 
 

Fibrinolytic therapy, also known as thrombolysis, 
is a treatment used to dissolve blood clots. It has 
been shown to reduce mortality in certain cases, 
but it also has limitations. According to the 
findings of one study, 10.3% of patients do not 
meet the criteria for thrombolysis due to possible 
contraindications, which include conditions such 
as prior stroke, recent bleeding, and 
hypertension [35]. Other contraindications 
include brain surgery in the duration of 6 months, 
head trauma, Stroke history, CNS damage within 
one year, dementia, intracranial malignancy 
internal bleeding in the duration of 6 weeks, 
suspected aortic dissection, known bleeding 
disorder and active bleeding, trauma, major 
surgery.  There are also relative contraindications 
to thrombolysis, such as acute pancreatitis, 
pregnancy, oral intake of anticoagulants, infective 
endocarditis, dementia, active cavitating 
pulmonary tuberculosis intracranial thrombosis, 
uncontrolled hypertension, and advanced liver 
disease. 
 

5.2 Duration of Treatment with 
Thrombolytics 

 
As the interval between the beginning of 
symptoms and delivery of fibrinolytic therapy 
rises, its advantages diminish. Studies have 
shown that prehospital administration of 
thrombolysis within 70 minutes of the onset of 
symptoms can result in a reduction in death, 
stroke, serious bleeding, and infarct size [36]. 
Additionally, prehospital administration has been 
shown to decrease the duration of thrombolysis 
and decrease “all-cause” mortality. 
  
Studies have shown that fibrinolytic therapy is 
most effective when administered within the first 
2 hours of symptom onset. Using data from 
randomized clinical studies that compared 
fibrinolytic therapy to placebo or control, 
Boersma conducted research to investigate the 

connection between delaying treatment and an 
increased risk of death in the short term [36]. The 
study found that the greatest benefit was 
observed in patients who received fibrinolytic 
therapy within the first hour of symptom onset, 
with (65 [SD 14]) saved per 1000 treated 
patients. Furthermore, the study found that a 
proportional reduction in mortality was highly 
observed among individuals who were treated 
within 2 hours compared to those treated later 
(44% vs. 20%, P = 0.001). These findings 
emphasize the importance of early administration 
of fibrinolytic therapy for optimal outcomes [2]. 
 
The GUSTO-1 trial discovered that females, 
elderly individuals, and diabetics were more likely 
to have prolonged delays in receiving 
thrombolysis [37]. A study examined the 
correlation between patients' baseline 
characteristics and three-time variables – 
“symptom onset to treatment”, “symptom onset to 
hospital arrival”, and “hospital arrival to 
treatment” [38]. They found that a previous heart 
infarction or bypass surgery also increased the 
risk of treatment delay. The study found that 
patients who received thrombolysis within 2 
hours of symptom onset had a lower overall 
mortality rate compared to those who received it 
later. Longer delays in presentation and 
treatment were linked to higher mortality rates. 
Additionally, reinfarction and recurrent ischemia 
were less frequent as treatment time increased, 
but there were also more cases of stroke, heart 
failure, and shock [38]. These findings suggest 
that administering thrombolysis as early as 
possible is crucial for optimal outcomes. 
 

5.3 Cerebrovascular Events in Stroke 
 
Fibrinolytic therapy, which is used to treat certain 
conditions, can lead to serious complications 
such as stroke. Studies have shown that 
thrombolysis increases the risk of stroke when 
compared to control patients [39]. For example, 
the “Fibrinolysis Therapy Trialists” found that the 
risk of stroke was 1.2% in patients who received 
thrombolysis and 0.8% in control patients, a 
statistically significant difference (P < 0.00001). 
Additionally, a study that was part of the GUSTO-
1 trial, revealed that the overall risk of stroke that 
occurred as a result of fibrinolytic medication 
treatment was 1.4%, and 95% of those strokes 
occurred within the duration of 5 days. When 
compared to therapy with SK alone, treatment 
with SK in conjunction with TPA was related to a 
higher stroke rate, with 1.64% of patients 
experiencing a stroke when receiving 



 
 
 
 

Eljatib; J. Adv. Med. Med. Res., vol. 35, no. 15, pp. 59-70, 2023; Article no.JAMMR.100484 
 
 

 
64 

 

combination therapy and 1.19% when receiving 
SK alone (P < 0.007) [40]. Furthermore, 41% of 
these strokes were fatal. The research also 
discovered that ICH emerged in 0.46% of 
patients who were treated with SK and in 0.88% 
of patients who were treated with combination 
therapy (P 0.001); additionally, another analysis 
demonstrated a modest increase in ICH among 
patients who were given TPA (0.95%) [40].  
These results suggest that while fibrinolytic 
therapy can be effective in certain cases, it also 
increases the risk of stroke and other serious 
complications. 
 

5.4 Infarct Artery Patency 
 

Fibrinolytic therapy, a treatment for infarct-related 
artery blockages, may not always result in the 
successful reopening of the blocked artery. This 
is supported by data from angiography studies, 
which have shown that normal blood flow (TIMI 
flow grade 3) is only achieved in 40-60% of 
patients [41]. The GUSTO trial compared the use 
of accelerated TPA to the use of SK and found 
that the TPA group had a higher rate of 
successful patency (81%) at 90 minutes 
compared to the SK group (54%, P<0.001). 
Furthermore, the TPA group also had a higher 
rate of normal blood flow (54%) compared to 
other treatment options, such as “SK + 
subcutaneous heparin”, “SK + intravenous 
heparin”, and combination heparin, streptokinase 
and TPA (40%) [41]. Patients with the                 
reduced flow (TIMI flow grade 2 or less) had                 
a higher mortality rate at 30 days compared                  
to those with the normal flow (TIMI flow                   
grade 3). The death rate was 8.9% for patients 
with reduced flow and 4.4% for patients with 
normal flow, with a statistically significant 
difference between the two groups (P=0.009) 
[41]. 
 

5.5 Reinfarction and Recurrent Ischemia 
 

Thrombolysis is a commonly used treatment for 
blocked infarct-related arteries, but it also has 
limitations. One of these limitations is the 
frequent incidence of reocclusion of the infarct 
artery, "recurrent ischemia”, and reinfarction [42]. 
According to data from the GUSTO trial, after 
undergoing thrombolysis, there is a 4.9-6.4% 
chance of reocclusion within 5-7 days and a 
4.3% chance of reinfarction (a repeat heart 
attack) at a median of 3.8 days [42]. The risk of 
death within 30 days of treatment was higher for 
patients who experienced reinfarction, compared 
to those who did not. 

5.6 Age Considerations 
 
The mortality rate increases with age, both in the 
short-term and long-term, as demonstrated by 
several studies [43]. For example, in a trial, 30-
day mortality rates were 3.0% for patients under 
65, 9.5% for patients between 65 and 74, 19.6% 
for patients between 75 and 85, and 30.3% for 
patients over 85 [37]. Additionally, the incidence 
of stroke, cardiogenic shock, bleeding, and 
reinfarction also increases with age. A study 
found that accelerated TPA had fewer deaths or 
disabling strokes in all age groups except the 
oldest, in which a weak drift towards decreased 
rate was seen with “SK plus subcutaneous 
heparin” [37]. Additionally, a study by Weaver et 
al. found that twenty-eight percent of patients 
admitted to hospitals for AMI were 75 or                  
older, but only five percent of these individuals 
were given a “systemic thrombolytic agent”              
[44]. The mortality rates were higher in these 
older patients, with rates of 2% or less in     
patients 55 or younger, 4.6% in patients between 
55 and 64, 12.3% in patients between 65 and 74, 
and 17.8% in patients 75 or older. However,  
even with these higher risks, the absolute and 
relative risk decline linked with fibrinolytic 
treatment in older individuals remained beneficial 
[44]. 
 

5.7 Infarct Size and Site 
 
The in-hospital outcome and effectiveness of 
thrombolytic therapy are more greatly affected by 
the size and location of the infarct (area of heart 
muscle damage) rather than the location of the 
injury [45]. The study found that the size of the 
heart infarction, rather than the location, had a 
greater impact on hospital-related mortality and 
the effectiveness of thrombolytic treatment [45]. 
Patients were divided into groups based on the 
location of the infarct as seen on a standard ECG 
and the involvement of ST-segment elevation. 
The study found that SK was effective in 
reducing mortality only in patients with front and 
multiple-site infarcts. In addition, the study 
discovered that the fatality rate rose as the size 
of the infarct continued to increase, with a 
percentage of 6.5percent in tiny infarcts, 
9.6percent in modest infarcts, 14.3percent in              
big infarcts, and 21.7percent in vast infarcts.               
The rate was lowest in tiny infarcts, with a                   
rate of 6.5%, and the highest rate was                  
found in extensive infarcts, with a rate of 21.7% 
[45]. 
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Table 1. Comparison of different thrombolytic agents 
 

Agent Plasma 
half-
life(min) 

Molecular 
weight(D) 

Plasminogen 
activation  

Fibrin 
specificity 

Dose Antigenicity 

Tenecteplase 20 70000 Direct +++ 0.5mg/kg bolus – 
Lanoteplase 23 53500 Direct + 120IU/kgbolus – 
Streptokinase 23–29 47000 Indirect – 1.5MIU/60min + 
Alteplase 4–8 70000 Direct ++ 100mg/90min – 
Saruplase 9 46500 Direct ± 80mg/60min – 
Staphylokinase 6 16500 Indirect ++++ 20–30mg/30min + 
Reteplase 15 39000 Direct + 2×10IUboluses30minapart      – 

 

6. THROMBOLYTIC THERAPY IN THE 
MODERN ERA: UTILITY AND 
ADVANCEMENTS 

 

6.1 Improving Thrombolytic Outcomes 
with Early PCI Transfer 

 

Primary PCI is currently the preferred therapy for 
acute myocardial infarction (AMI) due to its 
benefits and low complication rate [46]. However, 
in some areas where PPCI facilities are not 
readily available, thrombolytic therapy is still 
used as an alternative. Recent studies have 
shown that transferring patients to a PPCI center 
after administering fibrinolytic agents can lead to 
better outcomes [46]. 
 

The CARESS-in-AMI study found that timely 
transfer to a PPCI center after administering 
fibrinolytic agents improved outcomes for 
patients with STEMI in comparison with a 
conservative watchful waiting approach [47]. The 
study included 600 patients who were treated 
previously with abciximab, aspirin, half-dose 
reteplase, and heparin. Patients were then 
assigned to either an easy transition for PCI or a 
transfer that would only occur in the event that 
the initial reperfusion attempt failed or the 
patient's condition worsened. According to the 
findings, the immediate transfer technique 
resulted in a lower mortality rate after 30 days 
(4.4% vs. 10.7%, P = 0.004) without increasing 
bleeding events [47]. 
  

The TRANSFER AMI research provides 
additional evidence that demonstrates the 
advantages of prompt transfer to a PPCI facility 
after the intake of fibrinolytic medications [48]. 
The study found that transferring patients to a 
PPCI center within 6 hours of thrombolysis led to 
decreased number of ischemic complications in 
comparison with standard therapy, which 
includes delayed angiography or rescue PCI. 
The primary outcome of the research, a 
combination of “recurrent ischemia”, mortality, 

new occurrence or previous severe congestive 
cardiac failure, reinfarction, or “cardiogenic 
shock” within a period of thirty days, was 
considerably lower in the regular “early PCI 
group” than in the usual therapy group [48]. 
Additionally, there was no major variation in the 
incidence of major bleeding between the two 
groups. 
 
A study that combined the results of multiple 
previous studies found that moving patients to a 
facility for PCI (a procedure to open blocked 
heart vessels) soon after receiving thrombolysis 
(a treatment for heart attack) led to a significant 
decrease in both the number of deaths and 
reinfarctions (recurrent heart attacks) within 30 
days to 1 year, compared to a strategy of 
monitoring for symptoms of recurrent chest pain 
before deciding to perform PCI [49]. The 
NORDISTEMI trial also found that the overall 
rate of death, reinfarction, stroke, or new 
ischemia 12 months after treatment was 
significantly lower in the group that received early 
invasive treatment (6%) compared to the group 
that received a more cautious approach (16%) 
[49].  
 

6.2 Intracoronary (IC) Thrombo-Lytic 
Therapy 

 
The use of intracoronary fibrinolytic therapy 
(ICFT) was first reported by Rentrop in AMI 
management. Studies have shown that ICFT 
using staphylokinase (SK) can improve 
microvasculature perfusion in severely “ischemic 
myocardium” after restoring coronary flow. This is 
due to SK's ability to inhibit “red-cell aggregation” 
and reduce platelet aggregation in vitro [50]. This 
approach has been shown to be effective in 
patients undergoing primary PCI. A study found 
that IC administration of SK (250 kU over 3 
minutes) improved “microvascular resistance”, 
“collateral flow index”, “mean coronary wedge 
pressure”, “diastolic deceleration time” and 
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coronary blood flow reserve two days after the 
process compared to a control group [51]. 
However, these improvements did not lead to 
better “left ventricular size” or function at six 
months. It is important to note that the research 
was not large enough to determine variations in 
clinical procedures or left ventricular function at 
six months [51]. Additionally, “IC TNK” is 
recognized to be an effective and safe treatment 
for managing thrombotic problems in “high-risk 
complex PCI” [52]. Research showed that “TNK-
supported PCI” improves the "no-reflow" 
occurrence in PCI patients with high risk [53]. A 
study conducted by Abbas and colleagues 
examined the use of IC TPA for recanalizing 
“chronically occluded arteries with tapering 
morphology” in patients who had previously 
experienced failed PCI attempts and were 
experiencing progressive symptoms [54]. This 
study showed that chronically occluded arteries 
with tapering morphology could be successfully 
recanalized when fibrin-specific fibrinolytic were 
administered [54]. 
 

6.3 Risks and Adverse Effects Associated 
with TPA 

 

Bleeding is the most common serious adverse 
event associated with the administration of TPA, 
as supported by several studies [55-57]. There 
are two categories of bleeding: internal and 
superficial or surface bleeding. Intracranial 
bleeding is the most serious internal bleeding 
associated with alteplase therapy, with an 
incidence rate ranging from 0.4% to 15.4%, 
followed by respiratory bleeding, genitourinary 
bleeding (4%), retroperitoneal bleeding and 
gastrointestinal bleeding (5%).  Superficial or 
surface bleeding usually occurs at sites such as 
arterial punctures, venous cutdowns and recent 
surgical intervention sites, while spontaneous 
bleeding may include epistaxis (less than 1%), 
gingival bleeding (less than 1%) and ecchymosis 
(1%) [58]. Additionally, a study of 24,556 patients 
with ST-segment elevation myocardial infarction 
(STEMI) who received fibrinolytic therapy 
reported that tPA was associated with an 
increased risk of bleeding (OR 1.65; 95% CI, 
1.29 to 2.11; p < 0.0001) compared with 
streptokinase [59]. 
 

6.4 Relative Risk of Increasing 
Comorbidities with TPA Use 

 
Clinical studies of adult patients with acute 
ischemic stroke have reported a higher incidence 
of intracranial bleeding, particularly symptomatic 

intracranial bleeding, in patients receiving tPA 
compared to placebo. However, there was no 
increase in the incidence of 90-day mortality or 
severe disability in patients receiving tPA [58]. 
According to these studies, the incidence of 
intracranial bleeding is dose-related, with a 
higher percentage occurring at a dosage of 150 
mg (1.3%) compared to 100 mg (0.4%), and 
rates of adverse events, including bleeding, 
correlate to the total exposure of tPA [58]. 
 
In addition to bleeding, tPA administration may 
also lead to cardiac dysrhythmias and allergic 
reactions, including anaphylactic-type reactions 
[58]. Cardiac dysrhythmias are related to the re-
establishment of tissue perfusion rather than 
drug exposure. The rapid conversion of 
plasminogen to plasmin signals a complement 
cascade leading to mast cell degranulation and 
subsequent anaphylactic reaction [58]. 
Numerous studies have reported on the risks 
associated with administering tissue 
plasminogen activator (tPA), with two in particular 
highlighting increased risks of bleeding. The 
Third International Study of Infarct Survival (ISIS-
3) trial, a large-scale study evaluating tPA use for 
acute myocardial infarction, found tPA to be 
associated with significantly increased risks of 
both intracranial hemorrhage (odds ratio [OR] 
1.92; 95% confidence interval [CI], 1.56 to 2.35; 
p < 0.0001) and extracranial bleeding (OR 1.46; 
95% CI, 1.27 to 1.68; p < 0.0001) [60-62].  
 

7. CONCLUSION 
 
In the 20

th
 century, Thrombolytic therapy has 

greatly improved the way in which patients with 
acute myocardial infarction (AMI) are treated. In 
the 21st century, primary percutaneous coronary 
intervention (PPCI) is considered the best 
treatment plan for managing AMI, but it is not 
always accessible to all individuals. In such 
cases, thrombolytic treatment combined with an 
immediate referral for “coronary angiography" 
and percutaneous coronary intervention is 
recommended as an alternative treatment option. 
Additionally, it is worth mentioning that 
intracoronary thrombolytic therapy may also be 
an effective option during the treatment with 
PPCI. 
 

8. CLINICAL RECOMMENDATIONS 
 

The “2009 ACC/AHA guidelines” recommend 
primary PCI for patients presenting to PPCI 
centers. This suggestion is classified as a "class I 
recommendation”.  While patients going to non-
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PPCI centers, it is recommended that patients at 
higher risk who receive fibrinolytic therapy be 
transferred promptly to a PCI-capable facility for 
further treatment, either through PCI or a 
pharmacoinvasive strategy. This suggestion is 
classified as a class IIa recommendation. 
 

KEY INSIGHTS 
 
The main management approach for patients 
with acute myocardial infarction is still 
thrombolytic therapy. However, primary 
percutaneous coronary intervention (PPCI) has 
become the recommended treatment strategy for 
managing AMI. Patients who arrive at a facility 
that can perform PPCI should be treated with this 
approach without major delays. For patients who 
present at a facility that does not offer PPCI, 
thrombolysis with immediate transfer to a facility 
that can perform PPCI should be considered as 
an alternative. 
 

CONSENT 
 
It is not applicable. 

 
ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Chi GC, Kanter MH, Li BH, Qian L, 

Reading SR, Harrison TN, et al. Trends in 
acute myocardial infarction by race and 
ethnicity. Journal of the American Heart 
Association. 2020;9(5):e013542. 

2. Wang C, Pei Y-Y, Ma Y-H, Ma X-L, Liu Z-
W, Zhu J-H, et al. Risk factors for acute 
kidney injury in patients with acute 
myocardial infarction. Chinese medical 
journal. 2019;132(14):1660-5. 

3. AP F, FE S. The treatment of patients 
suffering from early myocardial infarction 
with massive and prolonged streptokinase 
therapy. Transactions of the Association of 
American Physicians. 1958;71:287-96. 

4. Yusuf S, Collins R, Peto R, Furberg C, 
Stampfer M, Goldhaber S, et al. 
Intravenous and intracoronary fibrinolytic 
therapy in acute myocardial infarction: 

overview of results on mortality, 
reinfarction and side-effects from 33 
randomized controlled trials. European 
Heart Journal. 1985;6(7):556-85. 

5. Dalal J, Sahoo PK, Singh RK, Dhall A, 
Kapoor R, Krishnamurthy A, et al. Role of 
thrombolysis in reperfusion therapy for 
management of AMI: Indian scenario. 
indian heart journal. 2013;65(5):566-85. 

6. Mile E, Balla I. Efficacy of thrombolytic 
therapy in the treatment of Acute 
Myocardial Infarction (AMI). International 
Journal of Medical Sciences. 2022;7(13-
14):80-6. 

7. Moore HB, Moore EE, Neal MD, Sheppard 
FR, Kornblith LZ, Draxler DF, et al. 
Fibrinolysis shutdown in trauma: historical 
review and clinical implications. Anesthesia 
and analgesia. 2019;129(3):762. 

8. Garner R, Tillett WS. Biochemical studies 
on the fibrinolytic activity of hemolytic 
streptococci: I. Isolation and 
characterization of fibrinolysin. The Journal 
of Experimental Medicine. 1934;60(2):239. 

9. Tillett WS, Edwards L, Garner R. 
Fibrinolytic activity of hemolytic 
streptococci. The development of 
resistance to fibrinolysis following acute 
hemolytic streptococcus infections. The 
Journal of Clinical Investigation. 
1934;13(1):47-78. 

10. Tillett WS, Garner RL. The fibrinolytic 
activity of hemolytic streptococci. The 
Journal of experimental medicine. 
1933;58(4):485-502. 

11. Vecchio C, Chiarella F, Lupi G, Bellotti P, 
Domenicucci S. Left ventricular thrombus 
in anterior acute myocardial infarction after 
thrombolysis. A GISSI-2 connected study. 
Circulation. 1991;84(2):512-9. 

12. Simoons ML. Thrombolytic therapy in 
acute myocardial infarction. Annual review 
of medicine. 1989;40(1):181-98. 

13. Group IS. In-hospital mortality and clinical 
course of 20 891 patients with suspected 
acute myocardial infarction randomised 
between alteplase and streptokinase with 
or without heparin. The Lancet. 
1990;336(8707):71-5. 

14. Boersma E, Maas AC, Deckers JW, 
Simoons ML. Early thrombolytic treatment 
in acute myocardial infarction: reappraisal 
of the golden hour. The Lancet. 
1996;348(9030):771-5. 

15. Investigators GA. The effects of tissue 
plasminogen activator, streptokinase, or 
both on coronary-artery patency, 



 
 
 
 

Eljatib; J. Adv. Med. Med. Res., vol. 35, no. 15, pp. 59-70, 2023; Article no.JAMMR.100484 
 
 

 
68 

 

ventricular function, and survival after 
acute myocardial infarction. New England 
Journal of Medicine. 1993;329(22):1615-
22. 

16. Thomalla G, Boutitie F, Ma H, Koga M, 
Ringleb P, Schwamm LH, et al. 
Intravenous alteplase for stroke with 
unknown time of onset guided by 
advanced imaging: systematic review          
and meta-analysis of individual patient 
data. The Lancet. 2020;396(10262):1574-
84. 

17. Huang X, Redfors B, Chen S, Gersh BJ, 
Mehran R, Zhang Y, et al. Predictors of 

mortality in patients with non‐anterior 

ST‐segment elevation myocardial 

infarction: analysis from the 
HORIZONS‐AMI trial. Catheterization and 

Cardiovascular Interventions. 2019;94(2): 
172-80. 

18. investigators G. A comparison of reteplase 
with alteplase for acute myocardial 
infarction: the global use of strategies to 
open occluded coronary arteries. N Engl J 
Med. 1997;337:1118-23. 

19. Szummer K, Jernberg T, Wallentin L. From 
early pharmacology to recent 
pharmacology interventions in acute 
coronary syndromes: JACC state-of-the-art 
review. Journal of the American College of 
Cardiology. 2019;74(12):1618-36. 

20. BATES ER. Reperfusion Therapy for Acute 
Myocardial Infarction. 

21. Smalling RW, Bode C, Kalbfleisch J, Sen 
S, Limbourg P, Forycki F, et al. More rapid, 
complete, and stable coronary 
thrombolysis with bolus administration of 
reteplase compared with alteplase infusion 
in acute myocardial infarction. Circulation. 
1995;91(11):2725-32. 

22. Bode C, Smalling RW, Berg G, Burnett C, 
Lorch G, Kalbfleisch JM, et al. 
Randomized comparison of coronary 
thrombolysis achieved with double-bolus 
reteplase (recombinant plasminogen 
activator) and front-loaded, accelerated 
alteplase (recombinant tissue plasminogen 
activator) in patients with acute myocardial 
infarction. Circulation. 1996;94(5):891-8. 

23. Koh HP, Md Redzuan A, Mohd Saffian S, 
et al. Mortality outcomes and predictors of 
failed thrombolysis following STEMI 
thrombolysis in a non-PCI capable tertiary 
hospital: a 5-year analysis. Internal and 
Emergency Medicine. 2023:1-12. 

24. Kumar SS, Sabu A. Fibrinolytic enzymes 
for thrombolytic therapy. Therapeutic 

enzymes: function and clinical implications. 
2019:345-81. 

25. Nishanth K, Math RS, Shankar M, 
Ravindranath K, Manjunath C. 
Thrombolysis with reteplase in acute 
pulmonary embolism. Indian Heart Journal. 
2019;71(6):464-7. 

26. Lankeit M, Konstantinides S. Tenecteplase 
can be given to patients with intermediate-
risk pulmonary embolism–But should it? 
Thrombosis Research. 2010;126(6):e407-
e8. 

27. Wallentin L, Goldstein P, Armstrong P, 
Granger C, Adgey A, Arntz H, et al. 
Efficacy and safety of tenecteplase in 
combination with the low-molecular-weight 
heparin enoxaparin or unfractionated 
heparin in the prehospital setting: the 
Assessment of the Safety and Efficacy of a 
New Thrombolytic Regimen (ASSENT)-3 
PLUS randomized trial in acute myocardial 
infarction. Circulation. 2003;108(2):135-42. 

28. Dundar Y, Hill R, Dickson R, Walley T. 
Comparative efficacy of thrombolytics in 
acute myocardial infarction: a systematic 
review. Qjm. 2003;96(2):103-13. 

29. Kunadian V, Gibson CM. Thrombolytics 
and myocardial infarction. Cardiovascular 
therapeutics. 2012;30(2):e81-e8. 

30. Maznyczka AM, McCartney PJ, Eteiba H, 
Greenwood JP, Muir DF, Chowdhary S, et 
al. One-year outcomes after low-dose 
intracoronary alteplase during primary 
percutaneous coronary intervention: the T-
TIME randomized trial. Circulation: 
Cardiovascular Interventions. 2020;13(2): 
e008855. 

31. Nedaeinia R, Faraji H, Javanmard SH, 
Ferns GA, Ghayour-Mobarhan M, Goli M, 
et al. Bacterial staphylokinase as a 
promising third-generation drug in the 
treatment for vascular occlusion. Molecular 
Biology Reports. 2020;47:819-41. 

32. Gusev EI, Martynov MY, Nikonov AA, 
Shamalov NA, Semenov MP, Gerasimets 
EA, et al. Non-immunogenic recombinant 
staphylokinase versus alteplase for 
patients with acute ischaemic stroke 4· 5 h 
after symptom onset in Russia (FRIDA): a 
randomised, open label, multicentre, 
parallel-group, non-inferiority trial. The 
Lancet Neurology. 2021;20(9):721-8. 

33. Kantipudi S, Maheshwari N, Sharma S, 
Sahni G. Cloning and purification of an 
anti-thrombotic, chimeric Staphylokinase in 
Pichia pastoris. Protein expression and 
purification. 2019;162:1-8. 



 
 
 
 

Eljatib; J. Adv. Med. Med. Res., vol. 35, no. 15, pp. 59-70, 2023; Article no.JAMMR.100484 
 
 

 
69 

 

34. Kenjaev S, Alyavi A. Current status of 
prehospital systemic thrombolysis 
problems in st-elevation myocardial 
infarction. Journal of Pharmaceutical 
Negative Results. 2022:2687-93. 

35. Russo F, Cianfanelli L, Chieffo A, Galli M, 
Chizzola G, Bossi I, et al. Ultrasound-
assisted thrombolysis in high and 
intermediate-high risk pulmonary embolism 
patients with contraindications to systemic 
thrombolysis: A retrospective multicentre 
experience. Thrombosis Research. 2022; 
214:40-3. 

36. Mishra A, Prajapati J, Dubey G, Patel I, 
Mahla M, Bishnoi S, et al. Characteristics 
of ST-elevation myocardial infarction with 
failed thrombolysis. Asian Cardiovascular 
and Thoracic Annals. 2020;28(5):266-72. 

37. Khasanjanova F, Tashkenbaeva E, 
Sunnatova G, Khaydarova D, Mirzayev R. 
Evaluation of the effectiveness of 
thrombolytic therapy in men with acute 
coronary myocardial infarction in young 
age. Central Asian Journal of Medical and 
Natural Science. 2021;2(1):144-9. 

38. Kocayigit I, Yaylaci S, Osken A, Aydın E, 
Sahinkus S, Can Y, et al. Comparison of 
effects of thrombolytic therapy and primary 
percutaneous coronary intervention in 
elderly patients with acute ST-segment 
elevation myocardial infarction on in-
hospital, six-month, and one-year mortality. 
Archives of Medical Science-
Atherosclerotic Diseases. 2019;4(1):82-8. 

39. Pan Y, Elm JJ, Li H, Easton JD, Wang Y, 
Farrant M, et al. Outcomes associated with 
clopidogrel-aspirin use in minor stroke or 
transient ischemic attack: A pooled 
analysis of Clopidogrel in High-Risk 
Patients With Acute Non-Disabling 
Cerebrovascular Events (CHANCE) and 
Platelet-Oriented Inhibition in New TIA   
and Minor Ischemic Stroke (POINT)   
Trials. JAMA neurology. 2019;76(12):1466-
73. 

40. Ali-Ahmed F, Federspiel JJ, Liang L, Xu H, 
Sevilis T, Hernandez AF, et al. Intravenous 
tissue plasminogen activator in stroke 
mimics: Findings from the get with the 
guidelines–stroke registry. Circulation: 
Cardiovascular Quality and Outcomes. 
2019;12(8):e005609. 

41. Jia H, et al. EROSION III: a multicenter 
RCT of OCT-guided reperfusion in STEMI 
with early infarct artery patency. 
Cardiovascular Interventions. 2022;15(8) 
:846-56. 

42. Aleksova A, Janjusevic M, Stornaiolo M, 
Gagno G, Pierri A, Fluca AL, et al. 342 
tmao plasma levels predict recurrent 
ischemic events in survivors of myocardial 
infarction. European Heart Journal 
Supplements. 
2022;24(Supplement_K):suac121. 496. 

43. Shukla AN, Jayaram AA, Doshi D, Patel P, 
Shah K, Shinde A, et al. The young 
myocardial infarction study of the Western 
Indians: YOUTH Registry. Global Heart. 
2019;14(1):27-33. 

44. Weaver WD, Litwin PE, Martin JS, 
Kudenchuk PJ, Maynard C, Eisenberg MS, 
et al. Effect of age on use of thrombolytic 
therapy and mortality in acute myocardial 
infarction. Journal of the American College 
of Cardiology. 1991;18(3):657-62. 

45. Maroko PR, Kjekshus JK, Sobel BE, 
Watanabe T, Covell JW, Ross Jr J, et al. 
Factors influencing infarct size following 
experimental coronary artery occlusions. 
Circulation. 1971;43(1):67-82. 

46. Hamed AL. Timing of post thrombolysis 
PCI in acute MI. Journal of Environmental 
Studies. 2022;28(1):48-55. 

47. Rathod KS, Jain AK, Firoozi S, Lim P, 
Boyle R, Nevett J, et al. Outcome of inter-
hospital transfer versus direct admission 
for primary percutaneous coronary 
intervention: An observational study of 
25,315 patients with ST-elevation 
myocardial infarction from the London 
Heart Attack Group. European Heart 
Journal: Acute Cardiovascular Care. 
2020;9(8):948-57. 

48. Limwattananon C, Jaratpatthararoj J, 
Thungthong J, Limwattananon P, 
Kitkhuandee A. Access to reperfusion 
therapy and mortality outcomes in patients 
with ST-segment elevation myocardial 
infarction under universal health coverage 
in Thailand. BMC Cardiovascular 
Disorders. 2020;20(1):1-10. 

49. Zhang Y, Wang S, Cheng Q, Zhang J, Qi 
D, Wang X, et al. Reperfusion strategy and 
in-hospital outcomes for ST elevation 
myocardial infarction in secondary and 
tertiary hospitals in predominantly rural 
central China: A multicentre, prospective 
and observational study. BMJ open. 
2021;11(12):e053510. 

50. Agarwal SK, Agarwal S. Role of 
intracoronary fibrinolytic therapy in 
contemporary PCI practice. Cardiovascular 
Revascularization Medicine. 2019;20(12): 
1165-71. 



 
 
 
 

Eljatib; J. Adv. Med. Med. Res., vol. 35, no. 15, pp. 59-70, 2023; Article no.JAMMR.100484 
 
 

 
70 

 

51. Alexiou S, Patoulias D, Theodoropoulos 
KC, Didagelos M, Nasoufidou A, Samaras 
A, et al. Intracoronary thrombolysis in ST-
segment elevation myocardial infarction 
patients undergoing primary percutaneous 
coronary intervention: An updated meta-
analysis of randomized controlled trials. 
Cardiovascular Drugs and Therapy. 2022: 
1-12. 

52. Gibson CM, Kumar V, Gopalakrishnan L, 
Singh P, Guo J, Kazziha S, et al. Feasibility 
and safety of low-dose intra-coronary 
tenecteplase during primary percutaneous 
coronary intervention for ST-elevation 
myocardial infarction (ICE T-TIMI 49). The 
American Journal of Cardiology. 
2020;125(4):485-90. 

53. Alyamani M, Campbell S, Navarese E, 
Welsh RC, Bainey KR. Efficacy and safety 
of intracoronary thrombolysis as an 
adjunctive therapy to primary 
percutaneous coronary intervention in st-
elevation myocardial infarction. A 
systematic review and meta-analysis. 
Circulation. 2019;140(Suppl_1):A14945-A. 

54. Abbas AE, Brewington SD, Dixon SR, 
Boura JA, Grines CL, O’Neill WW. 
Intracoronary fibrin-specific thrombolytic 
infusion facilitates percutaneous 
recanalization of chronic total occlusion. 
Journal of the American College of 
Cardiology. 2005;46(5):793-8. 

55. Liu H, Zheng H, Cao Y, Pan Y, Wang D, 
Zhang R, et al. Low- versus standard-    
dose intravenous tissue-type            
plasminogen activator for acute               
ischemic stroke: An updated meta-
analysis. J Stroke Cerebrovasc Dis. 
2018;27(4):988-97. 

56. Gilliland C, Shah J, Martin JG, Miller MJ, 
Jr. Acute Limb Ischemia. Tech Vasc Interv 
Radiol. 2017;20(4):274-80. 

57. Vivien D. Can the benefits of rtPA 
treatment for stroke be improved? Rev 
Neurol (Paris). 2017;173(9):566-71. 

58. Kepplinger J, Barlinn K, Deckert S, 
Scheibe M, Bodechtel U, Schmitt J. Safety 
and efficacy of thrombolysis in telestroke: A 
systematic review and meta-analysis. 
Neurology. 2016;87(13):1344-51. 

59. Man S, Zhao X, Uchino K, Hussain MS, 
Smith EE, Bhatt DL, et al. Comparison of 
acute ischemic stroke care and outcomes 
between comprehensive stroke centers 
and primary stroke centers in the United 
States. Circ Cardiovasc Qual Outcomes. 
2018;11(6):e004512. 

60. Aoki J, Suzuki K, Suda S, Okubo S, 
Mishina M, Nishiyama Y, et al. In 
Hyperacute Recanalization Therapy, Early 
Hospital Arriva1. Bhatt DL, Lopes RD, 
Harrington RA. Diagnosis and Treatment of 
Acute Coronary Syndromes: A Review. 
JAMA. 2022;327(7):662–75.  

61. Collet JP, Thiele H, Barbato E, Barthélémy 
O, Bauersachs J, Bhatt DL, et al. 2020 
ESC Guidelines for the management of 
acute coronary syndromes in patients 
presenting without persistent ST-segment 
elevation. Eur Heart J. 2021 Apr 7; 
42(14):1289–367.  

62. Mohamad NF, Hastrup S, Rasmussen M, 
Andersen MS, Johnsen SP, Andersen G, 
Simonsen CZ. Bypassing primary stroke 
centre reduces delay and improves 
outcomes for patients with large vessel 
occlusion. European Stroke Journal. 
2016;1(2):85-92.

_________________________________________________________________________________ 
© 2023 Eljatib; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/100484 

http://creativecommons.org/licenses/by/4.0

