
n

470

© Europa Edition 2012. All rights reserved.

C L I N I C A L  R E S E A R C H

EuroIntervention 2
0

12
;8

:470-476   
D

O
I: 10.4

2
4

4
/E

IJV8
I4

A
7

4

Time-related impact of distal embolisation on myocardial 
perfusion and survival among patients undergoing primary 
angioplasty with glycoprotein IIb-IIIa inhibitors: insights from 
the EGYPT cooperation
Giuseppe De Luca1*, MD; C. Michael Gibson2, MD; Kurt Huber3, MD; Dariusz Dudek4, MD; Donald Cutlip5, MD; 
Uwe Zeymer6, MD; Maryann Gyongyosi7, MD; Francesco Bellandi8, MD; Marko Noc9, MD;  
Hans-Richard Arntz10, MD; Mauro Maioli8, MD; Gioel Gabrio Secco1, MD; Simona Zorman9, MD;  
H. Mesquita Gabriel11, MD; Ayse Emre12, MD; Tomasz Rakowski4, MD; Arnoud W.J. van’t Hof 13, MD; on 
behalf of the EGYPT cooperation

1. Division of Cardiology, “Maggiore della Carità” Hospital, Eastern Piedmont University, Novara, Italy; 2. TIMI Study Group, 
Beth Israel Deaconess Medical Center, Boston, MA, USA; 3. 3rd Department of Medicine (Cardiology and Emergency Medicine) 
Wilhelminenspital, Vienna, Austria; 4. II Department of Cardiology, Institute of Cardiology, Jagiellonian University, Krakow, 
Poland; 5. Interventional Cardiology Section, Beth Israel Deaconess Medical Center, Boston, MA, USA; 6. Division of Cardiology, 
Herzzentrum Ludwigshafen, Ludwigshafen, Germany; 7. Department of Cardiology, Medical University of Vienna, Vienna, Austria; 
8. Division of Cardiology, Prato Hospital, Prato, Italy; 9. Center for Intensive Internal Medicine, University Medical Center, 
Ljubljana, Slovenia; 10. Medizinische Klinik II, Kardiologie und Pulmologie, Charité - Universitätisklinikum Campus Benjamin 
Franklin, Berlin, Germany; 11. Division of Cardiology, Hospital de Santa Maria, Lisbon, Portugal; 12. Siyami Ersek Thoracic and 
Cardiovascular Surgery Center, Istanbul, Turkey; 13. Division of Cardiology, Hospital “De Weezenlanden”, Zwolle, The Netherlands

Abstract
Aims: Considerable interest has been focused in recent years on the role of distal embolisation as a major determinant 
of impaired reperfusion after primary angioplasty for STEMI. The aim of the current study was to evaluate in a 
large cohort of STEMI patients undergoing primary angioplasty with glycoprotein (Gp) IIb-IIIa inhibitors, whether 
the impact of distal embolisation on myocardial perfusion and survival may depend on time-to-treatment.

Methods and results: Our population is represented by 1,182 patients undergoing primary angioplasty for 
STEMI included in the EGYPT database. Patients were grouped according to time-to-treatment (<3 hours, 
3-6 hours, >6 hours). Distal embolisation was defined as an abrupt “cutoff” in the main vessel or one of the coro-
nary branches of the infarct-related artery, distal to the angioplasty site. Myocardial perfusion was evaluated by 
angiography or ST-segment resolution, whereas infarct size was estimated by using peak creatine kinase (CK) and 
CK-MB. Follow-up data were collected between 30 days and one year after primary angioplasty. Distal embolisa-
tion was observed in 132 patients (11.1%) and tended to occur more frequently in late presenters (p=0.067). 
Patients with distal embolisation less often had post-procedural Thrombolysis In Myocardial Infarction (TIMI) 3 
flow (p<0.001), post-procedural myocardial blush grade (MBG) 2-3 (p<0.001), complete ST-segment resolution 
(p=0.021) and larger infarct size (p=0.012). Distal embolisation was associated with a significantly higher mortal-
ity (9.2% vs. 2.7%, heart rate [HR] [95% CI]=3.41 [1.73-6.71], p<0.0001). The impact of distal embolisation on 
myocardial perfusion and survival persisted for all time intervals.

Conclusions: This study showed that among STEMI patients treated with Gp IIb-IIIa inhibitors, the nega-
tive impact of distal embolisation on myocardial perfusion and mortality is independent of the time from 
symptom onset to balloon angioplasty.
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Introduction
Primary angioplasty as compared to thrombolysis has been shown to 
improve survival mainly due to a large percentage of restoration of 
TIMI 3 flow1,2. However, epicardial recanalisation does not guaran-
tee optimal myocardial perfusion, which remains suboptimal in a 
relatively large proportion of patients3,4. In recent years, increased 
interest has been focused on the role of distal embolisation as a major 
determinant of impaired reperfusion5-7. However, few data have been 
reported concerning patients treated with Gp IIb-IIIa inhibitors, 
which may potentially minimise the occurrence and the prognostic 
impact of distal embolisation8-11. A recent study has suggested a time-
related dependence on the prognostic impact of distal embolisation 
on myocardial perfusion and infarct size12. Therefore, the aim of the 
current study was to evaluate, in a large cohort of STEMI patients 
undergoing primary angioplasty with Gp IIb-IIIa inhibitors, whether 
the impact of distal embolisation on myocardial perfusion and sur-
vival depend on time-to-treatment.

Materials and methods
Our population is represented by a total of 1,182 patients with 
STEMI treated by primary angioplasty between 1998 and 2005, 
included in the EGYPT database13. All patients were admitted 
within 12 hours of symptom onset. All patients received aspirin 
(500 mg, intravenously) and heparin (10,000 IU, intravenously) as 
well as Gp IIb-IIIa inhibitors, but not clopidogrel, before the proce-
dure, and were on double oral antiplatelet therapy (aspirin and 
clopidogrel) for at least four weeks after stent implantation. There-
after, aspirin or clopidogrel (in case of aspirin side-effects) were 
continued as monotherapy.

Angiograms and electrocardiograms (ECG) were not analysed 
by a central corelab, but data were provided by each principal 
investigator. Analysis of angiograms was based on standard defini-
tions13. Angiographic myocardial perfusion was evaluated by myo-
cardial blush grade (MBG14) or myocardial perfusion grade 
(MPG15). Distal embolisation was defined as an abrupt “cut-off” in 
the main vessel or one of the coronary branches of the infarct-
related artery, distal to the angioplasty site5. Even though 
ST-segment analysis was performed according to the pre-specified 
criteria of each trial, data were provided according to uniform 
thresholds (<30%: no resolution; 30%-70%: partial resolution; 
>70%: complete resolution). Infarct size was estimated by using 
peak CK and CK-MB. Time from symptom onset to treatment was 
defined as the time from symptom onset to balloon inflation.

Clinical outcome
Clinical outcome was assessed between 30 days and one year after 
primary angioplasty by medical visit or alternatively, when not pos-
sible, by telephone contact.

Statistical analysis
Statistical analysis was performed with the SPSS 15.0 statistical pack-
age (SPSS Inc., Chicago, IL, USA). Continuous data were expressed as 
mean±SD and categorical data as percentage. The ANOVA test was 
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Figure 1. Occurrence of distal embolisation according to ischaemia 
time.

appropriately used for continuous variables. The chi-square test or the 
Fisher’s exact test was used for categorical variables. In order to evalu-
ate the impact of distal embolisation on angiographic and clinical out-
come according to time-to-treatment, patients were divided in three 
groups as follows: <3 hours, 3-6 hours, >6 hours. The difference in 
event rates between groups during the follow-up period was assessed 
by the Kaplan-Meier method using the log-rank test. Cox regression 
analysis was used to evaluate the impact of distal embolisation on sur-
vival after adjustment for significant (p<0.1) confounding baseline 
characteristics.

Results
Data on distal embolisation were available in a total of 1,182 
patients. Distal embolisation was observed in 132 patients (11.1%). 
As shown in Figure 1, distal embolisation tended to occur more 
frequently in late presenters (p=0.067). Demographic, clinical, and 
angiographic characteristics according to distal embolisation and 
time-to-treatment are reported in Table 1. Patients with distal 
embolisation were older (p<0.001), with a larger prevalence of dia-
betes (p=0.01), previous myocardial infarction (MI) (p=0.048), 
advanced Killip class at presentation (p=0.018), abciximab admin-
istration (p<0.001), with a lower prevalence of smoking (p=0.04). 
These data were almost confirmed for all time intervals.

POST-PROCEDURAL TIMI FLOW AND MYOCARDIAL 
PERFUSION
As shown in Figure 2, distal embolisation was less often associated 
with post-procedural TIMI 3 flow and post-procedural MBG 2-3 
(data available in 1,057 patients) across all time intervals.

ST-SEGMENT RESOLUTION
As shown in Figure 2, distal embolisation had a significant impact on 
complete ST-segment resolution (data available in 1,033 patients) 
only in the first three hours, whereas a minor effect (between three and 
six hours) or no effect (after six hours) was observed in later presenters.
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Table 1. Patients’ clinical and procedural characteristics according to distal embolisation and time-to-treatment.

All patients 
(n=1,169 )

p <3 hours
(n=450)

p 3-6 hours
(n=583)

p >6 hours 
(n=136)

p

Distal embolisation Distal embolisation Distal embolisation Distal embolisation

Variable Yes No Yes No Yes No Yes No

Age (years) 64.4±10.7 60.3±12 <0.001 62.8±12.5 59.4±11.4 0.077 63.6±12.8 60.9±11.8 0.079 66.3±15.7 63.8±11.3 0.41

Female gender (%) 27.3 22.6 0.23 19.5 18.1 0.82 30 24.4 0.31 36.8 29.9 0.54

Diabetes (%) 25 16 0.01 24.4 14.4 0.09 24.3 14.2 0.03 31.6 30.8 0.94

Hypertension (%) 39.4 40 0.9 29.3 34.7 0.48 42.9 41.7 0.86 52.6 49.6 0.80

Smoking (%) 44.7 54.1 0.04 56.1 55.5 0.94 44.3 56.3 0.06 26.3 38.5 0.31

Hypercholesterolaemia (%) 38.6 34.3 0.33 36.6 34 0.74 35.7 33.3 0.69 57.9 39.3 0.13

Previous MI (%) 12.9 7.8 0.048 12.2 6.1 0.14 11.4 8.6 0.43 21.1 9.4 0.13

Anterior MI (%) 41.7 44.6 0.53 34.1 44.4 0.2 42.9 43.8 0.89 57.9 48.2 0.43

Previous revascularisation (%) 10.6 7.4 0.2 14.6 8.1 0.15 7.1 6.8 0.92 15.8 8.5 0.32

Killip class I (%) 80.9 88.2 0.018 85.4 88.5 0.56 84.3 89 0.24 55.6 83.3 0.007

Time-to-treatment (minutes) 256±147 243±194 0.46 145±22 138±27 0.12 249±51 247±51 0.70 519±205 590±403 0.45

Pre-procedural TIMI 3 flow (%) 10.6 17 0.061 9.8 20.6 0.1 12.9 14.3 0.75 5.3 13.7 0.3

Multivessel disease (%) 60.6 57.3 0.47 70.7 50.9 0.015 58.6 57.7 0.89 47.4 76.1 0.01

Coronary stenting (%) 87 85.7 0.68 80.5 88.8 0.12 92.9 83.2 0.037 78.9 85.5 0.47

Early Gp IIb-IIIa (%) 45.5 51 0.23 43.9 54 0.21 42.9 48 0.42 57.9 51.3 0.59

Abciximab (%) 57.6 39.4 <0.001 46.3 37.7 0.28 60 39.6 0.0001 78.9 46.2 0.008

100

90

80

70

60

50

40

%

<3 h 3-6 h >6 h

p<0.0001
p<0.0001 p=0.001

TIMI 3 post
90

80

70

60

50

40

30

20

10

0

%

<3 h 3-6 h >6 h

p<0.0001 p<0.0001

p=0.01

MBG 2-3

70

60

50

40

30

20

10

0

%

<3 h 3-6 h >6 h

p=0.05 p=0.17

p=0.9

Complete ST-resolution 450

400

350

300

250

200

150

100

50

0

%

<3 h 3-6 h >6 h

p=0.01
p=0.024

p=0.14CK-MB (U/L)

DE–
DE+

DE–
DE+

DE–
DE+

DE–
DE+

Figure 2. Impact of distal embolisation on post-procedural TIMI 3 flow, MBG 2-3, complete ST-segment resolution, and CK-MB according to 
time-to-treatment.
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INFARCT SIZE
As shown in Figure 2, distal embolisation had a statistically signifi-
cant impact on infarct size (data available in 763 patients) in 
patients treated within the first three hours and between three to six 
hours. A similar impact was observed in late presenters (>6 hours), 
however it did not reach statistical significance.

MORTALITY
At 208±160 days follow-up, distal embolisation was associated 
with a significantly higher mortality (9.2% vs. 2.7%, HR [95% 
CI]=3.41 [1.73-6.71], p<0.0001). As shown in Figure 3, the impact 
of distal embolisation on survival was observed for patients treated 
within six hours from symptom onset, whereas a statistically 
weaker (even though clinically similar) impact in patients treated 
after the first six hours. These results were confirmed after correc-
tion for baseline confounding factors (Table 2).

Discussion
This is the first large study evaluating the impact of time-to-treat-
ment on the role of distal embolisation in patients undergoing pri-
mary percutaneous coronary intervention (PCI) with Gp IIb-IIIa 
inhibitors. We found that the occurrence of distal embolisation 
increased with longer ischaemia time. The impact of distal embo-
lisation on myocardial perfusion and mortality was not affected 
by time-to-treatment, as the deleterious effects of distal embolisa-
tion persisted even after six hours from symptom onset to 
treatment.

Table 2. Impact of distal embolisation on mortality according to 
ischaemia time at multivariate Cox-regression analysis.

A. Ischaemia time <3 hours

Variable HR 95% CI p -value

Distal embolisation 6.47 1.34-31.25 0.02

Multivessel disease 3.54 0.8-15.6 0.095

Age >65 years 7.92 1.82-34.4 0.006

Diabetes 4.73 1.29-17.31 0.019

B. Ischaemia time 3-6 hours

Variable HR 95% CI p-value

Distal embolisation 3.33 1.2-9.3 0.038

Diabetes 1.99 0.74-5.34 0.17

Age >65 years 5.53 1.91-16.01 0.002

Smoking 3.23 1.2-8.68 0.02

Stenting 3.18 0.41-24.34 0.27

Abciximab 2.05 0.8-5.24 0.13

C. Ischaemia time >6 hours

Variable HR 95% CI p-value

Distal embolisation 4.20 0.87-20.4 0.075

Multivessel disease 2.02 0.37-10.91 0.41

Killip class I 0.42 0.09-2.01 0.28

Abciximab 0.97 0.20-4.67 0.97

Several experimental studies have shown the implications of dis-
tal embolisation as a major determinant of infarct size and poor rep-
erfusion after primary angioplasty. Sakuma et al6 have shown that 
the presence of distal embolisation is associated with an increase in 
the perfusion defect and final infarct size by 139% and 70%, respec-
tively, as compared to the control group. Several reports in humans 
have shown that distal embolisation is a relatively common phe-
nomenon in primary angioplasty. Based on a histological 3D recon-
struction of the retrieved emboli, Limbruno et al16 observed that the 
embolic load was >2 mm3 in 15% of patients and >6 mm3 in 5% of 
patients, which could be detectable by angiography. Yip et al17 
observed in 794 patients undergoing primary angioplasty that the 
incidence of no-reflow was significantly higher in patients with 
a high thrombus burden. It was observed in a recent report, by the 
use of intravascular ultrasound, that plaque volume reduction (an 
indirect sign of distal embolisation when excluding distal or proxi-
mal plaque shifting) was nine times higher in patients with post-
procedural Thrombolysis In Myocardial Infarction (TIMI) 
perfusion grade 0-2, as compared to TIMI perfusion grade 318. 
Based on the histological analysis of retrieved debris, the Enhanced 
Myocardial Efficacy and Recovery by Aspiration of Liberated 
Debris (EMERALD) trial19 showed visible debris in 78% of 
patients. Henriques et al5 reported that the incidence of angiograph-
ically-detectable distal embolisation was 16%, and this was associ-
ated with poor reperfusion, larger infarct size and unfavourable 
five-year survival, as compared to patients without angiographic 
signs of distal embolisation.

However, due to the relationship between ischaemia duration, 
the amount of viable myocardium and myocardial perfusion20-22, 
which is larger in the first few hours from symptom onset, a time-
dependence of the impact of distal embolisation on myocardial per-
fusion and mortality would be expected. This issue was investigated 
by Napodano et al in a relatively small cohort of patients (n=40012). 
They found a similar impact of distal embolisation on myocardial 
perfusion (as evaluated by MBG) between the first three hours and 
three to six hours from symptom onset, whereas no significant 
impact was observed after six hours. These data were not confirmed 
for ST-segment resolution, with paradoxically worse reperfusion in 
patients without distal embolisation within the first three hours from 
symptom onset as compared to patients with distal embolisation.

In our study, including a larger number of patients and all treated 
with Gp IIb-IIIa inhibitors, we found a larger occurrence of distal 
embolisation in late presenters. This may be explained by the differ-
ence in thrombus composition with longer ischaemia time. In fact, 
it has been shown that thrombus have larger platelet composition 
within the first hours, whereas fibrin is more represented with 
longer ischaemia time23. Therefore, in a population treated with Gp 
IIb-IIIa inhibitors, patients may be expected to have less distal 
embolisation within the first hours of symptom onset, as observed 
in our study.

The impact of distal embolisation on myocardial perfusion, 
infarct size and survival was not affected by the time of treatment. 
In fact, a similar impact was observed between <3 and three to six 
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hours, whereas a less statistically significant impact was observed 
in late presenters, which may be due to the smaller population and 
therefore lower statistical power, as compared to early presenters. 
Remarkably, distal embolisation had a similar impact on myocar-
dial blush but not on ST-segment resolution, which was mostly 
affected in patients treated within the first three hours from symp-
tom onset. In fact, some discrepancies have been described between 
ST-segment resolution and myocardial blush in the evaluation of myo-
cardial perfusion, since they evaluate two different phenomena24,25.

Several studies26,27 and a meta-analysis28 have shown that adjunc-
tive thrombectomy reduces distal embolisation and improves myo-
cardial perfusion. Recent data from the TAPAS trial have shown 
that routine use of manual thrombus aspiration is associated with 
a significant improvement in one-year survival29. Subgroup analy-
ses showed that the benefits in terms of myocardial perfusion from 
adjunctive thrombectomy were not affected by the time delay, as 
they persisted in patients treated after three hours from symptom 
onset.

The benefits in survival have been confirmed in a recent meta-
analysis on manual thrombectomy devices30.

Thus, due to the still relatively large incidence of distal embolisa-
tion observed in the current study, despite extensive use of Gp IIb-
IIIa inhibitors, thrombectomy devices may be considered to prevent 
distal embolisation, improving myocardial perfusion and survival 
independently from the time of symptom onset.

Limitations
The major limitation of the current study is that it is a post hoc, non 
pre-specified analysis. Another limitation is the absence of a cen-
tralised corelab, even though angiographic and ECG data were 
mostly based on investigator evaluations with similar criteria across 
trials, except for angiographic myocardial perfusion, which was 
evaluated by MPG in two trials31,32. Enzymatic infarct size was esti-
mated by peak CK and CK-MB, whereas the use of scintigraphic 
techniques or magnetic resonance imaging (MRI), which would 
have additionally provided data on microvascular obstruction, 
would have certainly improved the results. In addition, complete 
data on myocardial blush, ST-segment resolution and infarct size 
were not available for all patients. This study was based on an anal-
ysis performed in three subgroups of patients defined according to 
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Figure 3. Kaplan-Meier survival curves show a significant impact of distal embolisation on survival according to time-to-treatment.
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ischaemia time. Therefore, the results should be interpreted with 
the limitation related to the reduced statistical power in three sub-
groups when compared to the analysis performed in the overall 
population. We analysed overall mortality. However, at short-term 
follow-up after STEMI, mortality would be expected to be mostly 
cardiac-related. We used a fixed dose of heparin, whereas current 
guidelines suggest a weighted, adjusted dosage. Furthermore, acti-
vated clotting time (ACT) was not routinely checked. Data on 
clopidogrel loading dose were not available. However, this might 
play a minor issue in patients treated with strong antiplatelet drugs 
such as Gp IIb-IIIa inhibitors. In addition, the therapy was pre-
scribed for only four weeks, based on the recommendation availa-
ble at that time. We observed a larger use of abciximab in patients 
with distal embolisation and whether this is or is not a drug effect 
cannot be addressed by our study. Furthermore, the evidence of 
beneficial effects from thrombectomy has only recently emerged30. 
Therefore, these devices were not used in our study, with a potential 
higher risk of distal embolisation. Patients were enrolled in current 
randomised trials and therefore have for the most part been highly 
selected. Furthermore, heterogeneity among trials included in this 
study cannot be excluded, due to the patients and the different fol-
low-up lengths (ranging between 30 days in some trials, or up to six 
or 12 months in others). Therefore, caution should be exercised in 
extending the conclusion of this meta-analysis to the vast majority 
of STEMI patients undergoing primary angioplasty.

Conclusions
This study showed among STEMI patients treated with Gp IIb-IIIa 
inhibitors, that distal embolisation is associated with impaired myo-
cardial perfusion and survival. These effects were not affected by 
time of treatment.
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