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Abstract

Background ST-segment elevation myocardial infarction (STEMI) is usually caused by a rupture in the atherosclerotic
plaque, followed by platelet aggregation which ultimately leads to acute coronary artery occlusion. So far, few studies
have investigated the effect of maintenance dose of Eptifibatide (glycoprotein llb/llla inhibitor) in STEMI patients who
underwent primary percutaneous coronary intervention (PPCI). Therefore, in this study, we investigated the effect of
maintenance dose of Eptifibatide in patients with STEMI who underwent PPCI. 264 patients who had acute chest pain
suggestive of STEMI were entered in the study. All patients received the same dose of bolus dose of Eptifibatide in
the cardiac catheterization laboratory. Then the patients were randomly divided into two groups, one group (n =147)
received a maintenance dose of intravenous Eptifibatide (infusion of 2 ug/kg/min) and the other group (n=117)

did not receive this treatment. Standard medical treatment of STEMI after PPCl was performed based on guidelines
and the same in both groups. All patients were evaluated 1, 2, and 3 months after the start of treatment in terms of
predicted outcomes.

Results The occurrence of 3-month major adverse cardiovascular events (MACE) between the case and control
groups did not have a statistically significant difference (28.6% versus 35.0%; P value: 0.286). Also, investigations
showed that the rate of re-infarction (P value: 0.024) and target lesion revascularization (P value: 0.003) was signifi-
cantly lower in the group that received Eptifibatide infusion.

Conclusions Eptifibatide maintenance dose infusion in patients who undergo PPCl in the context of STEMI, does not
significantly reduce MACE, although it does significantly reduce re-infarction and target lesion revascularization. It also
does not increase the risk of bleeding and cerebrovascular events.

Keywords ST-segment elevation myocardial infarction (STEMI), Primary percutaneous coronary intervention (PPCI),
Eptifibatide

*Correspondence:

Mohammadreza Iranian

Drm.iranian@gmail.com

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-023-00355-4&domain=pdf
http://orcid.org/0000-0001-9721-4950
http://orcid.org/0000-0002-5133-2481
http://orcid.org/0000-0002-4721-225X
http://orcid.org/0000-0002-9667-248X
http://orcid.org/0000-0002-4697-1182
http://orcid.org/0000-0002-9105-7242

Jalalian et al. The Egyptian Heart Journal (2023) 75:28

Background

Coronary artery disease is the first and most important
death reason in today’s societies. What conventionally
was called a heart attack, is more precisely called acute
coronary syndrome (ACS) nowadays. Patients who
go to the emergency room with ACS will divided into
Two groups include ST-segment elevation myocardial
infarction (STEMI) and non-ST-segment elevation ACS
(NSTE-ACS). The latter consist of non-ST elevation
myocardial infarction (NSTEMI) and unstable angina
(UA) [1, 2].

Each year, approximately 258,000 patients in the United
States present to the emergency department with a diag-
nosis of STEMI, with an incidence of 7.3 per 10,000 [3].

STEMI is usually caused by a rupture or erosion in the
atherosclerotic plaque, followed by platelet aggregation
and thrombosis which ultimately leads to acute coronary
artery occlusion and myocardial damage. The preferred
treatment strategy includes emergency reperfusion
through primary percutaneous coronary intervention
(PPCI) [4].

Of course, despite reperfusion of blood flow in the cor-
onary arteries that caused the infarct, there is myocardial
perfusion disorder in some patients who have undergone
successful PCI [4, 5]. One of the main causes of myocar-
dial reperfusion disorder is the embolization of throm-
botic substances including platelet aggregations in the
distal microcirculation. Widespread use of PCI may also
create a thrombotic condition due to wounding the vessel
wall and stimulate platelet activation and proliferation of
new intima [6].

The first step to initiate arterial thrombosis is endothe-
lial damage and exposure of subendothelial matrix glyco-
protein (GP) to circulating platelets, followed by platelet
adhesion [7]. GP IIb/IIIa are the most abundant integrins
on the surface of platelets. Ligands such as fibrinogen
bind to GP IIb/IIla of adjacent platelets and lead to plate-
let aggregation and thrombus formation [8].

In recent years, the implementation of adjunctive
mechanical and pharmacological therapies during PPCI
has significantly improved clinical outcomes in STEMI
patients. Among these treatments, aspirin and P2Y12
inhibitors can be mentioned, which play an essential role
in the medical treatment of STEMI patients [9, 10].

Among other treatments, the use of GP IIb/IIla inhibi-
tors can be mentioned, which have significantly reduced
the incidence of distal embolization and improved rep-
erfusion of capillary blood flow and clinical outcomes in
STEMI patients. However, this approach may also have
disadvantages and may be associated with an increased
risk of bleeding [11-14].

Three intravenous drugs of GP IIb/IIla inhibitors
namely Abciximab, Eptifibatide and Tirofiban are widely
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used in PCI and in the treatment of ACS. Eptifibatide
binds to GP IIb/IIla receptors and prevents the binding of
fibrinogen to receptor and causes an anti-platelet effect.
On the other hand, inhibition of GP IIb/IIla reduces the
activation of prothrombin replication factors. Therefore,
inhibition of GP IIb/Illa may have both antiplatelet and
anticoagulant effects [7, 8, 15, 16].

According to European and American guidelines, intra-
venous injection of GP IIb/IIIa inhibitors in patients with
STEMI who underwent PPCI and have evidence of high
thrombosis or no-reflow phenomenon seems reasonable
(Class: IIa, LoE: C) [9, 10]. However, so far few studies
(Low Level of Evidence) have investigated the effect of
maintenance dose of Eptifibatide in STEMI patients who
underwent PPCI. Therefore, in this study, we investigated
the effect of maintenance dose of Eptifibatide in patients
with STEMI who underwent PPCI.

Methods

Patient selection

The study population is patients older than 18 years
old who visited between September 2017 and August
2018 at Fatemeh Zahra hospital of Sari, Northern Iran
and underwent PPCI with STEMI. The people in the
study were patients who had a history of chest pain and
an ECG suggestive of STEMI (new ST elevation in two
contiguous leads by 0.1 mV or more) from 30 min before
admission to 12 h before hospital admission.

Patients who presented with cardiogenic shock,
patients who became candidates for PCI after receiving
fibrinolytics, patients who became candidates for emer-
gent coronary artery bypass graft surgery after angiog-
raphy, patients under 18 years old or over 80 years old,
pregnant patients, patients with kidney or liver failure
and patients who had contraindications for Eptifibatide
use (active internal bleeding, brain neoplasm or aneu-
rysm, stroke in the last 2 years, intracerebral trauma or
surgery in the last 2 months, uncontrolled high blood
pressure, and thrombocytopenia) were excluded from the
study.

Study design and ethics

This study was a prospective, double-blind, randomized
controlled clinical trial that was conducted on 264
patients with STEMI who underwent PPCI. The sam-
ple size of this study was (calculated based on statistical
formulas and after 10% downfall), 264 people. All these
patients were treated similarly with aspirin (300 mg),
clopidogrel (600 mg) and statin after electrocardio-
graphic confirmation of STEMI Then all patients under-
went PPCI with Door-to-Device (DTD) time less than
90 min. DTD time was defined as the time from arrival to
the facility to time of catheterization device deployment,
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which should be 90 min or less. Regarding the angiogra-
phy method, femoral approach was preferred. All patients
received the same dose of intravenous heparin and bolus
dose of Eptifibatide (180 pg/kg/10 min) in the cardiac
catheterization laboratory. Then the patients were ran-
domly divided into two groups, one group (n=147)
received a maintenance dose of intravenous Eptifibatide
(infusion of 2 pg/kg/min) and the other group (n=117)
did not receive this treatment. Study design has been
summarized in Fig. 1. Randomization was done by sealed
envelopes at the end of the procedure. Administering
the maintenance dose of eptifibatide started during the
first hour after the bolus dose injection and continued
for 12 h. Standard medical treatment of ACS after PCI
was performed based on guidelines and the same in both
groups with aspirin (80 mg), clopidogrel (75 mg), lipid-
lowering drugs, beta-blockers and angiotensin-convert-
ing enzyme inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs) [9, 10]. All patients were re-evaluated 1,
2, and 3 months after the start of treatment in terms of
predicted outcomes.

Also, the objectives of this research project and its
implementation method were explained to all patients,
and they entered this project after obtaining oral and
written informed consent. It should be noted that this
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study was registered and approved (Approval Number:
1394050) by the Ethics Committee of Mazandaran Uni-
versity of Medical Sciences before its implementation.

Primary and secondary outcomes

The primary outcome in this study was major adverse
cardiovascular events (MACE), a composite of cardio-
vascular death, reinfarction, cerebrovascular events,
major and minor bleeding, target vessel revascularization
(TVR), and target lesion revascularization (TLR).

Major bleeding based on the standardized definitions
of bleeding for cardiovascular clinical trials includes:
fatal bleeding that leads to death within 7 days, intracra-
nial or retroperitoneal bleeding, bleeding that is accom-
panied by a drop of at least 3—5 units of hemoglobin or
need to inject at least 2—4 units of blood, bleedings that
lead to hemodynamic disorders and require intervention,
access site bleedings that require intervention, and hema-
toma with a size of 5 cm or more [17]. Bleedings smaller
than those mentioned above were considered as minor
bleeding.

TVR was defined as unplanned repeat PCI or bypass
graft placement for a stenosis in another part of the ves-
sel treated at the index PCI. TLR was defined as repeat
PCI or bypass graft placement for restenosis at the lesion

All patients who assessed

n=299

for eligibility

Patients excluded* @

Patients who underwent PPCI

n=264

Patients who received n=147

n=117 Patients who did not

a maintenance dose of
intravenous Eptifibatide

(Infusion of 2pg/kg/min)

receive a maintenance
dose of intravenous

Eptifibatide

Fig. 1 Clinical trial flowchart. *Patients who presented with cardiogenic shock, patients who became candidates for PCl after receiving fibrinolytics,
patients who became candidates for emergent coronary artery bypass graft surgery after angiography, patients under 18 years old or over 80 years
old, pregnant patients, patients with kidney or liver failure and patients who had contraindications for Eptifibatide use (see main text, methods,
patient selection) were excluded from the study. PPCl: Primary Percutaneous Coronary Intervention
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treated during index PCI or occurring within 5 mm of
the PCI site [18].

Secondary outcomes include separate examination of
in-hospital and out-of-hospital death due to cardiovascu-
lar diseases, re-infarction, cerebrovascular events, major
bleeding, minor bleeding, TVR and TLR.

Statistical analysis

The obtained data were entered into SPSS software (Sta-
tistical Package for the Social Sciences) version 24. First,
they were summarized using methods based on descrip-
tive statistics, including the mean+standard deviation
for quantitative variables (such as age) and frequency
tables for qualitative variables, and then to compare the
groups in terms of background variables, using the t-test,
Chi-square and finally logistic regression were analyzed.
P value less than 0.05 was considered significant.

Results

Study population

Demographic and clinical characteristics of all patients
are shown in Table 1. There was no significant differ-
ence between the two groups in terms of gender and
age. Among the patients participating in the study, 147
people were in the intervention group, 95 of them were
men (64.6%) and 52 were women (35.4%), and their aver-
age age was 59.85. Also, out of 117 patients participating
in the control group, 65 were men (55.6%) and 52 were
women (44.4%), whose average age was 61.78. In terms
of coronary artery disease risk factors (diabetes melli-
tus, hypertension, hyperlipidemia and cigarette smok-
ing) there was no significant difference between the two
groups. Also, out of the total of 147 patients studied
in the intervention group, the location of myocardial

Table 1 Patients'demographics and clinical characteristics

Case group (%) Control group (%) P value

Sex

Male 95 (64.6) 65 (55.6) 0.16

Female 52 (354) 52 (44.4)
Age

<60 years 79 (53.7) 59 (50.4) 0.62

>60 years 68 (46.3) 58 (49.6)
Diabetes mellitus 41 (27.9) 34 (29.1) 0.89
Hypertension 52 (35.4) 52 (44.4) 0.16
Hyperlipidemia 42 (28.6) 44 (37.6) 0.14
Cigarette smoking 41 (27.9) 31(26.5) 0.12
Location of myocardial infarction 0.12

Anterior territory 83 (56.5) 53 (45.3)

Inferior territory 58 (39.3) 61(52.1)

Lateral territory 6 (4.1) 3(2.6)
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infarction in 56.5% of cases was in the anterior regions,
39.3% in the lower regions and in 4.6% in the lateral
regions. In the control group, the location of myocardial
infarction in 45.3% of cases was in the anterior regions,
in 52.1% in the lower regions and in 2.6% in the lateral
regions, and also in this sense, no significant difference
was observed between the two studied groups.

Primary outcomes

The studied patients were followed up for 3 months
after PPCI. Considering the low mortality rate in STEMI
patients who undergo PPCI, in order to investigate the
effect of Eptifibatide drug on the consequences and car-
diovascular complications, the patients participating in
this study in terms of MACE, which includes a combina-
tion of death due to cardiovascular diseases, re-infarc-
tion, cerebrovascular events, major and minor bleeding,
target vessel revascularization (TVR) and target lesion
revascularization (TLR) were divided into two groups
(Fig. 2): the group that experienced MACE and the group
that did not experience MACE. The results of our study
showed that the occurrence of 3-month MACE between
the case and control groups did not have a statistically
significant difference (42 patients equivalent to 28.6% in
the case group versus 41 patients equivalent to 35% in
the control group), which means that receiving a mainte-
nance dose of Eptifibatide did not significantly reduce the
combination of mortality and morbidity in the patients (P
value: 0.286).

Also, the 3-month MACE rate in the case and control
groups was compared in different subgroups (Table 2).
These findings showed that in our studied patients, the
relationship between the occurrence or non-occurrence
of MACE after Eptifibatide infusion with hypertension
and hyperlipidemia is significant. This means that in
patients with hypertension and hyperlipidemia, Eptifi-
batide infusion has significantly reduced mortality and
morbidity. Of course, this relationship was not seen in
diabetic patients and smokers.

Secondary outcomes

Three months after PPCI, secondary outcomes including
in-hospital and out-of-hospital death due to cardiovascu-
lar diseases, re-infarction, cerebrovascular events, major
bleeding, minor bleeding, TVR and TLR were investi-
gated (Table 3). Investigations showed that the rate of re-
infarction and performing TLR was significantly lower in
the group that received Eptifibatide infusion, while there
was no significant difference of death due to cardiovas-
cular diseases, cerebrovascular events, major and minor
bleeding and TVR between two groups.
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Fig. 2 Kaplan-Meier curves for survival free of major adverse cardiovascular events (MACE) in case and control groups

Table 2 The 3-month MACE rate in different subgroups

MACE — MACE + P value
Diabetes mellitus 53 (29.3%) 22 (26.5%) 0.64
Hypertension 64 (35.3%) 40 (48.2%) 0.04
Hyperlipidemia 48 (26.5%) 38 (45.8%) 0.02
Cigarette smoking 48 (26.5%) 24 (28.9%) 0.68

MACE major adverse cardiovascular events

Discussion

Our study showed that in STEMI patients who under-
went PPCI, although Eptifibatide maintenance dose
infusion, causes a significant reduction in re-infarction
and TLR, it does not cause a significant reduction in
MACE.

The most studied GP IIb/IIla inhibitor in patients with
STEMI who undergo PPCI is Abciximab [8]. Although
previous large studies showed that administration of
Abciximab in patients undergoing PPCI due to STEMI
reduces death, re-infarction and ischemic events [19, 20],
subsequent studies showed that its administration espe-
cially in patients whom receive thienopyridine drugs at
the same time, does not significantly reduce death and
re-infarction [21, 22]. However, the results of our study
showed that the administration of Eptifibatide in a sub-
group of patients with hypertension and hyperlipidemia
reduces MACE. Whether this effect of the drug is related
to the primary antiplatelet effect of Eptifibatide or the
non-specific anti-inflammatory properties of it is not
determined by our study.

In 2010, Zeymer and colleagues in the EVA-AMI Trial
showed that Eptifibatide infusion, as an adjunct to PPCI

Table 3 Secondary outcomes after primary percutaneous coronary intervention in case and control groups

Case group (%) Control group (%) P value
In-hospital death due to cardiovascular disease 2(14) 2(1.7) 0.92
Out of hospital death due to cardiovascular disease 6 (4.1) 2(1.7) 0.30
Re-infarction 1(0.7) 7(6) 0.02
Target Lesion Revascularization 2(14) 11(94) 0.003
Target Vessel Revascularization 15(10.2) 16 (13.7) 0.10
Cerebrovascular events 3(2) 0(0) 0.25
Major bleeding 6 (4.1) 2(1.7) 0.30
Minor bleeding 4(2.7) 2(1.7) 0.69
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in the treatment of STEM]I, is as effective as Abciximab,
and even the rate of re-infarction was significantly lower
with Eptifibatide, while There was no significant differ-
ence of the bleeding rate between the two groups [23].
This finding is consistent with the lower rate of re-infarc-
tion in our intervention group.

So far, many studies have been published on the adju-
vant effect of Eptifibatide infusion in patients undergoing
PCIL One of the most important studies is the ESPRIT
Trial. The findings of this study showed that the admin-
istration of Eptifibatide leads to a significant reduction of
48-h and 30-day MACE (combination of death, myocar-
dial infarction and TVR) [24]. The inconsistency of the
results of our study with ESPRIT Trial can be due to the
smaller sample size of our study (264 patients vs. 2064
patients) and also the shorter infusion time of this drug
in our study (12 h vs. 18-24 h) and as a result receiving
a lower dose of the drug. GP IIb/IIla inhibitors block the
binding of circulating fibrinogen and von Willebrand
factor to the GP IIb/IIla receptor thus preventing the
cross-linking of platelets necessary for aggregation and
thrombosis. These agents have also been shown to disag-
gregate freshly formed, platelet-rich thrombi in a “dose-
dependent manner” ranging from no disaggregation at
low doses up to significant disaggregation at clinically rel-
evant doses [25].

Most of the studies conducted on Eptifibatide are on
patients who are candidates for PCI in the context of
NSTE ACS. To our knowledge, few clinical trials have
been conducted on the effect of Eptifibatide in patients
undergoing PPCI due to STEMI. A retrospective study
that was conducted between 2000 and 2009 in the United
States and showed that the administration of Eptifibatide
reduces mortality in STEMI patients who undergo PPCI
[25], while the study by Le May et al., and the study of
Shariati et al., showed that the administration of this drug
does not reduce MACE (combined mortality and recur-
rent myocardial infarction) [13, 26]. These observations,
however, have not been fully supported by a retrospective
analysis of clinical outcomes in the ESPRIT trial, accept-
ing that this was not a primary PCI study and not every-
one in the preloading group received the 600 mg dose of
Clopidogrel, the study demonstrated that the efficacy of
Eptifibatide was maintained irrespective of Thienopyri-
dine preloading.

In a systematic review and meta-analysis in 2019, Kara-
tanos et al. showed that routine treatment with GP IIb/
IIIa inhibitor in STEMI reduces mortality and re-infarc-
tion at 30 and 60 days [27]. However, most of the stud-
ies used in this review article were about Abciximab and
Tirofiban, and there was only one study about the admin-
istration of Eptifibatide, in which there was no significant
difference between the group receiving the drug and the
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control group in the primary outcome (which was the
combination of 30-day mortality and re-infarction) [26,
27].

The present study showed that Eptifibatide mainte-
nance dose infusion decreases TLR. TLR was defined
as repeat PCI for restenosis at the lesion treated during
index PCI. Although this finding is not consistent with
the study of Shariati et al. [13], it can be justified consid-
ering the mechanism of effect of Eptifibatide. Eptifiba-
tide prevents the binding of fibrinogen to receptor and
reduces the activation of prothrombin replication factors.

Also, our study showed that Eptifibatide administra-
tion does not increase major and minor bleeding and cer-
ebrovascular events. One of the reasons for the low rate
of bleeding in the present study is the careful selection
of patients based on the inclusion and exclusion criteria,
which reduces the chance of bleeding. The homogeneity
of the two groups in terms of the amount of major and
minor bleeding shows that the possibility of bleeding
complications should not prevent the administration of
this drug infusion in high-risk patients.

Study limitations

Some limitations of our study must be declared. The
relatively small sample size, short follow-up period and
“single-center” randomized clinical trial were some of
the limitations of the study. In future studies in STEMI
patients (an area where the effect of Eptifibatide has not
been sufficiently investigated), with a larger sample size
and with a higher power, its generalizability to the com-
munity and its validity can be improved.

Conclusions

Eptifibatide maintenance dose infusion in patients who
undergo PPCI in the context of STEMI, does not sig-
nificantly reduce MACE, although it does significantly
reduce re-infarction and TLR. It also does not increase
the risk of bleeding and cerebrovascular events.
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