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Focus on the COCTAIL study

  Clinical trial Commentary

Percutaneous coronary intervention (PCI), when accomplished rapidly and by experienced operators, is a 
highly effective therapy for acute ST-elevation myocardial infarction (STEMI). However, there is ample room 
for improvement, as there is a significant proportion of patients with coronary thrombus at the time of the 
procedure, which can lead to distal embolization and microvascular impairment when the clot is mechanically 
dislodged. A promising novel solution to ameliorate the outcome of angioplasty for acute coronary syndromes 
resides in the combined use of pharmacological and catheter-based therapies to increase local concentration 
of drugs such as glycoprotein IIb/IIIa inhibitors at the culprit site, prolonging their residency time. The 
administration of abciximab through the ClearWay™ RX therapeutic infusion catheter proved to be a valid 
solution, as in vitro data suggests that, at high concentrations (nearly 500 times the usual systemic dose), 
abciximab disaggregates existing clots. The COCTAIL study was specifically designed to verify whether 
administration of abciximab by local intracoronary infusion through ClearWay RX was capable of reducing 
thrombus burden as compared with traditional intracoronary guide catheter infusion modality in patients 
with acute coronary syndromes, either with STEMI or non-STEMI. Broad clinical inclusion criteria were 
selected to test the efficacy of such a local drug delivery approach, regardless of the amount of thrombus 
burden. A total of 50 patients were randomized. The mean percentage change of the thrombus score was 
significantly higher among patients of the ClearWay RX catheter group compared with those in the guiding 
catheter group (33.8 vs 3.9%; p = 0.002). Local intracoronary infusion of abciximab by means of a dedicated 
therapeutic infusion catheter was able to reduce thrombus burden in patients with acute coronary syndromes.
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Intracoronary thrombosis is the final event in the 
pathophysiologic process leading to acute coro-
nary syndrome. Percutaneous interventions in 
this unfavorable clinical setting, and particularly 
in ST-elevation myocardial infarction (STEMI), 
can be hampered by the dislodgment of throm-
bus components and cholesterol debris from the 
lipid-rich plaques. This can lead to microvascular 
impairment and, in the worst scenario, to the no-
reflow phenomenon. Platelet–fibrin aggregates 
in the distal bed stimulate an inflammatory cas-
cade that can perpetuate myocardial edema as 
well as vessel spasm and endothelial dysfunction. 
These processes may be associated with myo-
cyte necrosis even after successful reperfusion 
of the epicardial artery [1]. In addition, follow-
ing reperfusion, leukocyte transmigration and 
consequent free-radical injury to myocytes can 
occur, which can compound microvascular dys-
function with endothelial dysfunction, resulting 
in further extension of infarction.

In recent years, drug strategies such as glyco-
protein IIb/IIIa inhibitors, filters and aspiration 
devices have been tested to prevent thrombus 
microembolization [2–5]. 

Glycoprotein IIb/IIIa inhibitors, infused 
through a systemic route, are shown to reduce 
percutaneous coronary intervention (PCI) com-
plications, improving epicardial and tissue-level 
perfusion [6]. Intracoronary administration of 
the glycoprotein IIb/IIIa inhibitor, abciximab, 
potentially increases platelet glycoprotein IIb/
IIIa receptor occupancy in the infarct-related 
artery and can provide additional clinical benefit 
compared with the standard intravenous admin-
istration [7]. However, even this modality of 
guiding catheter delivery does not allow optimal 
contact between the drug and the vessel wall 
as the drug is rapidly washed away. Recently, 
the CICERO (Comparison of Intracoronary 
Versus Intravenous Abciximab in ST-Segment 
Elevation Myocardial Infarction) trial deter-
mined the effect of intracoronary versus intra-
venous administration of abciximab in STEMI 
patients undergoing primary PCI. The primary 
end point, the incidence of restored myocardial 
reperfusion, defined as complete ST-segment 
resolution, was similar in the intracoronary and 
intravenous groups. However, the secondary end 
points of myocardial reperfusion as assessed by 
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myocardial blush grade and infarct size (in the 
subset of evaluable patients) were improved in 
the intracoronary group. 

A novel promising solution to ameliorate the 
outcome of angioplasty in STEMI resides in the 
combined use of pharmacological and catheter-
based invasive therapies.

The ClearWay™ RX therapeutic infusion 
catheter (Atrium Medical Corporation, Hudson, 
NH, USA) proved to be a valid solution to increase 
local concentration of the drug, prolonging its resi-
dency time. In vitro data suggests that at high con-
centrations (nearly 500-times the usual systemic 
dose), abciximab disaggregates existing clots.

The COCTAIL (ClearWay™ RX System 
to Reduce Intracoronary Thrombus in Patients 
with Acute Coronary Syndromes According to 
Optical Coherence Tomography after Abciximab 
Intracoronary Local Infusion) study was specifi-
cally designed to verify whether administration 
of abciximab by local intracoronary infusion 
through ClearWay RX was capable of reducing 
thrombus burden as compared with the modality 
of traditional guiding catheter infusion. The sec-
ondary objective was to address postintervention 
assessment of coronary microcirculatory function. 

Study design & patient selection
The COCTAIL study was a randomized, open-
label, multicenter trial with blinded assessment 
of the study end points.

According to the study design, the study popu-
lation consisted of patients with unstable angina/
non-STEMI in which an invasive approach was 
planned, and patients with STEMI undergoing 
primary PCI. Owing to safety reasons, patients 
with STEMI were not randomized if the infarct-
related artery was totally occluded. Patients were 
randomized if they had a significant lesion in the 
culprit artery indicative of local thrombosis or 
haziness suggestive of thrombus.

Randomized patients entered the final analy-
sis if they had a thrombus score ≥50 according 
to the optical coherence tomography (OCT) 
independent core laboratory.

�� Randomization & treatment
Before PCI, patients were randomly assigned to 
receive local delivery of abciximab through the 
ClearWay RX catheter (CW group) or intrac-
oronary infusion of abciximab via the guiding 
catheter (GC group), with the use of a randomi-
zation scheme devised and implemented by the 
study statistician.

The ClearWay RX therapeutic perfusion 
catheter is a microporous balloon catheter 

that acts as a low-pressure irrigating system 
for localized perfusion of therapeutic agents 
into the coronary vasculature. The device 
is a rapid exchange perfusion catheter, 0.014 
inches guidewire compatible, and is available 
in 1.0–2.0-mm balloon diameters.

All patients underwent baseline angiography 
and OCT assessment before abciximab admin-
istration. Patients in the local delivery group 
received a bolus dose of abciximab (0.25 mg/kg) 
delivered with ClearWay RX, whereas patients in 
the control group received the same bolus dose of 
abciximab delivered through the guiding catheter.

Both groups received postprocedural infu-
sion of abciximab for the ensuing 12 h at the 
recommended dosage, aspirin 81–325  mg 
orally as soon as possible, clopidogrel with a 
loading dose of 600 mg after the completion of 
PCI and unfractionated heparin following the 
standard protocol. 

�� End points & definitions
The primary end point was the change of the 
thrombus burden defined by the thrombus 
score, as detailed in the following sections. 
Secondary end points were postprocedural cor-
rected thrombolysis in myocardial infarction 
frame count, myocardial blush grade, procedure-
related myocardial infarction (MI), and 30-day 
and 1-year rates of major adverse cardiac events 
(MACE), defined as the composite of death 
from any cause, reinfarction,or target lesion 
revascularization.

Procedure-related MI was diagnosed if the 
creatine kinase-myocardial band level increased 
to twice the upper limit of normal or twice the 
last non-normalized measurement. The OCT 
image acquisition was performed at baseline 
and after abciximab administration to docu-
ment changes in the thrombus score, using the 
time domain M2 and M3 technology (LightLab 
Imaging, Inc., Westford, MA, USA) and adapt-
ing the nonocclusive technique of acquisition 
[8–10]. Thrombus score grading was based on 
the count of the number of quadrants involved 
by thrombus. By applying this method, in each 
cross-section, the thrombus indentified by OCT 
in the culprit lesion site was classified as absent 
or subtending 1, 2, 3 or 4 quadrants. Hence, 
the score was calculated as the sum of each 
cross-section score (Figure 1). 

Statistical analysis
We estimated that we had to enroll 40 patients 
to achieve a power of 80%, with a two-sided 
significance level of 0.05, to detect a 25% 
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difference in the primary end point reduction 
in patients who underwent local intracoronary 
abciximab delivery through ClearWay RX as 
compared with those who underwent intra-
coronary bolus administration through the 
guiding catheter.

Categorical variables were presented as 
counts and percentages and compared by means 
of the chi-square test or Fisher exact test when 
at least 25% of values showed an expected cell 
frequency below five. Continuous variables 
were normally distributed and therefore pre-
sented as mean plus or minus standard devia-
tion and compared by Student unpaired t test 
for between-group comparison and paired t test 
for within-group comparison. For all analyses, 
a two-sided p-value of ≤0.05 was considered 
statistically significant.

Results
�� Study population

During the study period, 50 out of 87 screened 
patients at three sites in Europe matched the eli-
gibility criteria and, before PCI, were randomly 
assigned to undergo local delivery of abciximab 
through ClearWay RX (n  =  25) or intracoro-
nary delivery of abciximab through the guiding 
catheter (n = 25). 

Nine patients (five in the local delivery group 
and four in the standard delivery group) were 
excluded for the following reasons: inability to 
match segments, no appropriate OCT acquisi-
tion and insufficient thrombus score. In total, 47 
stents have been deployed in the 41 patients that 
entered the final analysis. Three patients in the CW 
group and three in the GC group had two stents 
implanted overlapping to cover the target lesion.

Figure 1. Thrombus score is obtained by calculating the number of quadrants involved by thrombus. By applying this method, 
in each cross-section, the thrombus indentified by OCT in the culprit lesion site is classified as absent or subtending 1, 2, 3 or 4 
quadrants. In the present example, the total score, which is calculated as the sum of each cross-section score, equals 31. 
OCT: Optical coherence tomography.
Image provided by the catheterization laboratory of San Giovanni Hospital, Rome, Italy.
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The baseline clinical characteristics, includ-
ing age and cardiovascular risk factors, were 
well-balanced in the two arms of the study 
(Table 1).

A STEMI was the clinical presentation in 
40% of patients in the CW group and 36% 
of patients in the GC group. Minimal lumen 
diameter, reference vessel diameter and steno-
sis diameter before intervention did not differ 
between the study groups. After the interven-
tion, the mean residual diameter stenosis was 

significantly lower in the CW group (5.9 ± 3.3 
vs 11.2 ± 9.1%; p = 0.022) and MLD tended to 
be increased (2.64 ± 0.34 vs 2.49 ± 0.38 mm; 
p = 0.20) (Table 2).

�� Thrombus burden
Thrombus score changes were assessed in 41 
of the 50 randomized patients (82%). Nine 
patients (five in the CW group and four in the 
GC group) were excluded at the core laboratory 
analysis due to a suboptimal acquisition. 

Table 1. Baseline clinical characteristics.

Intracoronary abciximab 
through the perfusion 
catheter, n = 25 (%)

Intracoronary abciximab 
through the guiding catheter, 
n = 25 (%)

p-value

Age 62.7 ± 9.2 64.4 ± 10.3 0.544

Male 18 (72) 17 (68) 0.758

Hypertension 19 (76) 18 (72) 0.747

Diabetes mellitus 9 (36) 7 (28) 0.544

Hyperlipidemia 14 (56) 16 (64) 0.564

Smoking 12 (48) 8 (32) 0.248

Family history 8 (32) 5 (20) 0.333

Prior MI 4 (16) 3 (12) 1.000

Prior CABG 2 (8) 1 (4) 1.000

Clinical presentation (p = 0.816)

Unstable angina 3 (12) 2 (8)

NSTEMI 12 (48) 14 (56)

STEMI 10 (40) 9 (36)

Target vessel (p = 0.789)

LMT 1 (4) 0 (0)

LAD 9 (36) 10 (40)

LCx 9 (36) 9 (36)

RCA 6 (24) 6 (24)
CABG: Coronary artery bypass graft; LAD: Left anterior descending; LCx: Left circumflex; LMT: Left main trunk;  
MI: Myocardial infarction; NSTEMI: Non-ST-elevation myocardial infarction; RCA: Right coronary artery;  
STEMI: ST-elevation myocardial infarction.
Data taken from [11].

Table 2. Procedural profile and results of quantitative coronary angiography.

Intracoronary 
abciximab through 
the perfusion 
catheter (n = 25)

Intracoronary abciximab 
through the guiding 
catheter (n = 25)

p-value

Minimal lumen diameter (mm)

Before angioplasty 0.57 ± 0.38 0.61 ± 0.33 0.779

After angioplasty 2.64 ± 0.34 2.49 ± 0.38 0.201

Reference vessel diameter (mm)

Before angioplasty 2.55 ± 0.52 2.49 ± 0.42 0.617

After angioplasty 2.82 ± 0.40 2.82 ± 0.37 0.921

Diameter stenosis (%)

Before angioplasty 78.7 ± 11.5 75.2±13.5 0.444

After angioplasty 5.94 ± 3.27 11.21±9.07 0.022
Values are expressed as mean ± standard deviation.
Data taken from [11].
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In the overall study population, thrombus 
scores at baseline and after the procedure were 
98.3 ± 50.0 and 77.1 ± 48.9, respectively. The 
absolute thrombotic burden defined by the 
thrombus score was similar at baseline between 
patients in the CW group and those in the GC 
group (106.8 ± 50.0 vs 90.5 ± 48.4; p = 0.272). 
After abciximab administration, the throm-
bus score was 68.8 ± 44.8 in the CW group 
and 85.4 ± 52.7 in GC group (p = 0.393). As 
a result, the absolute change of the thrombus 
score after the procedure was significant in the 
CW group and not significant in the GC group. 
Accordingly, the mean percentage change of the 
thrombus score (primary end point) was signifi-
cantly higher among patients of the CW group 
compared with those of the GC group (33.8 vs 
3.9%; p = 0.002).

�� Myocardial reperfusion, 30-day & 
1-year clinical outcome
In the CW group, the postprocedural corrected 
thrombolysis in myocardial infarction frame 
count was shorter compared with the GC group 
(15.3 ± 10.2 vs 21.1 ± 9.9; p = 0.049). A myocar-
dial blush grade of 0 or 1 occurred in no patients 
of the CW group and in 5.9% patients of the GC 
group. Postprocedural mean myocardial blush 
grade did not differ between groups (2.78 ± 0.43 
vs 2.59 ± 0.62; p = 0.303). However, procedure-
related MI was detected in 10% of patients in 
the CW group and 43% of patients in the GC 
group (p = 0.018).

There were no clinical events at 30 days in 
either group. Conversely, at 1  year, MACE 
were observed in 5.9% of patients in the CW 
group versus 27.2% of those in the GC group 
(p  =  0.046), driven by a higher rate of tar-
get lesion revascularization in the GC group 
compared with the CW group (21.6 vs 5.9%; 
p = 0.126).

Conclusion
The COCTAIL study showed that local intracor-
onary delivery of abciximab by means of a dedi-
cated low-pressure, microporous balloon catheter 
(ClearWay RX) significantly reduces thrombus 
burden with the potential to improve coronary 
microcirculation and reduce major event rates.

Future perspective
Clinical results of primary angioplasty are still 
hampered by the consequences of thrombus 
embolization. The TAPAS study provided a 
clear demonstration that technical solutions 
alternative to coronary angioplasty with stenting 

can ameliorate the clinical outcome of primary 
angioplasty. A question to be addressed is 
whether clot aspiration will be the only solu-
tion to be pursued in the coming years. The 
COCTAIL study showed that other technical 
strategies may have a role.

Unpublished OCT data from our center 
reveal that thrombus aspiration remove 45% of 
the baseline thrombus burden, measured apply-
ing the thrombus score, that has been validated 
in the COCTAIL study. These preliminary data 
indicate that thrombo-aspiration may poten-
tially remove a greater proportion of thrombus in 
comparison with what was observed after abcix-
imab administration through the ClearWay RX. 
In fact, this latter technical solution led to a 35% 
reduction in the thrombus burden. 

In the coming years, comparative studies 
between thrombo-aspiration, local intracoronary 
administration of glycoprotein IIb/IIIa inhibi-
tors and the multimodal approach combining 
both techniques of thrombo-aspiration and local 
intracoronary administration of glycoprotein IIb/
IIIa inhibitors will identify the best transcatheter 
therapy to treat patients with myocardial infarc-
tion. It is likely that therapies of local delivery 
will lead to a smaller thrombus removal but this 
relative draw-back will be possibly offset by the 
mechanical action that abciximab can exert in 
the microcirculatory district, to improve distal 
myocardial flow.

The landmark studies on the upstream IV 
administration of glycoprotein IIb/IIIa inhibi-
tors unexpectedly provided negative data. For any 
anti-thrombotic drug there is a price to be paid 
as the stronger the effect, the higher the risk of 
causing hemorrhagic complications. Upstream 
IV strategies seem to enhance the hemorrhagic 
risk and in the future researchers and the indus-
try will probably focus on the best strategy to 
be applied in the catheter laboratory to restore 
coronary patency.

Furthermore, the advent of novel drug in the 
clinical arena will further improve treatment of 
STEMI. It is reasonable to foresee a reduction 
in the incidence of acute/subacute and late stent 
thrombosis due to a more aggressive thrombus 
removal and by the adoption of more efficient 
thienopyridines such as prasugrel and ticagrelor. 

Information resources
�� Prati F, Capodanno D, Pawlowski T et al.: 
Local delivery versus intracoronary infusion of 
abciximab in patients with acute coronary syn-
dromes. JACC Cardiovasc. Interv. 3(9), 928–
934 (2010).
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�� Bezerra HG, Costa MA, Guagliumi G, Rollins 
AM, Simon DI: Intracoronary optical coher-
ence tomography: a comprehensive review 
clinical and research applications. JACC 
Cardiovasc. Interv. 2, 1035–1046 (2009).

�� Topol EJ, Byzova TV, Plow EF: Platelet GPIIb-
IIIa blockers. Lancet 353, 227–231 (1999).

�� Moser M, Bertram U, Peter K, Bode C, 
Ruef J: Abciximab, eptifibatide, and tirofiban 
exhibit dose-dependent potencies to dissolve 
platelet aggregates. J. Cardiovasc. Pharmacol. 
41, 586–592 (2003).

�� Vlaar PJ, Svilaas T, van der Horst IC et al.: 
Cardiac death and reinfarction after 1 year 
in the Thrombus Aspiration during Percuta-
neous coronary intervention in Acute myo-
cardial infarction Study (TAPAS): a 1-year 
follow-up study. Lancet 371, 1915–1920 
(2008).

�� Bartorelli AL, Trabattoni D, Galli S, Grancini 
L, Cozzi S, Ravagnani P: Successful dissolution 
of occlusive coronary thrombus with local 
administration of abciximab during PTCA. 
Catheter Cardiovasc. Interv. 48, 211–213 
(1999).
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Executive summary
Mechanism of action of abciximab
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These include microvascular and endothelial dysfunction resulting in further extension of infarction.
�� Abciximab antagonizes platelet-fibrin aggregates, leukocyte transmigration and consequent free-radical injury to myocytes. 
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Mechanism of abciximab administration through ClearWay™ RX
�� ClearWay RX is a microporous polytetrafluoroethylene balloon catheter, which acts as a low pressure (1 atm) irrigating infusion system 

able to deliver abciximab at high concentrations directly to the site of thrombus. 
�� During inflation, abciximab is infused through the microporous balloon pores at a dose of 0.25 mg/kg delivered with the infusion 
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�� Controlled infusion at 1 atm throughout the entire length of the targeted treatment zone provides increased residence time and uptake.
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�� Significant reduction in thrombus burden.
�� Improvement in microcirculatory index.
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