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Abstract
Objectives To investigate the prognostic role of early post-infarction cardiac magnetic resonance (CMR) on long-term risk strat-
ification of ST segment elevation myocardial infarction (STEMI) patients with preserved left ventricular ejection fraction (LVEF).
Methods Seventy-seven STEMI patients treated by primary percutaneous coronary intervention (PCI) and LVEF > 50% at CMR
were included. The median time between STEMI and CMRwas 5 days (IQR 2–8). LV volumes and function, area at risk (on T2
weighted images), infarcted myocardium (on late enhanced images), intramyocardial hemorrhage, and early and late microvas-
cular obstruction (MVO) were detected and measured. CMR tissue determinants were correlated with the incidence of major
adverse cardiovascular events (MACEs) over a 5-year follow-up.
Results During median follow-up of 4 years (range 3 to 5 years), eight (10%) patients experienced MACE, yielding an annu-
alized event rate of 2.1%. All CMR tissue markers were not significantly different between MACE and no-MACE patients,
except for the presence of late MVO (50% vs. 16%, respectively; p = 0.044) and its extent (2.30 ± 1.64 g vs. 0.18 ± 0.12 g,
respectively; p = 0.000). From receiver-operating characteristic (ROC) curve (area under the curve 0.89; 95% confidence
interval, 0.75–1.0; p = 0.000), late MVO extent > 0.385 g was a strong independent predictor of MACE at long-term follow-
up (sensitivity = 87%, specificity = 90%; hazard ratio = 2.24; 95% confidence interval, 1.51–3.33; p = 0.000).
Conclusions LateMVO extent after primary PCI onCMR seems to be a strong predictor ofMACE at 5-year follow-up in patients
with LVEF > 50%. Noticeably, late MVO extent > 0.385 g provided relevant prognostic insights leading to improved long-term
risk stratification.
Key Points
• Tissue markers provided by cardiac magnetic resonance aid in prognostic stratification after myocardial infarction
• The occurrence of late microvascular obstruction after acute myocardial infarction increases risk of major adverse events at
5-year follow-up.

• The greater microvascular obstruction extent on late gadolinium enhanced images is related to an increased risk of adverse
events in patients with myocardial infarction and preserved left ventricular function.

Keywords Cardiac magnetic resonance . Acute myocardial infarction . Left ventricular ejection fraction . Major adverse
cardiovascular events . Microvascular obstruction

Abbreviations
AAR Area at risk
ACE Angiotensin converting enzyme

AMI Acute myocardial infarction
ARB Angiotensin receptor blocker
AUC Area under the curve
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CABG Coronary artery bypass graft
CMR Cardiac magnetic resonance
EDV End-diastolic volume
ESV End-systolic volume
HF Heart failure
HFPEF Heart failure with preserved ejection fraction
IQR Interquartile range
LGE Late gadolinium enhancement
LVEF Left ventricular ejection fraction
LVSD Left ventricular systolic dysfunction
MACE Major adverse cardiovascular events
MVO Microvascular obstruction
NSTEMI Non ST segment elevation myocardial infarction
PCI Percutaneous coronary intervention
ROC Receiver-operating characteristic
RV Right ventricle
STEMI ST segment elevation myocardial infarction
STIR Short tau inversion recovery
TE Echo time
TI Inversion time
TIMI Thrombolysis in myocardial infarction
TR Repetition time
TSE Turbo spin echo
WMSI Wall motion score index

Introduction

Left ventricular ejection fraction (LVEF) is a well-documented
strong predictor of major adverse cardiovascular events
(MACE) and mortality in patients with previous acute myocar-
dial infarction (AMI) [1–3]. According to the current cardiac
chamber quantifications by echocardiography guidelines,
LVEF values of < 50% are suggestive of abnormal systolic left
ventricular (LV) function [4]. Data from epidemiological stud-
ies and registries show that left ventricular systolic dysfunction
(LVSD) is present in 46–52% of AMI patients within 5 days of
infarct, with a significantly higher incidence of post-infarction
LVSD in patients with STsegment elevation myocardial infarc-
tion (STEMI) versus patients with non ST segment elevation
myocardial infarction (NSTEMI, 48% vs. 36.5%, respectively;
p = 0.001) [5, 6]. Compared to AMI patients with normal LV
function, those with severely impaired LVEF have higher
1-year rates of net adverse clinical events, MACE, cardiac
death, and all-cause mortality (hazard ratio = 4.49) [1, 3].
Therefore, the prognosis of patients with LVEF < 50% has been
deeply investigated, and the clinical and therapeutic manage-
ment is well defined. However, no studies have specifically
investigated the prediction of post-infarction MACE in patients
with preserved LVEF after AMI. A better understanding of
factors involved in the potential development of MACE in
those patients would help to identify high-risk individuals that
could benefit from more aggressive treatment.

Cardiac magnetic resonance (CMR) represents a well-
established and reproducible diagnostic tool, which provides
a combined assessment of the global and regional LV function
and infarction-related myocardial tissue changes, and repre-
sents the non-invasive gold standard for in vivo visualization
and characterization of myocardial damage [7]. Many CMR
parameters have been shown to improve the overall risk strat-
ification of AMI patients with LVSD, including infarct size
[7], microvascular obstruction (MVO) [8], myocardial salvage
[9], post-reperfusion myocardial hemorrhage [10], and right
ventricular (RV) involvement [11].

The present study was designed to investigate the prognos-
tic value of these CMR tissue determinants measured early
after AMI in a cohort of STEMI patients with preserved
LVEF during long-term follow-up.

Materials and methods

Study population

One hundred seventy-three consecutive STEMI patients,
treated by primary percutaneous coronary intervention (PCI)
within 12 h after symptoms onset, who undergone CMR in the
early post-infarction phase (within 8 days from symptoms
onset) between January 2006 and April 2016, were retrospec-
tively evaluated for study inclusion (Fig. 1).

Exclusion criteria were LVEF < 50% assessed by CMR,
Killip class > III at admission, history of previous heart failure
(HF) or coronary revascularization, in-hospital HF, prior AMI,

Fig. 1 Study flow chart. One hundred seventy-three consecutive STEMI
patients treated by primary PCI were evaluated for study inclusion. We
excluded patients with LVEF < 50% and CMR contraindications (claus-
trophobia). Shown are the numbers of patients who were considered
eligible, followed up during the study period, and enrolled in the final
cohort. CMR, cardiac magnetic resonance; LVEF, left ventricular ejection
fraction; PCI, percutaneous coronary intervention; STEMI, ST segment
elevation myocardial infarction
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and CMR contraindications (claustrophobia, hemodynamic in-
stability, and impaired renal function). Clinical variables includ-
ing creatine kinase and troponin I measurements, cardiovascular
risk factors, and pharmacological treatment were collected be-
fore the CMR scan. Coronary intervention and periprocedural
treatment have been accomplished according to the current
European Society of Cardiology (ESC) guidelines [12].

CMR acquisition protocol

CMR studies were conducted by using a 1.5-T scanner
(Magnetom Avanto, Siemens Healthcare) equipped with a
multichannel phase-array cardiac coil. A standardized CMR
protocol, including the ECG-gated cine steady-state free pre-
cession (cine-MR), T2-weighted short tau inversion recovery
(T2w-STIR), early and late gadolinium enhanced (EGE and
LGE, respectively) sequences, was performed in all patients.

Cine-MR sequence details were TE 1.21ms, TR 51.3 ms, flip
angle 45°, slice thickness 8 mm, matrix 256 × 256, field of view
(FoV) ranging from 340 to 400 mm, and in-plane resolution
ranging from 1.3 mm × 1.3 mm to 1.6 mm × 1.6 mm. For
T2w-STIR imaging, breath-hold black-blood segmented TSE
technique was adopted by the use of triple inversion recovery
sequences: TE 75 ms, TR 2 R-to-R intervals, TI 140 ms to null
fat signal, flip angle 150°, slice thickness 8 mm, matrix of 256 ×
256, FoV 340–400 mm, and spatial resolution ranging from
1.3 mm× 1.3 mm to 1.6 mm× 1.6 mm [13]. EGE and LGE
images were obtained by acquiring segmented T1-weighted in-
version recovery (IR) sequences 1 to 4 and 10 to 15 min after
intravenous injection of contrast agent (gadolinium-BOPTA,
Multihance, Bracco Diagnostics Inc.; 0.1 mmol/kg body weight
at 2ml/s), respectively; sequence parameterswere TE2.3ms, TR
5 ms, optimized TI 250/300 ms to null normal myocardium, flip
angle 15°, slice thickness 8 mm, matrix 256 × 256, FoV 340–
400 mm, and spatial resolution ranging from 1.3 mm×1.3 mm
to 1.6 mm× 1.6 mm. All sequences were acquired during short
breath holds, in the same vertical and horizontal long axis, and on
short-axis views completely encompassing the LV.

Image analysis

All images were analyzed by consensus of two CMR-
experienced operators (M.F. and I.C. with 16 and 17 years
of experience, respectively) blinded to clinical, laboratory,
and angiographic findings. Left and right ventricular end-
systolic volume (ESV), end-diastolic volume (EDV), myocar-
dial mass, and ejection fraction (EF) were derived from the
short-axis cine-MR images by manually tracing the endocar-
dial and epicardial borders using a dedicated software (Cvi42,
Circle Cardiovascular Imaging Inc.). A LVEF cut-off value of
50% was used to distinguish patients with preserved LVEF
(> 50%) from those with LVSD (< 50%) [4]. The left ventricle
was divided into 17 segments, based on the standardized AHA

model, to assess wall motion patterns [14]. Functional impair-
ment was expressed qualitatively, assigning to each segment a
motion score from 1 to 4 (1 = normal, 2 = hypokinesia, 3 =
akinesia, and 4 = dyskinesia); the wall motion score index
(WMSI) was then obtained by dividing the sum of all segment
scores for the number of segments.

Area at risk (AAR) extent was quantified on short-axis
T2w-STIR images as myocardium with a signal intensity
> 2SD above the mean signal of healthy, remote myocardium,
as previously described [15]. Similarly, the infarcted myocar-
dial mass was measured from the short-axis LGE images with
a threshold-based method (signal intensity > 5SD of
unenhanced, remote myocardium) [16].

MVO is defined as a subendocardially located dark area
within the hyperenhanced myocardium [17]; it was assessed
on EGE and LGE images (early and late MVO, respectively)
and quantified by manual contouring the hypointense zone
within the enhanced areas [18]. Finally, on T2w-STIR images,
hemorrhagic infarcts were identified as a hypointense core
surrounded by a peripheral hyperintense rim [19].

Follow-up assessment

Follow-up was started at the time of CMR and collected by
periodic phone interviews and review of outpatient clinics or
hospitalization records. MACEs were defined as reinfarction,
cardiac death, coronary revascularization, re-hospitalization
for angina pectoris, congestive heart failure, or arrhythmias.

The primary endpoint was to assess the prognostic value of
CMR tissue features in predicting MACE in STEMI patients
with preserved LVEF at 5-year follow-up.

Statistical analysis

Continuous variables are reported as mean ± standard devia-
tion or median with the corresponding interquartile range
(25th to 75th percentile) as appropriate; categorical data are
expressed as the number and percentage of patients.
Annualized event rates are expressed as the number of patients
experiencing MACE divided by the number of patient-years
follow-up. Comparison of CMR parameters between patients
with MACE or no-MACE was performed with the Student’s
independent samples t test for normally distributed continuous
variables and with the Fischer’s exact test for categorical var-
iables, when an expected cell count was less than five.
Receiver-operating characteristic (ROC) curve analysis was
performed to determine an area under the curve (AUC) for
continuous variables with significant difference between
MACE and no-MACE patients, whereas the optimal cut-off
for these parameters was identified with the Youden’s index,
maximizing sensitivity and specificity. Survival curves were
obtained by Kaplan-Meier analysis with Mantel-Cox log-rank
comparison to illustrate the time-dependent occurrence of the
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primary endpoint (MACE) in relation to the late MVO extent
cut-off value. Univariate Cox regression analysis was used to
estimate the hazard ratios (HR) for the primary endpoint. Risk
factors for the occurrence of the primary endpoint were iden-
tified by performing a multivariate analysis.

Statistical tests were performed with SPSS software, ver-
sion 21.0. All tests were two-tailed, with p < 0.05 considered
as statistically significant; and all confidence intervals (CI)
were calculated to the 95th percentile.

Results

Among 79 eligible patients, two (2.5%) were lost during fol-
low-up, yielding a final cohort of 77 patients (mean age 60 ±
2 years; 63 males, 82%). Baseline clinical and CMR charac-
teristics are summarized in Table 1. More than half of patients
had hypertension (n = 43, 56%) and smoking habits (n = 50,
65%), with a family history of CAD (n = 44, 57%). The over-
all median door-to-balloon time was 110 min (IQR 60–300),
and the majority of patients had TIMI flow grades 0 or 1
before PCI (n = 73, 95%). Cardiovascular medications at hos-
pital discharge were ACE inhibitors/ARB in 83% (n = 64), β-
blockers in 74% (n = 57), statins in 88% (n = 68), aspirin in
58% (n = 45), and clopidogrel in 40% (n = 31) of patients.

Median duration of follow-up was 48 months (range 3 to
5 years). The primary endpoint occurred in eight patients
(10.38%), yielding an annualized event rate of 2.16%. Three
patients (3.89%) were hospitalized due to decompensated
congestive heart failure, and five patients (6.49%) underwent
coronary revascularization (4 PCI and 1 CABG).

The median time between STEMI and CMR was 5 days
(IQR 2–8). Mean LVEF was 56.8 ± 1.0%, and the infarct size
determined by the extent of LGE was 11.4 ± 2.4 g; early and
late MVOs, defined as CMR no-reflow phenomenon, were
detected in 32 (42%) and 15 (19%) patients, respectively.

No statistically significant differences regarding extent of
AAR, infarct size, LVWMSI and the presence of hemorrhagic
infarcts, early MVO, right ventricular edema, and LGE were
found between MACE and no-MACE patients; however,
MACE patients suffered from late MVO more frequently than
no-MACE patients (n= 4, 50% vs. n = 11, 16%; p = 0.044) and
showed larger late MVOs (2.30 ± 1.64 g vs. 0.18 ± 0.12 g; p=
0.000), as shown in Table 2. Receiver-operating characteristic
(ROC) analysis identified an area under the curve of 0.895
(95%CI, 0.750–1.00; p = 0.000) (Fig. 2), and theYouden’s index
(0.775) was maximized to determine a late MVO extent of
0.385 g as the best cut-off value for predicting the primary end-
point, with a sensitivity and a specificity of 87% and 90%, re-
spectively. Kaplan-Meier curves showed that patients with late
MVO size > 0.385 g had a higher likelihood (p = 0.000) of
experiencing MACE at 5 years (events-free mean time
41.4 months; 95% CI, 29.9–52.9) compared to patients with late

MVO extent < 0.385 g (events-free mean time 59.7 months;
95%CI, 59.2–60) (Fig. 3). In univariate Cox regression analysis,

Table 1 Characteristics of patients at baseline. Continuous variables are
mean ± standard deviation or median (25th;75th percentile). Categorical
values are n (%)

Patients (n = 77)

Age (years) 60 ± − 2
Gender (male), n (%) 63 (82)

CV risk factors, n (%)

Hypertension 43 (56)

Hyperlipidemia 36 (47)

CAD family history 44 (57)

Diabetes 7 (9)

Current smoking 50 (65)

Laboratory findings

CK-MB peak (U/L) 124.95 (49.38;174)

Troponin I peak (ng/mL) 3.97 (1.76;18.8)

Door-to-balloon time (min) 110 (60;300)

Angiographic findings, n (%)

TIMI flow pre-PCI: 0–I 73 (95)

TIMI flow pre-PCI: II-III 4 (5)

TIMI flow post-PCI: 0–II 0 (0.0)

TIMI flow post-PCI: III 77 (100)

Drugs at discharge, n (%)

ACE inhibitor/ARB 64 (83)

Beta-blocker 57 (64)

Statin 68 (88)

Aspirin 45 (58)

Clopidogrel 31 (40)

CMR parameters

LVEDV (mL) 125.40 ± 6.31

LVESV (mL) 56.67 ± 3.42

LVEF (%) 56.87 ± 1.02

LV mass (g) 111.13 ± 6.40

Edema extent (g) 18.58 ± 3.82

LGE extent (g) 11.36 ± 2.38

Hemorrhage, n (%) 4 (5)

Early MVO, n (%) 32 (42)

Late MVO, n (%) 15 (19)

Late MVO extent (g) 0.41 ± 0.24

LVWMSI 1.36 ± 0.04

RVedema, n (%) 14 (18)

RV LGE, n (%) 11 (14)

ACE angiotensin converting enzyme, ARB angiotensin receptor blocker,
CAD coronary artery disease, CK-MB creatine kinase MB isoform, CMR
cardiac magnetic resonance, CV cardiovascular, LGE late gadolinium
enhancement, LVEDV left ventricular end-diastolic volume, LVEF left
ventricular ejection fraction, LVESV left ventricular end-systolic volume,
LVWMSI left ventricular wall motion score index, MVO microvascular
obstruction, PCI percutaneous coronary intervention, RV right ventricle,
TIMI thrombolysis in myocardial infarction
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the extent of late MVO>0.385 g was associated with the occur-
rence of the primary endpoint (HR= 2.24; 95% CI, 1.51–3.33;
p = 0.000). Finally, multivariate analysis revealed creatinine (p=
0.002) to be an independent risk factor for MACE at 1 year.

Discussion

In this study, we investigated the prognostic impact of early
post-infarction CMR on long-term risk stratification of 77

successfully reperfused STEMI patients with preserved global
systolic function (LVEF ≥ 50%). The main findings can be
summarized as follow: (1) although a preserved systolic func-
tion is a favorable prognostic factor after AMI, a non-negligible
number of patients (n = 8, 10.4%) experienced MACE over a
5 years of follow-up; (2) the presence and extent of late MVO
are the only CMR tissue features which significantly differ
between MACE and no-MACE patients; and (3) late MVO
cut-off value > 0.385 g was a strong independent predictor of
clinical outcome at long-term follow-up (Fig. 4).

Table 2 Baseline characteristics
of MACE and no-MACE pa-
tients. Continuous variables are
mean ± standard deviation or me-
dian (25th;75th percentile).
Categorical values are n (%).
P values were calculated with the
Student’s independent samples
t test for normally distributed
continuous variables and with
either the Fischer’s exact test for
categorical variables. There were
no significant differences in any
of the baseline CMR parameters
between the MACE and no-
MACE groups, except for late
MVO presence (p = 0.044) and
extent (p = 0.000)

MACE (n = 8) No-MACE (n = 69) p value

Age (years) 61 ± 8 59 ± 3

Gender (male), n (%) 7 (87) 56 (81)

CV risk factors, n (%)

Hypertension 5 (62) 38 (55)

Hyperlipidemia 3 (38) 33 (48)

CAD family history 4 (50) 40 (58)

Diabetes 0 (0.0) 7 (10)

Current smoking 6 (75) 44 (64)

Laboratory findings

CK-MB peak (U/L) 126.3 (79.15;216.15) 123.6 (38.4;174)

Troponin I peak (ng/mL) 4.41 (4.05;11.28) 3.65 (1.62;25.38)

Door-to-balloon time (min) 60 (48.5;108.5) 120 (60;322.5)

Angiographic findings, n (%)

TIMI flow pre-PCI: 0-I 8 (100) 65 (94)

TIMI flow pre-PCI: II–III 0 (0.0) 4 (6)

TIMI flow post-PCI: 0–II 0 (0.0) 0 (0.0)

TIMI flow post-PCI: III 8 (100) 69 (100)

Drugs at discharge, n (%)

ACE inhibitor/ARB 5 (62) 59 (86)

Beta-blocker 7 (87) 50 (72)

Statin 7 (87) 61 (88)

Aspirin 5 (62) 40 (58)

Clopidogrel 4 (50) 27 (39)

CMR parameters

LVEDV (mL) 131.86 ± 16.67 124.65 ± 6.79 0.498

LVESV (mL) 58.97 ± 8.58 54.17 ± 3.68 0.405

LVEF (%) 55.21 ± 2.57 57.06 ± 1.10 0.284

LV mass (g) 114.42 ± 20.94 110.80 ± 6.77 0.752

Edema extent (g) 27.88 ± 18.88 17.57 ± 3.70 0.163

LGE extent (g) 17.3 ± 10.12 10.72 ± 2.38 0.122

Hemorrhage, n (%) 1 (12) 3 (4) 0.365

Early MVO, n (%) 6 (75) 26 (37) 0.061

Late MVO, n (%) 4 (50) 11 (16) 0.044

Late MVO extent (g) 2.30 ± 1.64 0.18 ± 0.12 0.000

LVWMSI 1.31 ± 0.11 1.36 ± 0.05 0.585

RVedema, n (%) 2 (25) 12 (17) 0.613

RV LGE, n (%) 2 (25) 9 (13) 0.283

Abbreviations are identical to the previous table
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Currently, only very few studies have identified a set of
clinical, laboratory, and functional factors that are correlated
withMACE in STEMI patients with preserved ejection fraction
[20, 21]. In a population-based cohort study that included 146
patients with prior MI and LVEF > 50%, Sacha Bathia et al
reported that age, peripheral artery disease, systolic blood

pressure, anemia, renal dysfunction, and respiratory rate were
predictors of death at 1-year follow-up [20]. In the I-
PRESERVE randomized control trial with 618 enrolled, post-
ischemic HFPEF patients, Komajda et al observed that several
clinical variables including NT-proBNP, age, atrial fibrillation,
renal dysfunction, diabetes mellitus, 6-months history of HF
hospitalization, and chronic lung disease were strong multivar-
iable predictors of morbidity and mortality [21].

Recently, Symons et al investigated whether early post-
infarction CMR parameters provide additional long-term
prognostic value beyond traditional prognostic factors in
STEMI patients, and it has been found that MVO is a strong
prognostic factor in revascularized STEMI patients [22, 23].

However, to the best of our knowledge, this is the first study
investigating the role of CMR in prognostic stratification of the
AMI patient’s subgroup with preserved LV systolic function.

Myocardial no-reflow is a relevant phenomenon considering
that the incidence of MVO in successfully reperfused infarcts
ranges from 5 to 50%, according to the imaging time after con-
trast injection and the study group [24, 25]. DeWaha et al studied
512 STEMI patients treated by PCI and found that the presence
and extent of late MVO were independent predictors of cardiac
death,HF, and reinfarction over amedian follow-up of 19months
[18]. In a meta-analysis including more than 1000 patients with
acute myocardial infarction, Van Kranenburg et al showed that
MVO was an independent predictor of MACE at 2 years [26].
Despite the different populations examined, our results confirm,
as reported by these and other studies [25, 27, 28], that CMR-
assessed late MVO is a strong predictor of clinical outcome at
5-year follow-up also in STEMI patients with preserved LV
function, regardless of whether it was considered as a continuous
(late MVO extent) or cut-off (late MVO> 0.385 g) parameter.
Moreover, in our cohort, the probability of experiencing MACE
was approximately 2-fold higher in patients with late MVO>
0.385 g with respect to those with late MVO< 0.385 g.

Several studies have demonstrated a relationship between
MVO and infarct size [29, 30], with the first related to time-to-
reperfusion [31] and the latter being an important predictor of
mortality [27, 32]. However, we did not observe any significant
difference regarding LGE extent betweenMACE and no-MACE
patients with LVEF > 50%, whereas late MVO predicted long-
term clinical outcome independent of infarct size. The reason for
the superior prognostic value of late MVOwith respect to infarct
size may be that, while contrast-enhanced myocardium encom-
passes different degrees of damage, late MVO represents the
most severe grade of myocardial injury (profoundly disturbed
subendocardial microcirculation surrounded by LGE-positive
myocardium). This hypothesis is supported by previous studies
showing that MVO predicts subsequent, post-infarction LV re-
modeling better than infarct size [33–36].

According to themost recent European Society of Cardiology
guidelines on management of STEMI patients, LVEF measure-
ment is recommended for immediate risk stratification of patients

Fig. 3 Kaplan-Meier curves. Kaplan-Meier curves showing the time-to-
first event for the primary composite endpoint (MACE) during follow-up
according to the cut-off value of late microvascular obstruction (MVO)
extent (> 0.385 g). The numbers of patients at risk at the start of each
10 months of follow-up are shown. The p value was calculated with the
Mantel-Cox log-rank test. MACE, major adverse cardiovascular events

Fig. 2 ROCCurve. Receiver-operating characteristic (ROC) curve (blue)
for late MVO extent. ROC analysis identified an area under the curve of
0.895; 95% CI, 0.750–1.00; p = 0.000
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with AMI, considering those with preserved ejection fraction to
be at low risk [37]. However, LVEF assessment represents the
final result of the combination between the hypokinetic infarcted
or stunned myocardium and the ability of the remote/healthy
myocardium to compensate; therefore, it may not sufficiently
reflect the severity of infarction [38]. In line with this concept,
we observed eight adverse cardiac events among 77 STEMI
patients with LVEF > 50%, and lateMVO> 0.385 gwas a stron-
ger predictor of outcome compared to the traditional LV systolic
function determinant.

In our cohort, the higher incidence of early MVO in MACE
patients compared to no-MACE patients was not significant,
even though not negligible (p = 0.061). EarlyMVO is identified
by a prolonged perfusion defect in the core of the infarct on T1-
weighted images obtained within the first minutes after contrast
administration, and its prevalence is higher compared with late
contrast-enhanced images [24, 39]. In our study, among the 17
out of 35 patients with early MVOwho completely filled in the
infarcted area during late enhanced phase filled, 15 showed a
better prognosis (absence of MACE).

Furthermore, it should be noted that in our population of
MACE patients, the right ventricle has been more frequently
involved (RV LGE, 25% vs. 13%), which represents an inde-
pendent factor affecting prognosis [11].

The cause of the adverse effects of late MVO remains spec-
ulative. Wu et al found that MVO was associated with MACE
and LVremodeling (increased myocardial thinning and ventric-
ular volumes at 6 months) [8]. Baks et al observed that dys-
functional cardiac segments without MVO had an increased
end-diastolic wall thickness with respect to segments with
MVO at follow-up [40]. Since ventricular remodeling is an
important long-term prognostic parameter [41], these studies

suggest that MVO may influence clinical outcome through its
impact on subsequent LV remodeling predisposing to MACE.

Finally, in our study, late MVO was present in approxi-
mately 20% of patients, each with an angiographic post-PCI
TIMI flow grade of 3; therefore, there is the need of novel
therapeutic strategies in addition to primary PCI. Our findings
may become clinically relevant for identifying high-risk pa-
tients who may benefit from either more rigorous follow-up or
adjunctive treatments, for example vasodilators, antiplatelet
therapy, thrombolysis, and embolic protection devices [42],
to promote the repair of infarcted myocardium.

Study limitations

Some limitations of our retrospective study need to be addressed.
First, no long-term CMR follow-up studies were conducted after
acute myocardial infarction; thus, we could not provide informa-
tion on the evolution of late MVO and ventricular remodeling
after the acute phase of ischemic event. Second, sample size is
too limited for drawing definite conclusions on prognosis of
STEMI patients with preserved ejection fraction and to investi-
gate influence of gender differences in this specific clinical set-
ting [43]. Third, a 5-year follow-up (median of 48months) on the
patient cohort is not long enough to reach the primary endpoint
for most of the patients (only 10% of the patients reached the
primary endpoint); therefore, the results of the present study re-
quire to be validated over a longer follow-up. Finally, various
reports have demonstrated that mapping techniques are predic-
tors of LV remodeling and MACE [44, 45]. However, these
parameters were not measured and thus their significance cannot
be assessed in the present study.

Fig. 4 Fifty-year-old (a–e, patient 1) and 46-year-old (f–j, patient 2) men
with anteroseptal acute myocardial infarction due to the occlusion of the
proximal left anterior descending artery treated by PCI within 12 h after
symptoms onset (7.4 h and 4.5 h, respectively). T2w-STIR short-axis
views (a, f) revealed large areas-at-risk involving intraventricular septum
and anterior wall, well-matching the gadolinium-enhanced areas on T1w-
EGE (b, g) and T1w-LGE (c, h) images acquired on short-axis view.

MVO occurrence was detected in both patients on both T1w-EGE and
LGE images (late MVO size was 1.8 g for patient 1 and 0.16 g for patient
2). Corresponding cine-MR images acquired in end-diastolic (d, i) and
end-systolic (e, j) phases; LVEF was 52% for patient 1 and 57% for
patient 2. Patient 1 was re-admitted 8 weeks after discharge because of
heart failure; over a 5-year follow-up, no MACE were experienced for
patient 2
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Conclusions

Cardiac magnetic resonance may become the imaging modality
of choice for stratifying STEMI patients given its unique ability
to globally assess ventricular structure and function along with
qualitative and quantitative characterization of infarcted myo-
cardium. CMR-based late MVO extent after primary PCI is a
stronger predictor of MACE at 5-year follow-up with respect to
the traditional post-infarction risk stratification markers (ejec-
tion fraction and infarct size) in patients with LVEF > 50%.
Noticeably, late MVO extent > 0.385 g provided relevant prog-
nostic insights leading to improved long-term risk stratification
of STEMI patients with preserved ejection fraction.
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