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Abstract
Aims: The aim of this substudy was to determine the five-year correlates of non-TV-related adverse events 
(AE) in STEMI patients included in the EXAMINATION trial.

Methods and results: The EXAMINATION trial randomised 1,498 STEMI patients to bare metal or 
everolimus-eluting stent implantation. In this substudy, patients were analysed according to non-TV-related 
AE, defined as the composite of either non-TV revascularisation (non-TVR) or non-TV-related myocardial 
infarction (MI). At five-year follow-up, 125 patients (8.3%) exhibited 136 non-TV-related AE (124 [8.3%] 
non-TVR, 12 [0.8%] non-TV-related MI), accounting for 47.1% of 289 non-fatal cardiac events overall. 
These patients had a higher incidence of diabetes mellitus (p<0.001), arterial hypertension (p=0.032), previ-
ous MI (p=0.073), multivessel disease (p<0.001), and incomplete revascularisation (p=0.049), and a lower 
rate of ST-segment resolution >70% (p=0.042) as compared to the rest. At Cox analysis, previous MI 
(HR 1.872, 95% CI: 1.004-3.489; p=0.048), incomplete revascularisation (HR 1.746, 95% CI: 1.029-2.963; 
p=0.039) and diabetes (HR 1.942, 95% CI: 1.292-2.919; p=0.001) were independent correlates of non-TV-
related AE.

Conclusions: In STEMI patients undergoing primary percutaneous coronary intervention, previous MI, 
incomplete revascularisation and diabetes resulted in being independent correlates of five-year non-TV-
related AE.
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Abbreviations
ACS acute coronary syndrome
ARC Academic Research Consortium
CABG coronary artery bypass graft
CAD coronary artery disease
DES drug-eluting stent
IR incomplete revascularisation
MACE major adverse cardiovascular events
MI myocardial infarction
MVD multivessel disease
Non-TV non-target vessel
Non-TV-related AE non-target vessel-related adverse events
Non-TVR non-target vessel revascularisation
PCI percutaneous coronary intervention
STEMI ST-elevation myocardial infarction

Introduction
Drug-eluting stent (DES) trials focus mainly on device perfor-
mance in terms of target lesion events1. Conversely, data on events 
related to non-target vessels (non-TV) are limited, especially in 
a specific population such as ST-elevation myocardial infarction 
(STEMI)2. In patients with acute coronary syndrome (ACS) and 
multivessel disease (MVD) who underwent culprit only percuta-
neous coronary intervention (PCI), it has been demonstrated that 
50% of total cardiac events are related to non-TV at three-year fol-
low-up3. Although complete revascularisation can reduce the risk 
of major adverse cardiovascular events (MACE)4 in these patients, 
non-TV-related adverse events (AE) still account for almost a half 
of cardiac events5, strengthening the concept of coronary athero-
sclerosis as a diffuse and progressive disease that goes beyond the 
treatment of a single coronary lesion.

We therefore sought to analyse the incidence and correlates of 
non-TV-related AE at five-year follow-up in the STEMI patients 
included in the EXAMINATION trial6.

Editorial, see page 1869

Methods
STUDY POPULATION
This is a post hoc analysis from the all-comers, multicentre, con-
trolled, and randomised, EXAMINATION trial (A Clinical Evalu-
ation of Everolimus Eluting Coronary Stents in the Treatment of 
Patients With ST-segment Elevation Acute Myocardial Infarction: 
EXAMINATION Study) (NCT00828087). The detailed study 
design and five-year results of the EXAMINATION trial have 
been reported previously6,7. The EXAMINATION trial randomised 
1:1 a total of 1,498 STEMI patients to an everolimus-eluting stent 
(n=751) (XIENCE®; Abbott Vascular, Santa Clara, CA, USA) or 
a MULTI-LINK VISION® BMS (n=747) (Abbott Vascular). All 
participating centres submitted and received the approval of their 
medical ethics committee for the protocol and for the informed con-
sent. The study was conducted in compliance with the protocol, 
the Declaration of Helsinki, and applicable local requirements. All 
patients provided written informed consent.

ENDPOINTS AND DEFINITIONS
All the patients were analysed according to the incidence of non-
TV-related AE, defined as the composite of non-TV revasculari-
sation (non-TVR) or non-TV-related myocardial infarction (MI), 
as per the Academic Research Consortium (ARC) definitions8. 
Because death cannot be assigned to any vessel segment, it was 
not counted as a TV or non-TV-related event. Incomplete revas-
cularisation (IR) was defined as a residual stenosis of ≥50% in 
the left main coronary artery or ≥70% in another major epicardial 
coronary artery on the basis of operator visual estimation. Staged 
procedures were all performed within the first month after dis-
charge and with the same stent as per randomisation. Therefore, 
incomplete revascularisation was evaluated after staged proce-
dures were performed. Any revascularisation carried out after 
this time was counted as an unplanned intervention per protocol. 
Definitions of death (all-cause and cardiac) and stent thrombo-
sis have already been reported7,9. All clinical events were adjudi-
cated by an independent clinical events committee (Cardialysis, 
Rotterdam, the Netherlands).

STATISTICAL ANALYSIS
Continuous variables were expressed as mean±standard devia-
tion or median and interquartile range, according to their distribu-
tion, and were compared by ANOVA or Wilcoxon rank-sum test. 
Categorical variables were expressed as numbers and percentages 
and were compared by chi-square analysis or Fisher’s exact test, 
as appropriate.

In order to analyse independent correlates of five-year non-TV-
related AE, baseline clinical, procedural, and angiographic charac-
teristics were tested in a univariable analysis. Those variables with 
p<0.10 at the univariable analysis were then entered into a Cox 
multivariable model with backward elimination. MVD and staged 
procedure were not entered into the Cox model in order to avoid 
any multicollinearity with incomplete revascularisation, which 
conversely was included. Any relation between non-TV-related 
AE and TV-related AE, all-cause mortality and cardiac death was 
examined using a Cox regression model with non-TV-related AE 
as a time-varying covariate. In patients experiencing both a TV 
and a non-TV-related AE, we considered only those TV events 
that occurred after a non-TV-related AE.

Results from Cox regression analyses were reported as hazard 
ratios (HR) with associated 95% confidence intervals and p-val-
ues. A two-tailed p-value <0.05 was considered to be statisti-
cally significant. Statistical analyses were performed using SPSS, 
Version 20.0 (IBM Corp., Armonk, NY, USA).

Results
POPULATION
Complete five-year clinical follow-up was available in 97% of 
patients. At five-year follow-up, 125 patients (8.3%) exhibited 
136 non-TV-related AE (124 [8.3%] non-TVR, 12 [0.8%] non-TV-
related MI), accounting for 47.1% of 289 non-fatal cardiac events 
overall (Figure 1). Table 1 shows baseline clinical characteristics. 
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Patients in the non-TV-related AE group had a higher incidence of 
diabetes mellitus (p<0.001), arterial hypertension (p=0.032), pre-
vious myocardial infarction (p=0.073), MVD (p<0.001), staged 
procedure (p<0.001), and incomplete revascularisation (p=0.049), 
and a lower rate of ST-segment resolution >70% (p=0.042) as 
compared to the other group. No other differences were found 
between the groups (Table 1, Table 2).

CORRELATES OF NON-TARGET VESSEL-RELATED ADVERSE 
EVENTS
At Cox analysis, previous MI (HR 1.872, 95% CI: 1.004-3.489, 
p=0.048), incomplete revascularisation (HR 1.746, 95% CI: 
1.029-2.963, p=0.039) and diabetes (HR 1.942, 95% CI: 1.292-
2.919, p=0.001) were independent correlates of non-TV-related 
AE (Figure 2).

Patients who experienced a non-TV-related AE had a higher 
risk of target vessel-related AE (HR 2.919, 95% CI: 1.556-5.478, 
p<0.001) (Table 3), even after adjustment (adjusted HR 2.818, 
95% CI: 1.470-5.404, p=0.002), with no significant effect modi-
fication by type of stent implanted (HR for BMS: 2.011, 95% CI: 
0.765-5.285; HR for DES: 3.095, 95% CI: 1.625-9.676; p for inter-
action: 0.222). Non-TV events did not have a significant impact 
on cardiac death (HR 0.752, 95% CI: 0.274-2.059, p=0.579) or 
all-cause mortality (HR 0.891, 95% CI: 0.435-1.825, p=0.753). 
Similarly, TV-related AE did not increase the risk of cardiac death 
(HR 0.891, 95% CI: 0.435-1.825, p=0.753) or all-cause mortality 
(HR 1.357, 95% CI: 0.624-2.950, p=0.442).

In addition, median time from index procedure to non-TV 
events (median: 113 days; interquartile range: 44-604 days) and to 
TV events (median: 196 days; interquartile range: 27.5-678 days) 
was not statistically different (p=0.96).

Discussion
Our analysis showed that: 1) the cumulative incidence of non-
TV-related adverse events in STEMI patients treated with primary 
PCI was 8.3% at five years, accounting for 47.1% of total adverse 
events; 2) previous MI, incomplete revascularisation, and diabetes 
appeared to be independent correlates of non-TV-related AE in our 
study population; 3) non-TV-related adverse events are associated 
with a higher incidence of TV-related adverse events.

Coronary artery disease (CAD) progression involves the entire 
coronary tree and could be responsible for events in areas remote 
from the culprit vessel. Previous studies have already reported 
the rate of this phenomenon in various populations. Cutlip et al 
found that, in a low-risk population, the non-TVR cumulative rate 
was 21.7% at five-year follow up10. In the SIRIUS trial11, events 
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Figure 1. Non-TV-related adverse events. A) Incidence of non-TV-
related adverse events, non-TV revascularisation and non-TV-related 
myocardial infarction. B) Proportion of non-TV-related adverse 
events of total non-fatal cardiac events. MI: myocardial infarction; 
Non-TV-related AE: non-target vessel-related adverse events; 
TV: target vessel

Predictors of non-TV-related AE HR (95% CI) p-value

Diabetes 1.942 (1.292-2.919) 0.001

Previous MI 1.872 (1.004-3.489) 0.048

Incomplete revascularisation 1.746 (1.029-2.963) 0.039

Hypertension 1.192 (0.820-1.733) 0.358

ST-segment resolution ≥70% 0.738 (0.510-1.068) 0.107

Hazard ratio
0 1 2 3 4

Figure 2. Correlates of non-TV-related AE at five-year follow-up. AE: adverse events; CI: confidence interval; HR: hazard ratio; 
MI: myocardial infarction; non-TV: non-target vessel
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Table 1. Baseline clinical characteristics.

Patients with non-TV-
related events N=125

Patients without non-TV-
related events N=1,373

Hazard ratio (95% CI) p-value

Age, years (mean±SD) 62.45±11.61 61.09±12.46 1.009 (0.995-1.023) 0.210

Male gender, n (%) 108 (86.4) 1,136 (82.7) 1.309 (0.785-2.183) 0.302

DES, n (%) 63 (50.4) 688 (50.1) 1.005 (0.708-1.427) 0.977

Coronary risk 
factors, n (%)

Smoker 89 (71.2) 993 (72.4) 0.955 (0.779-1.170) 0.654

Diabetes mellitus 37 (29.6) 221 (16.1) 2.112 (1.438-3.101) <0.001

Arterial hypertension 72 (57.6) 653 (47.6) 1.474 (1.034-2.102) 0.032

Hyperlipidaemia 47 (37.6) 608 (44.3) 0.769 (0.536-1.105) 0.156

Family history 22 (17.6) 231 (16.9) 0.941 (0.694-1.275) 0.695

Cardiovascular 
history, n (%)

Previous MI 11 (8.9) 69 (5.0) 1.768 (0.952-3.282) 0.071

Previous PCI 6 (4.8) 55 (4.0) 1.172 (0.516-2.662) 0.704

Previous CABG 0 (0.0) 10 (0.7) – –

Previous stroke 4 (3.2) 27 (2.0) 1.592 (0.588-4.310) 0.360

Pre-infarction angina 34 (27.2) 400 (29.2) 0.908 (0.612-1.346) 0.631

Clinical status 
on admission, 
n (%)

Killip I 111 (88.8) 1,226 (89.6) 0.943 (0.541-1.644) 0.836

Killip II 9 (7.2) 106 (7.7) 0.937 (0.476-1.846) 0.851

Killip III 3 (2.4) 20 (1.5) 1.609 (0.512-5.059) 0.416

Killip IV 2 (1.6) 16 (1.2) 1.422 (0.352-5.751) 0.621

Antiplatelet 
regimen, n (%)

Aspirin before PCI 117 (93.6) 1,271 (92.6) 1.175 (0.574-2.404) 0.660

Clopidogrel before PCI 116 (92.8) 1,302 (94.8) 0.730 (0.370-1.438) 0.363

GP IIb/IIIa inhibitor 48 (38.4) 521 (37.9) 1.024 (0.714-1.469) 0.896

Aspirin 1 year 112 (92.6) 1,207 (89.5) 1.454 (0.738-2.868) 0.280

Clopidogrel 1 year 109 (92.4) 1,157 (89.1) 1.466 (0.743-2.893) 0.270

Cardiac markers, 
median 
[interquartile 
range]

CK peak 1,342 [553-2,702] 1,435 [654-2,939] 1.000 (0.999-1.000) 0.717

CK-MB peak 162 [71-284] 147 [60-329] 1.000 (0.986-1.000) 0.831

Troponin peak 17 [4-78] 17 [4-70] 1.000 (0.992-1.002) 0.611

Multivessel disease, n (%) 48 (38.4) 299 (21.8) 2.185 (1.523-3.133) <0.001

Staged procedure, n (%) 32 (25.6) 198 (14.4) 1.991 (1.332-2.975) <0.001

Incomplete revascularisation, n (%) 17 (13.6) 115 (8.4) 1.705 (1.022-2.843) 0.041

CABG: coronary artery bypass graft; CI: confidence interval; DES: drug-eluting stents; MI: myocardial infarction; PCI: percutaneous coronary 
intervention; SD: standard deviation

Table 2. Procedural characteristics.

Patients with non-TV-
related events N=125

Patients without non-TV-
related events N=1,373

Hazard ratio (95% CI) p-value

Infarct-related 
artery, n (%)

Left main 0 (0.0) 4 (0.3) 0.000 (0.000-2.173) 0.959

Left anterior descending artery 49 (39.2) 555 (40.5) 0.883 (0.605-1.289) 0.520

Left circumflex 12 (9.6) 136 (9.9) 0.842 (0.484-1.464) 0.542

Right coronary artery 59 (47.2) 594 (43.3) 1.540 (0.213-11.121) 0.668

Saphenous vein graft 1 (0.8) 4 (0.3) 2.342 (0.449-12.214) 0.397

TIMI flow 0 before PCI, n (%) 70 (56.0) 808 (59.2) 0.900 (0.632-1.281) 0.557

Number of stents, mean±SD 1.39±0.66 1.38±0.65 1.007 (0.768-1.321) 0.958

Total stent length, mm, mean±SD 27.91±15.42 27.48±13.87 1.002 (0.990-1.015) 0.706

Post-dilation, n (%) 22 (17.6) 199 (14.5) 1.243 (0.784-1.969) 0.355

ST-segment resolution >70%, n (%) 63 (54.3) 789 (63.8) 0.682 (0.473-0.982) 0.040

Anticoagulant 
regimen, 
n (%)

Unfractionated heparin 102 (81.6) 1,087 (79.2) 1.170 (0.744-1.840) 0.496

Low molecular weight heparin 15 (12.0) 118 (8.6) 1.395 (0.814-2.393) 0.226

Bivalirudin 10 (8.0) 95 (6.9) 1.159 (0.607-2.211) 0.655

CI: confidence interval; PCI: percutaneous coronary intervention; SD: standard deviation; TIMI: Thrombolysis In Myocardial Infarction;  
non-TV: non-target vessel
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attributed to non-TV were estimated at 26% after five years from 
the index procedure. Similarly, a single-centre all-comers Japanese 
study showed that the rate of non-TV repeat PCI was 17.6% at 
five-year follow-up12. Compared to these studies, we report 
a lower rate of events in the non-culprit vessels, which accounted 
for almost 50% of cardiac events overall. This lower rate of events 
could be explained in several ways. Firstly, the aforementioned 
findings might have been influenced by protocol-driven repeat 
coronary angiographies, whereas the events in our analysis were 
clinically driven. In addition, patients included in the previous 
studies had a higher CAD burden. In fact, MVD was present in 
up to 70% of those patients while in our population the prevalence 
of MVD was 30.1%. This could also be related to the fact that 
we included only STEMI patients, who usually have a lower pre-
valence of MVD compared with other ACS patients13. In our pop-
ulation, the incidence of non-TV-related revascularisation was not 
statistically different between patients receiving bare metal stents 
and those receiving DES (8.3% vs. 8.3%, p=0.975), even when 
considering patients who underwent a staged procedure in non-TV 
(15.8% vs. 11.6%, p=0.353).

With regard to prognostic factors, in the present report we 
found that previous MI, incomplete revascularisation, and diabe-
tes appeared to be independent factors of non-TV-related AE. It 
is already known that STEMI patients who have had a previous 
MI have worse long-term clinical outcomes14. Our findings are 
consistent with previous studies as we showed that previous MI 
is associated with an increased risk of non-TV-related AE. This 
could be explained by considering that STEMI patients who have 
experienced a previous MI could have a more extensive and com-
plex CAD. Regarding the completeness of coronary revascular-
isation, it has been demonstrated that MVD, which is found in 
approximately 40-60% of STEMI patients, is associated with bad 
short- and long-term prognosis15. Several studies have analysed the 
effects of complete revascularisation on outcomes, but contrast-
ing results have been reported. A recently published meta-analysis 

of eight studies showed that, in STEMI patients, complete revas-
cularisation reduced the risk of MACE and repeat revasculari-
sation, compared to incomplete revascularisation16. Two recent 
randomised controlled trials have shown that the fractional flow 
reserve-guided treatment of non-culprit vessels in STEMI patients 
reduced MACE at 12- to 24-month follow-up4,17. However, these 
studies examined MACE without giving information on non-TV-
related adverse events. Our study, which has a longer follow-up 
(60 months), focused on these events and showed that incom-
plete revascularisation is an independent risk factor for non-TV-
related AE. In addition, we found that, out of 17 non-TV-related 
AE occurring in patients with incomplete revascularisation, 13 
were clinically driven non-TV revascularisations and that they 
occurred in the first three months after PCI. Therefore, we might 
hypothesise that these events could be related to lesions that were 
not treated immediately and that had an early impact on patients’ 
symptoms, confirming the protective role of the complete revascu-
larisation even in the first months after PCI.

Diabetes is an established risk factor for CAD and future car-
diac events in patients who undergo PCI, mainly because of an 
increased risk of stent restenosis and MI during follow-up18. 
However, diabetes also plays a central role in the progression 
of atherosclerotic disease and it has been recognised as a nega-
tive prognostic factor for non-TV events. An intravascular coro-
nary ultrasound analysis which included 237 coronary segments 
from 45 patients enrolled in the DIABETES I, II and III trials19-21 
showed that insulin-dependent diabetes was associated with ves-
sel shrinkage and disease progression, both in treated and in not 
previously treated lesions22. In the PROSPECT trial, patients with 
insulin-requiring diabetes had a threefold increased risk of non-
culprit lesion-related MACE at three-year follow-up3. In addi-
tion, a recent propensity-matched sub-analysis of the PROSPECT 
trial showed that the three-year total MACE rate was significantly 
higher in patients with diabetes versus those without, mainly 
driven by a higher rate of non-culprit lesion-related MACE23. 
Accordingly, in our study population diabetes was the strongest 
predictor with almost a twofold risk of non-TV-related AE at five-
year follow-up. This slightly lower risk of adverse events, as com-
pared to the PROSPECT trial, could be related to the fact that we 
included all diabetic patients, regardless of insulin or oral glucose-
lowering medication use.

Interestingly, our analysis also showed that non-TV-related AE, 
despite the lack of a significant impact on all-cause mortality and 
cardiac death, are associated with a higher incidence of TV-related 
AE, in particular TVR. In addition, no statistically significant 
difference was found in the occurrence of any stent thrombosis 
between the two groups. The strong relation between non-TV and 
TV-related AE is a novel finding, which confirms the concept of 
CAD as an extensive disease. Therefore, our findings underline 
the fact that both complete revascularisation and an aggressive 
control of all cardiovascular risk factors (in particular diabetes) 
could be effective in the prevention of non-TV-related AE at long-
term follow-up.

Table 3. Impact of non-TV-related adverse events on clinical 
outcomes from Cox regression model with non-TV-related adverse 
events as a time-varying covariate.

Hazard ratio (95% CI) p-value

TV-related adverse events 2.818 (1.470-5.404)* 0.002

TV revascularisation 3.228 (1.748-5.926) <0.001

TV-related MI 1.546 (0.361-6.608) 0.557

All-cause death 1.357 (0.624-2.950) 0.442

Cardiac death 0.891 (0.435-1.825) 0.753

Definite, probable or possible 
stent thrombosis 0.198 (0.028-1.427) 0.108

Definite or probable stent 
thrombosis 1.927 (0.444-8.361) 0.381

*Adjusted hazard ratio. Non-TV-related adverse events defined as the 
composite of non-TV revascularisation and non-TV-related MI. TV-related 
adverse events defined as the composite of TV revascularisation and 
TV-related MI. CI: confidence interval; MI: myocardial infarction; 
TV: target vessel
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Limitations
This study has several limitations. Firstly, it is a post hoc analysis and 
therefore our results should be considered hypothesis-generating. 
Secondly, there were baseline differences between both groups in 
terms of patient, clinical, lesion, and procedural characteristics; 
despite these differences, an adequate statistical treatment was per-
formed in order to minimise their impact on the results. Neither pra-
sugrel nor ticagrelor had been approved for use in clinical practice 
at the time this study was conducted, thus all patients were treated 
with clopidogrel. Moreover, we took into account only anatomical 
incomplete revascularisation rather than the functional residual CAD.

Although non-TV-related AE did not increase the risk of more 
prognostically relevant events such as death or myocardial infarc-
tion, 95% confidence intervals were wide, suggesting imprecision 
and uncertainty on the assessed relationship.

Lastly, patients with previous revascularisation (with either PCI 
or coronary artery bypass graft [CABG]) were not excluded from 
the analysis; therefore, a non-TV AE could relate to a stent or 
graft failure rather than to a disease progression. However, only 
six patients, out of the 125 patients who experienced a non-TV 
adverse event, had undergone a previous PCI and none of them 
had undergone a previous CABG. This small number of patients 
should not have affected the results.

Conclusions
In STEMI patients undergoing primary PCI, incomplete revascu-
larisation, previous MI and diabetes resulted in being independent 
correlates of five-year non-TV-related AE.

Impact on daily practice
Our findings might help in the identification, at the time of pri-
mary PCI, of those patients at risk of future events related to 
areas remote from the target vessel. Complete revascularisation 
at the index procedure and more aggressive risk factor control, 
in particular diabetes, could reduce the occurrence of non-target 
vessel-related adverse events at long-term follow-up.
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