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Abstract

Aims: Periprocedural myocardial infarctions have been re-
ported in the setting of planned percutaneous coronary in-
tervention (PCl). We assessed the prevalence of nonculprit
artery acute myocardial infarction (NCAMI) and its relation-
ship with coronary artery characteristics, final infarct size,
and 1-year adverse clinical outcomes in a population of an-
terior ST-elevated myocardial infarction (STEMI) patients.
Methods and Results: Late gadolinium-enhanced cardiac
magnetic resonance (LGE-CMR) studies were performed
within 7 days of admission in 129 anterior STEMI patients
from the CIRCUS trial treated by primary PCl. Infarct in the

noninfarct artery territory (circumflex, right coronary) was
assessed on LGE-CMR and T2-weighted images. Eleven
(8.5%) patients exhibited NCAMI. The only independent
characteristic significantly associated with NCAMI was the
presence of multiple complex coronary lesions (odds ratio =
12.9, 95% confidence interval [3.1-53.4]; p < 0.001). There
was a significantly increased infarct size in NCAMI patients
compared to patients without NCAMI (45.8 £ 20.4% of the
left ventricle [LV] vs. 31.0 = 15.1% of LV, respectively; p =
0.02), with lower LV ejection fraction (46 + 10% vs. 34 + 8%,
respectively; p < 0.001). Conclusion: NCAMIs are present in
8.5% of anterior STEMI patients and are significantly associ-
ated with multiple complex coronary lesions without signif-
icant relationship to any revascularization procedural tech-
nique. NCAMI was associated with a greater infarct size and
reduced LVEF but not worse clinical outcomes at 1 year.



Introduction

Primary percutaneous coronary intervention (PPCI)
of the culprit coronary artery is key to achieve efficient
reperfusion in patients with ST-segment elevation myo-
cardial infarction (STEMI) [1]. Efficient timely reperfu-
sion for acute myocardial infarction (AMI) patients has
directly translated into clinical benefit with a dramatic
improvement in patient survival over the last 15 years [2].
Although PPCI is the recommended method to achieve
efficient reperfusion, the procedure is not standardized.
The referring interventional cardiologist can use a com-
bination of thrombectomy, pre- and post-dilatation of
the culprit vessel, and bare-metal or drug-eluting stent
with various intracoronary or intravenous vasodilator or
antiplatelet drugs to re-establish coronary patency [1].

The risk of distal atherothrombotic material microem-
bolization during PPCI has been demonstrated in experi-
mental and small clinical studies [3-7]. Also, recent revas-
cularization strategy trials testing one single-procedure
PCI for all coronary arteries versus culprit-only PCI
showed an increase in nonculprit coronary artery myocar-
dial infarction without increasing overall infarct size [8, 9].

In the DANAMI-3 and PRIMULTT studies in a large
group of STEMI patients, nonculprit artery infarcts were
rare [10], and in this study, multiple scars were signifi-
cantly associated with a culprit LAD and multiple vessel
disease. In this study, factors associated with NCAMIs
were not assessed. NCAMIs could also be related to in-
flammation-induced plaque rupture in nonculprit le-
sions causing subclinical plaque ruptures and infarctions
[11].Intracoronary optical coherence tomography (OCT)
and intravascular ultrasound studies have shown that
there was a global coronary instability or pan-coronary
process in acute coronary syndrome patients [11-13].
Whether nonculprit infarcts are related to inflammation-
induced plaque rupture in nonculprit lesions or proce-
dural related remains unclear. Our principal objective
was therefore to assess the incidence of nonculprit acute
myocardial infarcts (NCAMI) and assess their relation-
ship with PPCI procedures or multivessel coronary insta-
bility using coronary angiography and cardiac magnetic
resonance (CMR) in a population of anterior STEMI pa-
tients treated by PPCI.

Methods

Population
Our study is a substudy from the Does Cyclosporine Improve
Clinical Outcome in ST-Elevation Myocardial Infarction Patients

(CIRCUS) trial published previously [14, 15]. In brief, this is an
international, multicenter, prospective, double-blinded trial de-
signed to compare the efficacy and safety of intravenous adminis-
tration of cyclosporine versus placebo, in addition to revascular-
ization by PPCI on adverse clinical outcomes at 1 year in 969 STE-
MI patients. In this trial, the use of cyclosporine did not result in a
smaller infarct size or better clinical outcomes compared to pla-
cebo, and it also did not prevent adverse left ventricular remodel-
ing at 1 year.

Ethical Consideration, Consent, and Clinical Trial Registration

This trial was coordinated by the Hospices Civils de Lyon fol-
lowing the principles of the Declaration of Helsinki and the Euro-
pean Guidelines for Good Clinical Practice. Approval was obtained
from the ethics committees in the relevant countries. Written in-
formed consent was obtained from all participants before enroll-
ment in the trial. This trial was registered at ClinicalTrials.gov:
NCT01502774; and EudraCT number, 2009-013713-99 [14, 15].

Patients were included in the CIRCUS trial according to the
following inclusion criteria: ST-elevation in the anterior leads, ad-
mission within 12 h of symptom onset, initial TIMI flow in the left
anterior descending culprit coronary artery <1, and Killip class <4
at presentation. Patients underwent PCI according to standard
guidelines. The use of thrombus aspiration, direct stenting or pre-
and post-dilation, bare-metal or drug-eluting stents, and glycopro-
tein IIb/IIIa inhibition was left to the discretion of the treating
interventional physician and was documented. No nonculprit cor-
onary artery complementary PCI was performed, prior to the
CMR study.

Our patient population included all patients from the CIRCUS
trial who underwent a contrast-enhanced cardiac magnetic reso-
nance (LGE-CMR) study within the first week (7 days) of admis-
sion in centers that had access to an MRI scanner [15]. The database
of this study will be made available for analysis upon reasonable
request to the sponsor of the study, the Hospices Civils de Lyon.

MRI Study

All CMR studies were performed on 1.5T scanners (multiven-
dor Siemens and Philips) before hospital discharge within the first
week of admission. All sequences were performed using vectocar-
diogram monitoring and 12-element phased-array cardiac receiv-
er coils. After localization, rest left ventricular function was as-
sessed with retrospective electrocardiogram-gated steady-state
free precession pulse cine sequences in long- and short-axis views
in the true heart axis. The short-axis scans covered the whole left
ventricle. T2-weighted triple inversion recovery sequence in 3
(basal, mid-ventricular, and apical) short-axis slices was per-
formed to assess myocardial edema [16, 17].

Contrast enhancement was evaluated in short-axis orientation
covering the whole ventricle 10 min after contrast injection of gad-
olinium-DOTA (0.2 mmol/kg body weight; Dotarem; Guerbet,
Villepinte, France) using 3D-gradient spoiled inversion recovery
TurboFLASH sequence covering the left ventricle in the short axis.
Additional 2-chamber and 4-chamber long-axis phase sensitive
inversion recovery sequences were also performed for better spa-
tial assessment of LGE-enhanced areas.

Image Analysis
Centralized, offline image analysis was performed by 2 experi-
enced observers (M.S. and N.M.) on dedicated workstations for all



CMR studies (Argus; Siemens Medical Solution, Malvern, PA, for
LV volumes and mass and Osirix; OsiriX Foundation, Geneva,
Switzerland, for T2 and contrast enhancement analysis [18]). Both
observers were blinded to clinical characteristics or study status.
LV volumes and function were first calculated. The infarct zone
was defined semiautomatically on late gadolinium enhancement
imaging using the full-width half-maximum technique. Microvas-
cular obstruction (MVO) was defined as areas of hypoenhance-
ment on the late gadolinium enhancement images within the hy-
perenhanced myocardium. The extent of infarcted myocardium
and MVO was expressed in grams of tissue according to the fol-
lowing formula: ¥ [hypoenhanced and/or hyperenhanced area (in
cm?) x slice thickness (in cm) x myocardial specific density].

NCAMI Definition

Nonculprit artery acute myocardial infarcts (NCAMIs) were
defined as areas of hyperenhancement on the LGE-enhanced stud-
ies distinct from the principal territory of the left anterior descend-
ing coronary artery and with a hyperenhancement on correspond-
ing T2-weighted images. These areas of hyperenhancement had a
sub-endocardial distribution and were situated in a different terri-
tory than the LAD: the circumflex artery or right coronary artery
territories.

Patients with a previous history of myocardial infarction with
local remodeling (reduced myocardial wall thickness) or areas of
contrast enhancement without T2-weighted enhancement were
not considered as positive for NCAMI. The LGE area of these pre-
vious scars was not counted in the total LGE areas of acute myo-
cardial infarction.

Angiographic Analysis

All coronary angiograms from the CIRCUS study were sent to
the coordinating center for centralized reading. A single expert
observer blinded to any other clinical and biological data read all
coronary angiograms on a dedicated workstation and assessed ini-
tial and final TIMI flow, thrombus burden, transient angiographic
no-reflow, multivessel disease status, and the area at risk extent
with the APPROACH angiographic method [19].

Each coronary angiogram was also assessed for additional an-
giographic characteristics of complex atheromatic lesions. The cri-
teria that were used have been previously reported [20, 21]. Lesions
were considered complex if they caused at least 50% stenosis and
had 2 or more of the following morphologic features: (a) ulceration
(sacciform extraluminal opacification), (b) irregularities or a cre-
nated edge, (c) sharp stenosis angulation in the wall, and (d) endo-
luminal defects compatible with a thrombus. Multiple complex le-
sions (MCL) were recorded when there were at least 2 complex
lesions within 2 different arteries or within the same artery sepa-
rated by a 3-cm segment of nonsignificant atheroma artery.

Follow-Up

As described in the CIRCUS study, all patients were prospec-
tively followed up for 1 year, and all-cause death, heart failure
worsening during initial hospitalization or re-hospitalization for
heart failure, nonfatal myocardial infarct, and stroke were record-
ed for each patient. All patients also underwent 2 standard echo-
cardiograms at baseline and 1-year follow-up to assess the frequen-
cy of adverse remodeling. Adverse remodeling was defined as an
increase in LV end-diastolic volume >15% between the 1-year fol-
low-up and baseline.

Statistical Analysis

All results for continuous variables are expressed as means +
SDs or as medians and interquartile ranges, depending on the nor-
mal distribution as assessed by the Shapiro-Wilk test. Qualitative
variables are expressed as absolute numbers and frequencies.
Comparisons between groups were performed using the unpaired
t test or Wilcoxon’s rank sum test for continuous variables and the
x? or Fisher’s exact test for categorical variables as appropriate. To
limit the alpha risk inflation, we limited the number of statistical
comparisons to the variables of interest related to the principal ob-
jective of this study.

Exploratory statistical analyses were performed with univariate
and multivariate logistic regression to assess the relationship of
NCAMI with PCI procedures (direct stenting, thrombectomy,
pre-post dilation, stenting, and GP2b3a inhibitors use) and angio-
graphic characteristics (multivessel disease, MCL, initial and final
TIMI grade, and thrombus burden). These variables were consid-
ered as “prespecified” for associations based on general knowledge
and prior reports, regardless of univariate (x* or Fisher test), and
we combined these with all variables that had a significant associa-
tion upon univariate analysis.

Considering the small sample size of 129 patients and the in-
creased risk of type II error, we did not statistically assess the rela-
tionship of NCAMI with adverse outcomes, and we only report the
rates of events per group without testing. We however constructed
Kaplan-Meier curves for the clinical outcomes of all-cause death
and heart failure and survival curves between the NCAMI group
and the non-NCAMI group without comparison with the log-rank
test.

The results were considered statistically significant at p value
<0.05. A Bonferroni correction was applied to correct for multiple
comparisons. Statistical analyses were performed using STATA
software, version SE 14.2 (StataCorp, College Station, TX, USA).

Results

Population

Our study included 129 patients from the 969 patients
in the main trial, and all of these patients completed the
full CMR protocol. CMR studies were performed 5 + 4
days (min 2 days and max 11 days) after admission.

NCAMI was present in 11 (8.5%) patients from our
study population. Seven additional (5.5%) patients had
chronic infarct scar in a different infarct territory from
the LAD.

As shown in Table 1, baseline clinical characteristics
were similar between NCAMI patients and patients with-
out NCAMI. Patients with NCAMI had significantly
more multivessel disease compared to patients without
(64% vs. 28%, respectively; p = 0.03) with a larger number
of complex coronary lesions (2.45 + 0.93 vs. 1.20 + 0.62,
respectively; p < 0.001) and a higher rate of MCL (91% vs.
28%, respectively; p < 0.001).



Table 1. Baseline and angiographic
characteristics

No NCAMI (n=118) NCAMI (n=11) pvalue

Baseline characteristics

Age, years

Male

Diabetes mellitus
Hypertension
Dyslipidemia
Current smoker
History of MI
History of PCI

Time from symptom onset to PCl, h

Killip class at presentation

|

eGFR, mL/min/1.73

Peak CK, IU/L

Angiographic characteristics

Area at risk (APPROACH score), %

Initial TIMI flow
0-1
2-3

Final TIMI flow
0-1
2-3

Multivessel disease
Complex coronary lesions, n
Presence of multiple complex lesions

Thrombus burden

Intracoronary GP2b3a inhibitor

Thrombectomy
Direct stenting
Pre-post dilatation
No stenting

Transient angiographic no-reflow

59+12 57+10 -
97 (89.8) 1(100) -
13(11.0) 2(18.2) -
38(32.2) 5(45.5) -
39(33.9) 5(45.5) -
50 (42.3) 4(36.4) -
5(4.3) 0(0) -
5(4.3) 1(9.1) -
4.2+2.7 3.5+1.3 -
113 (96) 10 (91) -
5(4) 1(9)

99+28 89+17 -
3,746+2,457 5,671+3,676 0.06
37.2+8.3 37.1+9.1 -
106 (89.8) 11 (100) -
12(11.2) 0(0)

1(1) 0 -
117 (99) 11 (100)

33 (27.9) 7 (63.6) 0.01
1.20+0.62 2.45+0.93 <0.001
33 (27.9) 10 (90.9) <0.001
3.1+15 3.3+15 0.91
45 (38.2) 5(45.5) 0.74
76 (64.4) 7 (63.6) 0.60
50 (42.3) 6 (54.5) 0.66
58 (49.1) 4(36.3) 0.46
7(6) 109 0.15
3(2.5) 0(0) -

Values are mean + SD or n (%) unless otherwise noted. Number of complex coronary
lesions refers to the mean number of complex lesions observed per patient, including the
culprit vessel lesion. Presence of multiple complex coronary lesions refers to the number of
patients in each group with >1 complex lesion. NCAMI, nonculprit artery myocardial
infarction; TIMI, thrombolysis in myocardial infarction; CK, creatine kinase; PCl, percutaneous
coronary intervention; eGFR, estimated glomerular filtration rate, according to the MDRD

formula.

Figure 1 represents one typical case of our patient pop-
ulation in a patient with NCAMI. There were no differ-
ences in terms of procedural interventions with similar
rates of thrombectomy and direct stenting in both groups
of patients.

MRI Characteristics

All LGE-CMR findings are summarized for both
groups in Table 2. NCAMIs were located in the circum-
flex artery territory in 9 (82%) and the right coronary ar-

teryin 2 (18%) cases. There was a significant larger infarct
size in NCAMI patients compared to patients without
(45.8+20.4vs.31.0 £ 15.1% of LV, respectively; p = 0.04),
and MVO size was not significantly different (5.4 + 5.4 vs.
3.1+4.7% of LV; p =0.1). The LVEF was also significant-
ly reduced in the NCAMI group compared to patients
without (34 * 8 vs. 46 £ 10%, respectively; p < 0.001).
There were no significant differences in remodeling indi-
ces in patients with NCAMI compared to patients with-
out.



Table 2. Contrast-enhanced cardiac magnetic resonance results

No NCAMI (n=118) NCAMI (n=11) p value
Infarct size, % of LV 31.0+15.1 45.8+20.4 0.04
MVO presence 73 (61.8) 10(90.9) 0.2
MVO size, %LV 3.1+4.7 54154 0.1
LVEF, % 4610 34+8 <0.001
LVEDVi, mL/m? 80.1+18.1 95.9+30.7 0.08
LVESVi, mL/m? 44.1+15.4 64.2+26.9 0.01
1-year LV remodeling,* % 17.5+28.2 20.6£15.6 0.44
Adverse LV remodeling* 78 (66.1) 8(72.7) 0.79

Values are mean + SD or n (%) unless otherwise noted. NCAMI, nonculprit artery myocardial infarction; MVO,
microvascular obstruction; LV, left ventricle; LVEDVi, indexed left ventricular end-diastolic volume; LVESVi, indexed
left ventricular end-systolic volume; LVEF, LV ejection fraction. * LV remodeling was assessed in all patients with
transthoracic ultrasound as the relative increase in LVEDV volume between baseline and 1-year follow-up. Adverse
LV remodeling was defined as an increase of >15% of LVEDV.

Fig. 1. A patient with acute anterior myocardial infarction and lateral NCAMI. Short-axis late delayed enhance-
ment inversion recovery sequences (a, ¢, d, f) and short-axis T2w sequences (b, e) of a patient with infarct in the
left main coronary artery territory (a-c) and NCAMI in the circumflex artery (d—f) with microvascular obstruc-
tion. NCAMI, nonculprit coronary artery myocardial infarction.

Coronary Characteristics and Percutaneous Coronary  are presented in Table 3. The only factors that were sig-
Intervention Parameters Related to NCAMI nificantly related to NCAMI were coronary multivessel
All results from univariate and multivariate procedur-  disease (OR = 4.50; 95% CI [1.24; 16.42], p = 0.02) and
al and angiographic parameters associated with NCAMI  MCL (OR = 9.97; 95% CI [2.99; 33.20], p < 0.001) upon



Table 3. Univariate and multivariate logistic regression to assess the association of NCAMI with PCl procedural

factors

Variable Univariate OR  95% Cl pvalue  Multivariate OR  95% Cl p value
Multivessel disease 4.50 1.24-16.42  0.02 1.45 0.89-28.0 0.07
Multiple complex lesions 9.97 2.99-33.20 <0.001 12.89 3.11-53.39 <0.001
Thrombus burden 1.2 0.34-1.98 0.56 1.01 0.35-1.98 0.89
Pre-post dilation 0.80 0.28-2.29 0.67 0.40 0.08-1.98 0.26
No stenting 2.34 0.32-12.67 0.26 2.22 0.35-14.67 0.42
Ischemic time >2 h 1.46 0.17-1220 0.72 1.45 0.09-23.72  0.79
Thrombectomy 0.99 0.27-3.50 0.96 0.78 0.14-6.50 0.97
GP2b3a inhibitors use 1.35 0.39-4.70 0.63 2.97 0.51-17.31 0.22

OR, odds ratio; 95% Cl, 95% confidence interval.
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Fig. 2. Kaplan-Meier survival estimates for all-cause death and
heart failure events between patients with NCAMI and patients
without (control). There was no significant difference at 1-year
follow-up between patients with NCAMI and patients without
NCAMI by log-rank test, p = 0.22. NCAMI, nonculprit coronary
artery myocardial infarction.

univariate logistic regression. There was no significant re-
lationship with thrombus burden, thrombectomy use, or
dilatation technique. In a multivariate regression analysis
integrating all the important procedural parameters,
multiple complex coronary lesions were the only inde-
pendent factor related to NCAMI (OR = 12.89; 95% CI
[3.11; 53.39], p < 0.001).

Clinical Outcomes

The median time to follow-up was 365 days, and no
patients were lost to follow-up. In our study population,
there were 15 (12%) all-cause death or heart failure events
at 1-year follow-up. One (9%) death occurred in the

NCAMI group versus none in the control group, and 3
(27%) heart failure events occurred in the NCAMI group
compared to 12 (10%) in patients without NCAMI. The
Kaplan-Meier survival curves at 1 year are shown in Fig-
ure 2.

Discussion

This is one of the few studies with predischarge CMR
focusing on NCAMI, plausible causative associated fac-
tors, and their relationship to infarct characteristics in the
setting of acute anterior STEMI patients treated by PPCI.
Our study shows that NCAMIs are rare and mainly occur
in multivessel disease patients where there is a strong re-
lationship with multiple complex coronary lesions. They
do not seem to be related to any specific revascularization
procedure. However, their presence is related to increased
infarct and MVO size and worse LVEF without signifi-
cant impact on LV remodeling.

There are few reports in the literature on the incidence
of NCAM]J, also referred to as “noninfarct related artery
myocardial infarction,” in STEMI patients treated by
PPCI [22, 23]. Recently, McCann et al. [9] reported up to
4% of patients presenting new CMR-detected infarcts in
a different territory from the culprit coronary artery, in
STEMI patients treated by traditional culprit lesion-only
PPCI. In another report from the DANAMI-3 and PRI-
MULTI studies in a large group of STEMI patients, spon-
taneous nonculprit artery infarct frequency was reported
around 1-2% [10].

In their report, McCann et al. [9] found that there was
a significant 2-fold increase in NCAMI incidence related
to additional revascularization procedures to treat non-



culprit lesions compared to a culprit-only PPCI. In this
report, they also found a significant relationship with cor-
onary lesion complexity as assessed with the SYNTAX
score. In our study, we found a greater rate of “spontane-
ous” NCAMI as the culprit-only PCI group in the report
by McCann et al. [9] but no significant relationship with
any PCI procedure. This might be related to the fact that
no complementary revascularizations were performed
prior to the CMR studies in our study population. In the
setting of PCI for non-AMI patients, reports have shown
that up to one-third of patients undergoing elective PCI
have evidence of new infarction as assessed by LGE-CMR
or troponin elevation [6, 24, 25]. These well-described
type 4a myocardial infarctions according to the universal
definition of MI have been associated with increased ad-
verse clinical outcomes following AMI [26, 27].

Another interesting finding in our study is the signifi-
cant relationship between coronary artery multivessel
disease, multiple complex coronary lesions, and NCAMI
incidence. The first logical explanation for this relation-
ship would be the prior existence of unknown MI either
asymptomatic or related to previous revascularization
procedures. In our analysis, however, the recent onset of
infarct was confirmed by T2-weighted imaging studies
showing edema in the area of the NCAMI. T2w CMR im-
ages are associated with recent MI with high levels of sen-
sitivity and specificity [16]. The accuracy for differentiat-
ing acute from chronic MI with T2w CMR has recently
been shown to be within the first 6 months following in-
farction [28]. Seven patients from our study population
had positive delayed enhancement outside the LAD ter-
ritory, associated with features of chronic infarct scar
(dense sub-endocardial delayed enhancement, no T2w
hyperintensity, and myocardial wall thinning) and were
not classified in the NCAMI group. Finally, no patients in
the NCAMI group had a prior history of MI, and only 1
patient had a prior history of PCI. Therefore, the proba-
bility of prior myocardial infarction in the NCAMI group
is very low.

An alternative explanation for the presence of NCAMI
and the link with coronary artery multivessel disease and
multiple complex coronary lesions is multiple plaque de-
stabilization. In case reports, it was suggested that NCA-
MI was related to multiple plaque destabilization. More
generally, several angiographic studies have reported
worsening and destabilization of coronary atherosclero-
sis in the months after an acute coronary event. In the
acute stage of a coronary syndrome, a worsening of other
lesions initially deemed insignificant in other coronary
branches distinct from the culprit coronary artery has

been reported; this pattern appears in 20% of cases, as
compared with 5% in cases of stable angina [29, 30]. This
rapid development and destabilization of atherosclerotic
lesions can be diffuse, leading to the concept of “pancoro-
naritis” [12, 31, 32]. In a coronary intravascular ultra-
sound study performed in STEMI patients referred to
PPCI, Rioufol et al. [12] showed the presence of ruptured
atherosclerotic plaques in the nonculprit coronary artery
in up to 79% of patients. This report was also confirmed
in an OCT study by Kubo et al. [11] comparing noncul-
prit coronary artery OCT between acute MI patients and
stable angina patients. In this study, OCT examination
demonstrated multiple lesion instability in the presence
of AMI. These plaque ruptures cannot always be diag-
nosed by coronary angiography [33] and could explain
the presence of MI in nonculprit coronary arteries. Also,
studies in larger cohorts of STEMI patients have shown
that multiple complex coronary lesions are present in
one-third of patients and were independently associated
with subsequent death events [21]. The significantly
higher proportion of patients with multiple complex cor-
onary lesions in patients with NCAMI in our study adds
further pathophysiology explanation to this finding. Mul-
tiple coronary complex lesions are associated with further
myocardial damage at the time of acute MI and in turn
are associated with adverse events [21].

Study Limitation

Although our study is based on prospective data, the
post hoc nature of our analysis as well as the realization
of CMR studies only in a small subgroup of patients from
the original study exposes us to a high risk of selection
bias and limits the clinical significance of our findings.
This kind of risk is also present in previous reports where
only up to 47% of all eligible patients undergo CMR [10,
34]. As such, all findings from this exploratory analysis
should be considered as hypothesis generating.

Only 13% of the original CIRCUS study patient popu-
lation underwent a CMR study within the first week fol-
lowing reperfusion. Only centers who had access to a
CMR scanner in the setting of their routine practice par-
ticipated in this substudy. But, the patient population that
participated in this substudy was not significantly differ-
ent from the original cohort, although there was a trend
for being younger. However, CMR studies were carried
out for research purposes only and none were clinically
indicated.

Also, because of the small sample size, there is a statis-
tical power limitation and an increased risk of type I error
for all statistical tests. We tried to control for these risks



by limiting the number of statistical tests and correcting
for multiple comparisons. The association between spe-
cific coronary interventions or the prognostic impact of
NCAMI with adverse outcomes should be assessed in ac-
curately powered studies including larger groups of pa-
tients. The recent report by Ekstrom et al. [10] in a group
of 762 patients clearly shows the negative impact of mul-
tiple scars following STEMI on adverse clinical outcomes.

Another limitation comes from our CMR imaging
protocol. We utilized T2-weighted short-tau inversion
recovery (STIR) sequences in order to evaluate myocar-
dial edema. However, T1 and T2 mapping has demon-
strated a better performance than STIR sequences in
myocardial edema identification [35]. Moreover, STIR
sequences were acquired in 3 short-axis slices only. There-
fore, in this respect, a full coverage of the left ventricle was
not obtained, and small areas of myocardial edema might
have been missed.

Conclusion

Our study shows that NCAMI is present in 8.5% of
acute anterior STEMI and mainly occurs in multivessel
disease patients with multiple complex coronary lesions.
They do not seem to be related to any specific revascular-
ization procedure; however, their presence could be re-
lated with increased infarct and MVO size and worse
functional LV indices. These findings remain to be con-
firmed in larger clinical studies.
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