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Abstract

Background: In primary percutaneous covonary intervention (PCI), glycoprotein (GP) IIb/Illa
inhibitors are often given in order to attain and maintain better myocardial perfusion. We
tested the hypothesis that intracoronary (IC) bolus of GP IIb/Illa inhibitors might produce
a greater improvement in left ventricular (LV) systolic and diastolic function than an intrave-
nous (IV) bolus.

Methods and results: Seventy seven patients undergoing primary PCI for their first
ST elevation myocardial infarction (STEMI) were randomly assigned to either an IC or IV
bolus of GP IIb/Illa inhibitoy, followed by IV infusion. Compared with the echocardiographic
findings within 3 days after PCI, LV ejection fraction was higher at 1 year, with no signifi-
cant differences between the 1V and IC groups (IV: 44% vs. 49%, p = 0.001; IC: 43% vs. 48%,
p < 0.001). LV diastolic function (E/E’) did not significantly change at 1 year by either approach.
Conclusions: LV systolic function improved by a similar magnitude following primary PCI,
with either IC or IV bolus administration of GP IIb/Illa inhibitor therapy. However, no signi-
ficant changes were observed in LV diastolic function. (Cardiol ] 2013; 20, 3: 310-317)
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Introduction

Primary percutaneous coronary intervention
(PCI) is the preferred reperfusion strategy for
patients who suffered an ST-segment elevation
myocardial infarction (STEMI) [1]. Despite optimal

coronary artery recanalization, distal embolization
of atherothrombotic material has important clinical
consequences. Over the past decade, numerous
randomized placebo-controlled clinical trials have
documented the safety and clinical efficacy of
intravenous platelet glycoprotein (GP) IIb/IIla in-
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hibitors in various clinical settings, including some
patients with high risk acute coronary syndromes
and many patients who undergo primary PCI for
acute MI (AMI). GP IIb/IIIa inhibitors have been
shown to improve microvascular reperfusion and,
consequently, clinical outcomes including reduced
re-infarction rate [2-5]. Intracoronary (IC) admini-
stration of GP IIb/IIla inhibitor may increase local
drug compared to intravenous (IV) treatment. It
may improve clinical outcomes in patients with
STEMI undergoing primary PCI. This alternative
approach has been investigated in several studies
to further characterize the clinical benefits of this
mode ofdrug delivery, but the results are still con-
troversial [6-10]. Ischemic injury after MI affects
not only systolic but also diastolic function of the
left ventricle (LV). Diastolic dysfunction is asso-
ciated with and may cause progressive LV dilation.
Futhermore, mortality is about 4 times higher in
patients with severe diastolic dysfunction after
AMI [11, 12]. The effects of IC administration of
GP IIb/IIIa inhibitors on diastolic function have not
been studied. Therefore, we tested the hypothesis
that IC bolus administration of a GP IIb/IIla inhibi-
tor exerts a superior effect on both LV systolic and
diastolic function compared to an IV bolus.

Methods

Patients

Between March 2007 and December 2008,
77 patients admitted into the Department of Heart
and Great Vessels, Sapienza University, Rome,
with their first STEMI undergoing primary PCI
were randomly assigned in a 1:1 ratio to receive
either IC or IV bolus GP IIb/IlIa inhibitor therapy
followed by continuous infusion. Inclusion crite-
ria were the presence of MI symptoms for less
than 12 hours in duration and ST elevation of at
least 0.1 mV in more than 2 limb leads or at least
0.2 mV in 2 or more contiguous precordial leads.
The study conforms to the principles outlined in
the Declaration of Helsinki and was approved by
our local research ethics committee. All patients
gave written informed consent.

Intravenous GP IIb/IIIa inhibitor group

The IV bolus GP IIb/IIIa inhibitor (abciximab:
0.25 mg/kg body weight or eptifabitide: 180 ug/kg
body weight) was given after stent deployment,
through the arterial sheath, and was followed by
a 12-hour abciximab (0.125 ug/kg/min) or 24-hour
eptifibatide (2.0 ug/kg/min) IV infusion, given their
different pharmacokinetic variables which might

influence their effect [13]. The decision to give
eptifibatide or abciximab was taken at the discretion
of the interventional cardiologist.

Intracoronary GP IIb/IlIa inhibitor group

Abciximab or eptifabitide was given as single
bolus after infarct related artery recanalization,
when the stent was deployed, directly through the
PCI guide catheter, followed by 12-hour abciximab
(0.125 wg/kg/min) or 24-hour eptifibatide (2.0 ug/
/kg/min) IV infusion.

Details of PCI and other adjunctive therapies

All stent deployments were preceded by bal-
loon predilatation. All patients received 300 mg
aspirin and heparin (70 U/kg) IV before PCI and
600 mg clopidogrel loading dose afterwards, follo-
wed by 75 mg daily for 12 months. All patients had
similar treatment for secondary prevention, which
was started in a coronary care unit, and then up-ti-
trated accordingly during the follow-up period. All
patients were still taking clopidogrel 75 mg when
they had their 12-month follow-up assessment.
Clopidogrel was not administered earlier in case
if patients had 3 vessel coronary artery disease or
left main disease requiring coronary artery bypass
graft surgery. All patients received low molecular
heparin for 48 hours after the procedure.

Echocardiography

All patients underwent an echocardiogram wit-
hin 3 days after their primary PCI. An echocardio-
gram at 12 months was possible for only 65 pa-
tients. Two patients died (1 from each group), 8
preferred to be followed up in another department
and 2 lived in a different region. Echocardiographic
results presented were analyzed by 1 single ob-
server (PP) blinded to the route of administration of
GP IIb/IIIa inhibitor therapy. The study was carried
out with Toshiba Aplio CV. Left ventricular end dia-
stolic (LVEDV) and end systolic volumes (LVESV)
were obtained from the apical 2- and 4-chamber
views, according to the Biplane Simpson’s method.
Left ventricular ejection fraction (LVEF) was
defined as (LVEDV-LVESV)/LVEDV X 100%.
Pulsed Doppler examination of the LV inflow was
performed with the sample volume placed between
the tips of the mitral valve leaflets and early dia-
stolic (E) wave, the atrial (A) wave, E/A ratio, and
the E deceleration time were measured. Pulsed
tissue Doppler imaging (TDI) was used to record
the velocity profile at the septal and lateral mitral
annulus and the peak systolic (S’), early diastolic
(E’) and atrial (A) velocity were recorded. The ratio
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Table 1. Patients characteristics.

Characteristics Intracoronary bolus Intravenous bolus P
(n = 38) (n = 39)
Age [range] 59 (39-77) 59 (41-82) 0.94
Male 34 (87%) 29 (76%) 0.21
Cardiovascular risk factors:
Hypertension 19 (48%) 20 (51%) 0.91
Smoker 20 (52%) 24 (61%) 0.43
Hypercholesterolemia 27 (71%) 28 (71%) 0.94
Diabetes mellitus 9 (23%) 8 (20%) 0.73
Anterior myocardial infarction 22 (58%) 22 (56%) 0.71
Cardiogenic shock 6 (15%) 3 (8%) 0.26
Peak troponin [ng/mL] 90.6 = 79.5 89.7 £ 75.9 0.95
Coronaries > 70% stenosis 1.7 £ 0.8 1.6 = 0.8 0.33
GP llb/llla inhibitor:
Abciximab 17 (45%) 18 (46%) 0.89
Eptifabitide 21 (55%) 21 (54%) 0.92

Patients characteristics: Continuous variables are showed as mean (standard deviation). Categorical variables are expressed as count (%).

between peak E and E’ recorded at lateral mitral
annulus was calculated to estimate LV filling pres-
sures (E/E’ 1at). Three left atrial (LA) dimensions
were obtained to calculate the LA volume. The
first (SA1) was measured by 2-dimensional guided
M-mode echocardiography obtained in the para-
sternal short axis view at the base of the heart, the
second (SA2) and the third (SA3) were obtained
measuring the short and the long axis dimensions
in the apical 4-chamber view at ventricular end-
systole. Volume was calculated by the formula 77/6
(SA1 x SA2 x SA3). All the parameters obtained
with pulsed wave Doppler and TDI were measured
from 3 cardiac cycles and then averaged. The EF
calculations were performed from 1 heart beat.

Statistical analysis

The effects of each route of administration on
LV volumes, systolic and diastolic function were
assessed by comparing the echocardiographic fin-
dings within 3 days after PCI with data obtained
at 1 year follow-up. The effects of the 2 routes of
administration of GP IIb/IIIa inhibitors (IV vs. IC)
on LV volumes, systolic and diastolic function were
compared using independent and paired samples
t-test for continuous variables. Proportions were
assessed using y” test. All variables were normally
distributed. Analyses were performed using SPSS
software, a p-value < 0.05 was considered statisti-
cally significant.

Results

Clinical characteristics

The study included 77 patients with a median
age of 59 (range 39-82) years; 38 were assigned
to IC and 39 to IV GP Ilb/IlIa bolus administration.
The baseline characteristics are shown in Table 1
and were similar in both groups. No differences
were found between the two groups in terms of
sex, age, cardiovascular risk factors, number of co-
ronary arteries with significant stenosis, presence
of anterior MI and peak troponin release.

Effects of different routes of administration
of GP Ilb/IIla inhibitors on left ventricular
function and remodeling

Overall, echocardiographic LV size, systolic
and diastolic function in the immediate post-
-infarction period were similar for the 2 routes of
administration (Table 2).

Compared with the immediate post-infarction
evaluation, LVEF was higher at 1 year, with no
significant differences between groups (IV: 44%
vs. 49%, p = 0.001; IC: 43% vs. 48%, p < 0.001).
Patients who received IC GP IIb/Illa inhibition
had a significant increase in LVEDV (from 120 mL
3 days after primary PCI to 139 mL at 1 year, p =
= 0.001). By way of contrast, there was no sig-
nificant increase in the LVEDV in the cohort who
received the IV GP IIb/IIla inhibitor bolus. Nev-
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Table 2. Echocardiographic measurements obtained during conventional transthoracic echocardiogra-
phy in patients who received intracoronary (IC) or intravenous (IV) bolus of GP llb/llla inhibitors (within
3 days from primary percutaneous coronary intervention [PCI] and at 1 year follow up).

3 days after primary PCI

1 year after primary PCI

IC bolus

IV bolus

IC bolus

IV bolus

(n = 38) (n = 39) P (n = 31) (n = 34) P
LVEDV [mL] 120 + 34 121 = 30 0.78 139 + 39 133 + 40 0.59
LVESV [mL] 65 + 31 68 + 23 0.71 73 £ 34 70 = 32 0.70
LVEF [%] 43.1 = 9.2 441 = 7.9 0.28 48.5 = 10.7 48.7 = 8.5 0.94
E DT [ms] 191 = 39 204 = 57 0.33 227 + 56 217 = 60 0.51
E/A ratio 098+026  111+047 012  103+059  1.03+053 097
TDI S: Septal [cm/s] 6.86 = 1.03 6.96 = 1.18 0.67 7.09 = 1.59 7.61 = 1.45 0.17
TDI E: Septal [cm/s] 6.24 + 1.67 7.45 + 2.44 0.01 6.89 + 2.08 7.22 + 1.93 0.50
TDI A: Septal [cm/s] 8.68 + 1.77 8.66 + 1.82 0.93 8.95 + 2.46 9.53 + 2.23 0.32
TDI S: Lateral [cm/s] 7.23 £ 1.16 7.32 £ 1.22 0.93 8.01 = 1.97 8.15 + 1.89 0.76
TDIE: Lateral [om/s] ~ 9.25 + 242 9.49 + 2.6 067  879+269  963+264 021
TDI A: Lateral [cm/s] 9.03 + 1.78 8.82 + 2.02 0.64 9.55 + 3.27 9.45 + 3.17 0.89
LA volume [mL] b4 + 20 b8 + 14 0.28 63 = 25 63 = 16 0.27
E/E’ lateral 7.68 + 2.88 7.92 + 3.76 0.79 7.81 + 3.39 7.57 + 2.89 0.24

LVEDV — left ventricular end diastolic volume; LVESV — left ventricular end systolic volume; LVEF — left ventricular ejection fraction;

DT — deceleration time; LA — left atrium; TDI — tissue Doppler imaging

ertheless, at 1 year LVEDV were similar for both
groups of patients (139 + 39 mL vs. 133 = 40 mL,
p = 0.59) and this apparent difference between the
2 routes of administration was also not statistically
significant (19.7 mL in the IC cohort vs. 12.6 mL
in the IV cohort, p = 0.33; Table 3).

Also, peak systolic and diastolic velocities
recorded with TDI at the septal or lateral mitral
annulus were not different between the two groups
at 3 days post PCI or at 1 year follow-up (Table 2).

Overall, LV diastolic function did not change
between the immediate post-infarction assessment
and 1 year with either method of administration.
Neither approach altered the patients’ E/E’, the
key parameter for LV diastolic function evaluation.
A statistically significant increase in E deceleration
time was found at 1 year in the group treated with
IC GP IIb/IIIa inhibitors (191 ms [at 3 days] vs.
227 ms [at 1 year], p = 0.001) and these patients
ended up with greater LA volume at 1 year (63 mL),
compared with 3 days post PCI (54 mL, p = 0.018).
However, LA volume and E deceleration time did
not different between these two groups 3 days after
PCI or after 1 year follow-up (Table 2).

Discussion

LV systolic function improved by a similar
extent following primary PCI with both IC and

IV bolus of GP IIb/IlIa inhibitor adjunctive therapy.
Neither IV nor IC bolus administration of a GP
[Ib/IIIa inhibitor appeared to significantly alter LV
diastolic function at 1 year.

Platelet GP IIb/IIla inhibitors block the final
pathway of platelet aggregation. Following the
publication of several randomized trials [14-16] and
2 meta-analyzes [17, 18], the revised ACC/AHA
STEMI guidelines in 2009 [19] focused on the role
of IV administration of GP IIb/IIla inhibitors in this
setting. The use of GP IIb/IIla receptor inhibitors
was reviewed by the Task Force who concluded
that, in the era of dual-antiplatelet therapy with
heparin or bivalirudin, the evidence indicated that
adjunctive use of a GP IIb/Illa antagonist could be
useful in selected patients at the time of primary
PCI but could not be recommended as routine the-
rapy. This is because treatment with these agents
did not result in a statistically significant differen-
ce in 30-day mortality or re-infarction or urgent
target vessel revascularization. These questions
are still debated and 2 recent meta-analyzes [20,
21] concluded that, compared to the IV route, IC
administration of GP IIb/Illa had favourable effects
in reducing short-term mortality after PCI. How-
ever, results from AIDA STEMI, the largest trial
assessing clinical outcomes in patients receiving
IC abciximab [22], did not demonstrate a favourable
effect of IC vs. IV approach. These results have
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Table 3. Analysis of variations in systolic and diastolic echocardiographic measurements in patients
treated with intracoronary (IC) or intravenous (IV) bolus of GP lIb/llla inhibitors between baseline (within

3 days after percutaneous coronary intervention) and 1 year follow up.

IC bolus (n = 31) IV bolus (n = 34) P
LVEDV [mL] 19.67 += 30.34 12.58 + 28.53 0.33
LVESV [mL] 8.44 + 30.09 2.06 = 21.33 0.32
LVEF [%] 5.38 = 7.16 4.50 += 7.01 0.61
E DT [ms] 35.71 = 72.38 12.44 + 77.96 0.22
E/A ratio 0.17 = 0.53 -0.05 + 0.57 0.61
TDI S: Septal [cm/s] -0.56 + 2.03 0.45 + 1.55 0.10
TDI E: Septal [cm/s] 0.94 + 2.68 -0.27+ 2.70 0.16
TDI A: Septal [cm/s] -1.03 * 3.37 0.48+ 1.88 0.08
TDI S: Lateral [cm/s] -0.41 £ 2.92 -0.02 = 2.38 0.62
TDI E: Lateral [cm/s] -0.31 = 2.58 0.60 = 2.74 0.31
TDI A: Lateral [cm/s] -1.01% 3.1 0.46 + 2.91 0.14
LA volume [mL] 8.57 + 18.98 4.41 = 15.71 0.34
E/E’ lateral 0.12 = 4.01 -0.35 + 4.29 0.64

LVEDV — left ventricular end diastolic volume; LVEVS — left ventricular end systolic volume; LVEF — left ventricular ejection fraction;

DT — deceleration time; LA — left atrium; TDI — tissue Doppler imaging

been attributed to be due to the fact that patients
were at low risk of adverse events and the study
ended up with inadequate power in assessing
mortality [23]. The same authors added the AIDA
results in a meta-analysis of available trials, and
concluded that there was no longer any evident
superiority of IC over IV abciximab administration
in STEMI patients [23]. Interestingly, the AIDA
STEMI trial [22] showed that the adjunctive use
of an IC bolus may reduce the rate of new onset
of heart failure at 3 months after an acute event
compared with an IV bolus: this end point might
be considered an important target of therapy and
may be related to an effect on LV filling pressures.
In fact, non-invasive estimation of high LV filling
pressures after a MI is one of the most powerful
predictors of poor outcome [12], more than other
measures of the LV systolic function.
Intracoronary bolus administration of GP IIb/
/Ila inhibitors may increase local drug levels and it
may improve LV function in patients with STEMI
undergoing primary PCI. In a seminal paper Neu-
mann et al. [24] demonstrated that the addition
of adjunctive IV abciximab therapy resulted in
improved global LVEF 2 weeks (but not immedi-
ately) after stent placement. This could probably be
explained by myocardial stunning which took some
time to resolve. Further, in an magnetic resonance
imaging (MRI) study, Thiele and colleagues found
no significant improvement in LVEF and volumes

1 to 4 days after an acute STEMI [6]. Thus, our
first echocardiogram performed within 3 days after
a STEMI appears representative of LV function
post-MI. Overall, there was no significant diffe-
rence between the effects of IC and IV administra-
tion of GP IIb/IIIa inhibitors on LV systolic function
at 1 year of follow-up. A recent paper by Eitel et
al. [25] examined 6-month follow-up data of 154
STEMI patients undergoing PCI randomized to
either IC or IV abciximab with subsequent 12 hours
IV infusion. They found the infarct size as assessed
by delayed enhancement MRI was significantly
reduced in the IC abciximab group. In keeping with
the findings of the present study, as expected, IC
abciximab was also found in their study to have
improved LVEF. Thus, we can be confidant that IC
GP IIb/IlIa inhibitor delivery results in improved
LVEF 6 months after MI, and this improvement
appears to be maintained at 12 months. However,
in contrast to our findings, Eitel et al. [25] reported
no improvement in LVEF if patients were given IV
abciximab. This observation by Eitel’s group is also
at odds against the finding reported by Neumann
et al. [24] as we discussed earlier.

The recently reported ICE trial [8] showed IC
eptifibatide during PCI for ACS resulted in higher
local platelet GP IIb/IIIa receptor occupancy, which
was associated with better microvascular perfu-
sion demonstrated by an improved corrected TIMI
frame count. However, as in our study, a loading
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dose of clopidogrel was administered after comple-
tion of PCI. In the larger CICERO trial [26], patients
were pre-treated with clopidogrel. The primary
end point was the incidence of restored myocar-
dial reperfusion, defined as complete ST-segment
resolution. Secondary end points included myocar-
dial reperfusion as assessed by myocardial blush
grade, enzymatic infarct size, and major adverse
cardiac events at 30 days. The incidence of com-
plete ST-segment resolution was similar in the IC
and IV groups. However, the incidence of myo-
cardial blush grade 2/3 was higher in the IC group
than in the IV group. Moreover, enzymatic infarct
size was smaller in the IC than in the IV group.
Nevertheless, disappointingly, the incidence of
major adverse cardiac events was similar in both
groups (5.5% vs. 6.1%, p = 0.786). Eitel et al. [25]
also noted that although there was MRI evidence
of smaller infarct size in the IC group, this did not
translate into improvement in event free survival.
Thus, there was no significant difference between
the 2 strategies in hard outcome such as death,
reinfarction or target vessel revascularization at
6 months.

The IC approach has been investigated in
several studies but none of them studied LV dia-
stolic function as a primary endpoint. Our pilot
study adds to the existing literature and debate
in several important ways. First, we have pain-
stakingly studied LV diastolic function and did not
observe any significant difference between the
2 treatment strategies in their ability to alter LV
diastolic function at 1 year. LV filling pressures
had been examined measuring the flow velocities
across the mitral valve during early diastole and
during atrial filling (E/A ratio) for decades [27],
but it is difficult to distinguish the normal pattern
and the “pseudonormal” pattern seen in moder-
ate diastolic dysfunction. The use of TDI and the
E/E’ ratio has been nowadays widely introduced in
clinical practice because it is less load dependent
and offers a good estimation of LV filling pressures
[28]. Neither IV or IC approach altered the patients’
E/E’ following primary PCI at 1 year. Second, our
longer duration of follow-up of 1 year may have
explained some of the differences between our
study and that of Eitel et al. [25]. We do not have
interim 6 months follow-up data for comparison.
However, we found LVEF improved similarly with
both IC and IV strategies.

Limitations and ideas for future research
Our study is small and cannot exclude subtle
differences between routes of administration. Fur-

ther studies focusing on the improvement of long-
-term diastolic function are warranted, however,
a large effect seems unlikely.

The pain to balloon time was not available for
all patients and it has not been considered in our
analysis. Nevertheless, the ventricular function
was similar 3 days after MI for both groups, which
makes it unlikely that one group included more
patients who had much longer pain to needle time,
which would have led to worse ventricular function.
In any case, they all had their primary PCI within
12 hours of pain onset.

We did not assess parameters which could give
information about restoration of myocardial perfu-
sion after PCI. However, in the large AIDA STEMI
[22], an IC bolus of GP IIb/IIIa inhibitors did not
result in a difference in infarct size or improved
perfusion as compared with an IV bolus.

Our study allowed the use of eptifibatide or
abciximab (at the discretion of the cardiologist).
Nevertheless, they appear similarly effective in
the primary PCI setting [29].

Thrombus aspiration device was not used
prior to balloon angioplasty and stent implantation.
As discussed earlier, however, in patients under-
going primary PCI with thrombus aspiration, IC
administration improved myocardial reperfusion
as assessed by myocardial blush grade and led
to a smaller enzymatic infarct size but it did not
improve the primary endpoint of that study, i.e.
ST-segment resolution.

We did not consider target vessel revasculariza-
tion and mortality as end point in our study given the
small number of patients and the limited number of
events expected. However, a recent study has shown
that the IC use of GP IIb/Illa decreased target vessel
revascularization [30] despite the fact that its overall
rate (6.5%) was relatively high, as the authors pointed
out themselves. Remarkably, further, the study found
an absolute reduction of mortality at 30 days from
5.3% in the IV group to 1.1% in the IC group.

There remain several unresolved issues —
whether there remains benefit in the era of new
antiplatelet therapies and also whether there is be-
nefit when used in addition to thrombectomy. Fur-
ther, we did not consider the incidence of bleeding
as secondary end-point. However current evidence
suggests no difference in bleeding complications
between the two different strategies [21, 31].

Clinical implications

Current evidence indicates that adjunctive use
of a GP Ilb/II1a antagonist can be useful in selected
patients and there is a general consensus amongst
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the interventional cardiology research community
that IC bolus of GP IIb/IIla inhibition is (probably)
superior to IV in terms of improving outcome (dri-
ven by differences at 30 days). However, there is
still no study that is adequately powered to look at
this properly with respect to a difference in death
in particular over a longer period of time.

Even if the IC route has the theoretical advan-
tages of improving GP IIb/IIla receptor occupancy,
as well as improving perfusion and reducing infarct
size, in our present pilot study, a different route of
administration influenced neither the improvement
in LVEF nor diastolic function at 1 year.

Conclusions

LV systolic function improved by a similar mag-
nitude with both IC and IV bolus administration of
GP IIb/IIIa inhibitor therapy during primary PCI.
No substantial differences between the effects of
IV or IC bolus administration of a GP IIb/IIIa inhibitor
on LV diastolic function were observed during pri-
mary PCI for first-time STEMI at 1 year follow-up.

Conflict of interest: none declared
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