
Di Bella et al. J Cardiovasc Magn Reson          (2021) 23:121  
https://doi.org/10.1186/s12968-021-00818-0

RESEARCH

Non‑transmural myocardial infarction 
associated with regional contractile function 
is an independent predictor of positive 
outcome: an integrated approach to myocardial 
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Abstract 

Background:  Cardiovascular magnetic resonance permits assessment of irreversible myocardial fibrosis and contrac-
tile function in patients with previous myocardial infarction. We aimed to assess the prognostic value of myocardial 
fibrotic tissue with preserved/restored contractile activity.

Methods:  In 730 consecutive myocardial infarction patients (64 ± 11 years), we quantified left ventricular (LV) 
end-diastolic (EDV) and end-systolic (ESV) volumes, ejection fraction (EF), regional wall motion (WM) (1 normal, 2 
hypokinetic, 3 akinetic, 4 dyskinetic), and WM score index (WMSI), and measured the transmural (1–50 and 51–100) 
and global extent of the infarct scar by late gadolinium enhancement (LGE). Contractile fibrotic (CT-F) segments were 
identified as those showing WM-1 and WM-2 with LGE ≤ or ≥ 50%.

Results:  During follow-up (median 2.5, range 1–4.7 years), cardiac events (cardiac death or appropriate implantable 
defibrillator shocks) occurred in 123 patients (17%). At univariate analysis, age, LVEDV, LVESV, LVEF, WMSI, extent of 
LGE, segments with transmural extent > 50%, and CT-F segments were associated with cardiac events. At multivariate 
analysis, age > 65 years, LVEF < 30%, WMSI > 1.7, and dilated LVEDV independently predicted cardiac events, while CT-F 
tissue was the only independent predictor of better outcome. After adjustment for LVEF < 30% and LVEDV dilatation, 
the presence of CT-F tissue was associated with good prognosis.

Conclusions:  In addition to CMR imaging parameters associated with adverse outcome (severe LV dysfunction, poor 
WM, and dilated EDV), the presence of fibrotic myocardium showing contractile activity in patients with previous 
myocardial infarction yields a beneficial effect on patient survival.
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Background
Left ventricular (LV) dysfunction is a common finding 
after myocardial infarction (MI) that is associated with 
high morbidity and mortality in patients with heart fail-
ure [1, 2]. It is not only the extent of myocardial necrosis 
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(subendocardial and/or transmural) and the severity of 
myocardial dysfunction in the jeopardized myocardium 
that contribute to post-MI ventricular remodeling, but 
other pathophysiological pathways (e.g., particularly neu-
roendocrine systems) involving the remote zones [3]. In 
this clinical context, contractile function represents a key 
element in counteracting post-ischemic remodeling and 
avoiding progression of LV dysfunction and heart failure 
[4].

Contractile function is synonymous with myocardial 
viability, although several definitions exist based on the 
markers used by different cardiac imaging techniques: 
wall thickness (echocardiography and cine cardiovascu-
lar magnetic resonance [CMR]), myocardial contractile 
reserve (dobutamine stress echocardiography/CMR), 
myocyte cellular integrity (single-photon emission com-
puted tomography  (SPECT)), myocardial metabolism 
(positron emission tomography  (PET)), and myocardial 
scar/fibrosis (late gadolinium enhancement [LGE]) [4–9]. 
It is notable that CMR provides the opportunity to assess 
both the transmural extent of irreversible myocardial 
damage and contractile function. These two variables 
often are intermingled as they can coexist within the 
same myocardial segment, and, importantly, the likeli-
hood of improvement in contractility after revasculariza-
tion is predicted by the transmural extent of the scar, i.e., 
the lower the transmural extent of myocardial scar tissue, 
the higher the probability of functional recovery [10].

Therefore, although the clinical and prognostic impact 
of the different markers of myocardial viability have been 
extensively investigated, it is still unknown whether par-
tially scarred segments showing contractile activity yield 
a prognostic value. The aim of this observational, multi-
center study was to analyze the prognostic value of par-
tially scarred myocardial segments yielding contractile 
activity and the potential additive impact in respect to 
the other predictors of adverse outcome in patients with 
previous MI.

Methods
Patients
We studied 862 consecutive patients with clinical evi-
dence of a prior MI (> 90 days) and a clinical indication 
for CMR, i.e., quantification of LV function and volumes 
and identification of LV thrombi, extent of scar tissue, 
and myocardial viability. Previous MI was documented 
by clinical record, Q-waves at electrocardiography 
(ECG), and angiographic evidence of coronary artery ste-
nosis (luminal diameter reduced by ≥ 50% in the left main 
stem and > 70% stenosis in a major coronary vessel). All 
patients were in stable clinical condition at enrollment. 
Patients were excluded if they had: (1) unstable angina 
or recent evidence of myocardial ischemia (absence of 

elevated troponin) (n = 57, 7%); (2) prosthetic annu-
loplasty and/or prosthetic heart valve (n = 24, 3%); (3) 
hypertrophic cardiomyopathy (n = 14, 2%); (4) history 
of malignancy and/or prior chemotherapy treatment 
(n = 16, 2%); (5) low-quality (non-diagnostic images) or 
incomplete CMR scan (n = 21, 3%). We also excluded 
patients with contraindications for CMR, irregular 
heart rhythm, and New York Heart Association class IV 
because of the difficulty of performing a diagnostic CMR 
scan. Eventually, 730 patients (85%) were included in the 
final stage of the study. Patients were studied either as 
outpatients (n = 160) or during hospitalization (n = 570). 
Clinical variables were collected before the CMR scan.

Institutional internal review boards of the involved 
hospitals approved our observational and retrospec-
tive study; the investigation complies with the principles 
outlined in the Declaration of Helsinki. All patients gave 
informed consent before being enrolled.

CMR data acquisition
CMR was performed using a 1.5  T whole-body CMR 
scanner (CVi, HD release, GE Medical Systems, Milwau-
kee, Wisconsin, USA; Gyroscan NT, Philips Healthcare, 
Amsterdam, the Netherlands).

According to the protocols recommended by the 
Society for Cardiovascular Magnetic Resonance, a 
breath-hold   balanced  steady-state free-precession 
ECG triggered sequence was used to evaluate global 
LV function. LGE images were obtained 10–20  min 
after a bolus injection of gadolinium-based contrast 
medium (0.1  mmol/kg of gadolinium-BOPTA, Multi-
hance, Bracco, Milan, Italy; 0.2 mmol/kg of gadolinium-
DOTA, Dotarem, Guerbet, Roissy, France; or 0.2 mmol/
kg of gadobutrol, Gadovist, Bayer AG, Basel, Switzerland) 
using fast gradient-echocardiography inversion recov-
ery sequences. Inversion time was individually adapted 
to null the signal of remote myocardium (usual range 
220–300 ms). Cine and LGE images were acquired in at 
least one set of matched views including a contiguous LV 
short-axis and one vertical and one horizontal long-axis 
view.

CMR data analysis
All CMR data were analyzed off-line using commer-
cial software (Mass, Medis, Leiden, The Netherlands). 
CMR studies were centrally analyzed in a core-lab with 
consensus among 3 experienced observers (> 5  years’ 
experience) who were blinded to the clinical results and 
follow-up data.

Endocardial and epicardial LV contours were drawn on 
short-axis cine images at end-diastole and end-systole. 
Papillary muscle and trabeculations were considered 
part of the cavity. From these contours, LV end-diastolic 
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volume (LVEDV), LV end-systolic volume (LVESV), LV 
ejection fraction (LVEF), and LV mass were calculated. 
Volumetric measures were normalized to body surface 
area [11]. A 17-segment model was used to describe LV 
segmental wall motion (WM). The WM of each segment 
was graded semiquantitatively (1 normal, 2 hypokinetic, 
3 akinetic, 4 dyskinetic), and WM score index (WMSI) 
was then derived (sum of semiquantitative WM divided 
by 17).

The total extent of myocardial LGE was determined 
semi-automatically, using a cut-off of 5 standard devia-
tions (SD) above the average of remote myocardium. If 
needed, contours were manually corrected [12, 13]. The 
transmural extent of LGE was semiquantitatively meas-
ured in each segment and expressed as a percentage of 
the total thickness of the wall segment; it was subse-
quently clustered as segments with subendocardial (par-
tially scarred) LGE (involving 1–50% of the segment wall 
thickness) and transmural (scarred) LGE (> 50% of the 
segment wall thickness) [10]. Next, the cine and LGE 
findings per segment were compared. Contractile fibrotic 
(CT-F) segments were defined as myocardial segments 
showing WM-1 and evidence of scarring (i.e., LGE ≤ 50% 

or LGE > 50%) and/or segments having WM-2 and 
LGE > 50% (Fig. 1). To assess intraobserver reproducibil-
ity, the same reader repeated this assessment in 100 cases 
with one week between readings; interobserver repro-
ducibility was determined after a second experienced 
observer, blinded to the readings by the first observer, 
made an assessment.

Follow‑up
Follow-up was performed using a questionnaire admin-
istered to the physician during periodic ambulatory 
workup at our institutions (613 patients, 84%) or by tel-
ephone call (117 patients, 16%). This questionnaire was 
administered every year. Cardiac events (CEs) were 
defined as cardiac death and appropriate implantable 
cardioverter-defibrillator (ICD) shock. Appropriate ICD 
shock was considered equivalent to cardiac death. The 
cause of death was documented from medical records 
or death certificates. The definition of cardiac death 
required the documentation of life-threatening arrhyth-
mia or cardiac arrest, or death attributable to heart 
failure or MI in the absence of any other precipitating 
factor. In the case of out-of-hospital death not followed 

Fig. 1  Example of illustration of contractile (partially) fibrotic (CT-F) segments. CT-F segments were identified as those showing wall motion (WM-1) 
and late gadolinium enhancement (LGE) < 50% (A), WM-2 and LGE < 50% (B), WM-1 and LGE > 50% (C), or WM-2 and LGE > 50% (D). Panels E–G show 
an example CT-F segment. Hyper-enhancement area (E, LGE < 50%) in basal inferior segment associated with a good contractility (WM1) comparing 
diastolic frame (F) and systolic frame (G) on cine cardiovascular magnetic resonance images. CT-F, contractile fibrotic; LGE, late gadolinium 
enhancement; SSFP, steady-state free precession; WM, wall motion
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by an autopsy, a sudden, unexpected death was consid-
ered cardiac death. ICD shocks were appropriate if trig-
gered by malignant arrhythmia (ventricular tachycardia 
above the programmed cut-off of the ICD [12 intervals 
at 180 beats/min] or ventricular fibrillation). A complete 
interrogation of the ICD was performed by the referring 
physician in order to confirm the appropriateness of the 
shock [14].

Post-CMR coronary revascularization (either percu-
taneous or surgical) also was recorded. Coronary artery 
disease events included MI and post-CMR coronary 
revascularization.

Statistical analysis
Data analyses were performed using SPSS (version  21, 
Statistical Package for the Social Sciences, International 
Business Machines, Inc., Armonk, New York, USA). 
Statistical significance was considered P < 0.05; all sta-
tistical tests were two-sided. Continuous variables were 
expressed as mean ± SD or median (25th; 75th percen-
tiles) as appropriate; categorical variables were expressed 
as number and percentage. The comparison between 
continuous variables in patients with and without CEs 
was performed by Student’s independent samples t-test 
(Gaussian variables) or Wilcoxon test (skewed variables). 
The comparison between categorical variables was per-
formed either by the chi-squared test or by the Fisher’s 
exact test if an expected cell count was < 5. The correla-
tion between continuous variables was quantified by 
Pearson’s correlation coefficient.

The inter- and intraobserver analysis of CT-F segments 
was performed by calculating the intraclass correlation 
coefficient (ICC).

LVEDV and LVEF were dichotomized according to 
validated cut-offs. In post-hoc analysis, median value was 
used to discriminate large extent/involvement of WMSI 
(> 1.7), LGE extent (> 13%), and number of segments with 
LGE > 50% (≥ 3 segments).

Univariate Cox regression analysis was used to deter-
mine which variables were associated with CEs. In 
multivariate stepwise analysis using the forward selec-
tion technique based on the Wald statistic, all signifi-
cant continuous or dichotomous variables at univariate 
analysis (P < 0.05) were included as potential predictors. 
Given that LVEDV and LVEF were strongly interrelated 
(r = −0.70), two multivariate models including either 
LVEF (model 1) or LVEDV (model 2) were computed 
separately; conversely, both WMSI and LGE were 
included in the same multivariate model as there was no 
substantial collinearity (tolerance > 0.6) that might have 
affected estimation.

On the basis of the global chi-squared statistic of each 
multivariate model, a risk score was computed based on 

the additive value of each significant dichotomous pre-
dictor in the final model. Specifically, each predictor con-
tributed to the risk score with a weight proportional to 
the additive chi-squared statistic calculated in the step-
wise analysis.

We used absence of CT-F (CT-F tissue not observed) 
instead of presence of CT-F to parallel the prognostic 
meaning of the other variables included in the risk score 
calculation.

The Kaplan–Meier survival function was used to repre-
sent the free-event survival in the population.

Results
The median interval between MI and CMR was 
7.5  months (IQR 3–80). Patients with CEs were older 
(P = 0.002), more likely to use diuretic and aldoster-
one receptor  antagonist therapies (P < 0.001), and more 
likely to have > 1 MI (P = 0.005) (Table 1). The CE group 
had higher LV volumes and WMSI and lower LVEF (all 
P < 0.001). The amount of scarring was greater in the 
CE group (P = 0.003), and these patients had signifi-
cantly more LGE segments, in particular, segments with 
LGE > 50% (P = 0.002).

During follow-up, a new coronary event was observed 
in 212 (29%) of 730 patients. Of these, 62/197 coronary 
events (31%) were in patients with absence of CT-F 
and 150/533 (28%) in patients with presence of CT-F 
(P = 0.33).

A total of 1429 of 12,410 segments (11%) were defined 
as CT-F. Of these segments, most were WM-1 and 
LGE < 50% (207 segments, 14%) or WM-2 and LGE < 50% 
(337 segments, 24%), 500 (35%) were WM-2 and 
LGE > 50%, and 385 (27%) were WM-1 and LGE > 50%. 
None of the segments in the last group had a transmural 
LGE extension of > 75%. On the contrary, WM-3 and -4 
were associated with LGE < 50% in 1896 segments (15% 
of total segments) and with LGE > 50% in 578 segments 
(5% of total segments). The group without CEs had a 
higher number of CT-F segments at follow-up than the 
CE group (P = 0.02). There was strong intraobserver con-
sistency (ICC = 0.93, 95% CI 0.91–0.94, P < 0.001) and 
interobserver consistency (ICC = 0.92, 95% CI 0.91–0.94, 
P < 0.001).

During follow-up (median 2.5  years, IQR 1.1 to 4.7), 
123 patients (17%) had CEs (68 cardiac-related deaths 
and 55 appropriate ICD shocks).

Predictors of cardiac death
At univariate analysis, age, LV volumes, LVEF, WMSI, 
extent of LGE, segments with transmural extent > 50%, 
and CT-F segments—both when considered as a con-
tinuous variable (Table  2) or as dichotomic variables 
(Table 3)—were associated with CEs.
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CT-F segments (chi-square 28.1) had an incremental 
predictive value (P < 0.001) compared to segments with 
transmural extent > 50% (chi-square 7.7). Also, at mul-
tivariate analysis, selected identical parameters—both 
when considered as continuous (Table 2) or dichotomic 
(Table  3) variables—were independent predictors of 
CEs. Particularly, age, LVEF, WMSI, and dilated LVEDV 
indexed were independent predictors of worse outcome, 
whereas the presence of CT-F myocardium was the only 
predictor of better outcome (Additional file  1: Tables 
S1–S3).

On survival analysis (Fig. 2A), patients with CT-F tis-
sue (n = 535, 75 CEs) had better prognosis (HR for 
CEs = 0.48, 95% CI 0.33–0.68, P < 0.001) than those with-
out (195 patients, 48 CEs).

Patients with the presence of CT-F myocardium had a 
higher cumulative survival at 2, 5, and 7 years than those 
without (Table 4).

The estimated Kaplan–Meier survival curves in high-
risk patients (age > 65 years, WMSI > 1.7, and LVEF < 30% 
[Fig.  2B] or LVEDV indexed > 112  ml/m2 [Fig.  2C]) 
showed that the presence of CT-F tissue is associated 
with a better prognosis than seen in those without CT-F.

A six-unit risk score was computed based on the 
results of the stepwise Cox regression analyses. Spe-
cifically, three points were assigned to a WMSI > 1.7, 
one point to age > 65  years, one point to either an 
LVEF < 30% or a dilated LVEDV (> 112  ml/m2), and 
one point to the absence of CT-F. Subjects were then 

Table 1  Clinical characteristics and cardiovascular magnetic resonance (CMR) variables in entire population and in subgroups with 
and without cardiac events

ACE-I, angiotensin converting enzyme inhibitor; aldosterone antagonists; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CMR, cardiac magnetic 
resonance; CT-F, contractile fibrotic; ICD, implantable cardioverter defibrillator; LGE, late gadolinium enhancement; LV, left ventricular; LVEDV, left ventricular 
end-diastolic volume; LVEDVi, left ventricular end-diastolic volume indexed; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; MI, 
myocardial infarction; WMSI, wall motion score index

Entire population 
(n = 730)

Cardiac events 
(n = 123)

No cardiac events 
(n = 607)

P-value

Age (years) 63 ± 12 66 ± 10 63 ± 12 0.002

Male sex (%) 88 87 88 0.349

Family history of CAD (%) 48 43 49 0.063

Hypertension (%) 58 59 58 0.151

Diabetes (%) 27 28 27 0.878

Hypercholesterolemia (%) 59 60 59 0.974

No. of stenosed vessels 1.8 ± 0.9  ± 0.9 1.8 ± 0.9 0.09

Beta-blocker (%) 79 87 77 0.06

Diuretics (%) 46 69 40  < 0.001

ACE-I/ARB (%) 80 84 79 0.357

ANTI ALD (%) 30 46 26  < 0.001

 > 1 MI (%) 16 25 14 0.005

ICD (%) 24 54 18  < 0.001

CMR data

 LVEDV (ml/m2) 111 ± 41 136 ± 46 106 ± 38  < 0.001

 LVESV(ml/m2) 71 ± 42 99 ± 43 65 ± 39  < 0.001

 LVEF (%) 41 ± 16 30 ± 10 43 ± 16  < 0.001

 LV mass index 77 ± 22 82 ± 24 76 ± 21 0.02

 LVEF < 30% (%) 29 55 24  < 0.001

 Dilated LVEDVi 39 67 34 0.076

 WMSI 1.7 ± 0.5 2.0 ± 0.5 1.7 ± 0.5  < 0.001

 WMSI > 1.7 (%) 52 48 62  < 0.001

 LGE extent (% of LV mass) 14 ± 8 16 ± 8 14 ± 8 0.003

 LGE extent > median 50 62 47 0.003

 Segments with LGE 6.0 ± 3.2 6.7 ± 3.4 5.9 ± 3.2 0.02

 LGE transmural extent 1–50% (no. of segments) 2.2 ± 2.5 2.1 ± 2.4 2.2 ± 2.5 0.61

 LGE transmural extent 51–100% (no. of segments) 3.8 ± 2.9 4.6 ± 3.1 3.7 ± 2.8 0.002

 CT-F tissue (no. of segments) 1.9 ± 2 1.5 ± 1.7 2.0 ± 2.0 0.02
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divided into four groups based on the values of their 
individual risk score, which allowed the identification 
of subsets of patients at no risk (score 0, blue), low risk 
(score 1–2, green), moderate risk (score 3–4, orange) 
and high risk (score 5–6, red) (Fig. 3, Additional file 1: 
Table S4). Figure 3 shows the Kaplan–Meier curves for 
the four categories of risk score, calculated with two 
models, one using LVEF (Fig. 3A) and the other LVEDV 
(Fig.  3B). As shown in Fig.  3, a significantly better 

event-free survival was observed in score 0 than in the 
other scores; similarly, a worse prognosis was observed 
in patients with a higher score in respect to those hav-
ing a lower score (score 5–6 vs score 3–4; score 3–4 vs 
score 1–2).

Discussion
The main finding of our study is that the presence of 
partially or fully preserved contractility in partially 
scarred myocardium in patients with previous MI is 

Table 2  Hazard ratios of continuous variables for cardiac events (cardiac death and appropriate ICD shocks) at univariate and 
multivariate analysis in patients with previous myocardial infarction

Data presented as hazard ratio (95% CI)
a  < 0.01
b  < 0.001
c  < 0.05

Variable Univariate Multivariate model 1 (EF) Multivariate model 2 (EDV)

Age (years) 1.028 (1.011–1.045)a 1.032 (1.015–1.050)b 1.028 (1.011–1.046)a

 > 1 AMI 1.560 (0.991–2.456)

MI to CMR interval 1.007 (0.970–1.045)

Post-CMR coronary revascularization 1.225 (0.846–1.773)

LVEDV ml/m2 1.009 (1.005–1.012)b 1.007 (1.003–1.011)a

LVESV ml/m2 1.009 (1.006–1.012)b

LVEF 0.954 (0.941–0.967)b 0.962 (0.946–0.978)b

LV Mass index 0.114 (0.998–1.016)

WMSI 2.801 (1.949–4.024)b 2.024 (1.336–3.068)a

No. segments with LGE 1.029 (0.977–1.084)

No. segments with LGE 1–50% 0.934 (0.867–1.045)

No. segments with LGE > 50% 1.087 (1.025–1.153)a

LGE extent (% of LV mass) 1.025 (1.005–1.045)c

CT-F 0.858 (0.772–0.955)a 0.479 (0.330–0.694)b 0.516 (0.357–0.747)b

Table 3  Hazard ratios of dichotomic variables for cardiac events (cardiac death and appropriate ICD shocks) at univariate and 
multivariate analysis in patients with previous myocardial infarction

Data presented as hazard ratio (95% CI)
a  < 0.01
b  < 0.001
c  < 0.05

Dichotomic variable Univariate Multivariate model 1 
(LVEF < 30%)

Multivariate 
model 2 (LVEDV 
dilated)

Age > 65 years 1.65 (1.157–2.372)a 1.649 (1.149–2.367)a 1.664 (1.161–2.386)a

LVEF < 30% (cut-off for severe) 2.682 (1.878–3.829)a 1.956 (1.338–2.860)a

Dilated LVEDV (> 112 ml/m2) 2.796 (1.916–4.080)b 2.047 (1.351–3.103)a

WMSI > 1.7 (median) 3.210 (2.094–4.919)b 2.235 (1.413–3.534)a 2.066 (1.289–3.310)a

LGE > 13% (median) 1.611 (1.120–2.319)c

Segments with > 50% LGE (≥ 3 segments) 1.533 (1.075–2.185)c

Presence of CT-F myocardium 0.476 (0.332–0.683)b 0.538 (0.374–0.774)a 0.516 (0.359–0.742)b
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independently related to better outcome, with fewer 
CEs at follow-up. Also, in patients at high risk of car-
diac death, including those > 65  years, high WMSI, 
and severe LV dysfunction (LVEF < 30%) or increased 
LVEDV, it has a positive prognostic value. The strength 
of this study is that we used comprehensive CMR to 
assess both WM and myocardial fibrosis, reflecting two 
faces of the same medal, i.e., myocardial viability. WM, 
as a viability marker, is used by echocardiography and 
CMR both at rest and after functional or pharmacologi-
cal stress tests, whereas fibrosis, reflecting the amount 
of irreversibly damaged myocardium, is typically shown 
by LGE CMR [5]. The various approaches to predicting 
functional recovery have differing predictive value, with 
markers of contractility having the highest positive pre-
dictive value for prediction of functional recovery [15, 
16]. To appreciate the degree of scar transmurality, we 
used LGE CMR. In the landmark paper by Kim et  al., 
78% of dysfunctional segments with no scar at LGE 
improved contractility after revascularization com-
pared with 55% of those with < 50% transmural scar 

extent and only 2% of the segments with > 75% trans-
mural scar extent [10]. Therefore, a cut-off of 50% of 
transmural extent of scar tissue is actually one of the 
CMR criteria of myocardial viability [5, 17–20].

Indeed, using this CMR definition of myocardial viabil-
ity, Pegg et al. showed that the amount of viable and nor-
mal tissue (≥ 10 segments) was predictive of functional 
improvement after revascularization [20].

More recently, Kwon et  al. used this parameter to 
define jeopardized myocardial segments, concluding that 
these segments were predictive of mortality when revas-
cularization was not performed [19]. In contrast to the 
above-mentioned studies, in which the CMR criterion 
of myocardial segmental viability was based on the pres-
ence of < 50% transmural extent of fibrosis only, we added 
the evaluation of resting contractility in the same seg-
ment. However, because we assessed the patients in the 
chronic phase of post-MI, no predictions can be made 
with regard to contractility status immediately after acute 
MI. Thus, dysfunctional segments in the acute phase may 
be able to recover substantially after effective revasculari-
zation and/or medical therapy.

Prediction of functional recovery in the presence or 
absence of necrosis was not the goal of this study. In fact, 
the true novelty of our study was the assessment of the 
prognostic role of the combined presence of fibrosis and 
contractility in the same segment.

This is important because segments with non-trans-
mural extent of fibrosis, according to the CMR criteria, 
are not a homogenous group since functional recovery 

Fig. 2  Kaplan–Meier survival curves according to presence of contractile fibrotic tissue in entire population (A) and in patients with high risk 
(age > 65, WMSI > 1.7) and LVEF < 30 or LVEDV > 112 (B, C, respectively). LVEDV, end-diastolic volume; LVEDV, left ventricular end-diastolic volume; 
LVEF, left ventricular ejection fraction; WMSI, wall motion score index

Table 4  Survival at 2 years, 5 years, and 8 years according to CT-F

CT-F, contractile fibrotic

Follow-up 
(years)

Lack of CT-F 
myocardium (%)

Presence of CT-F 
myocardium (%)

Overall (%)

2 82.5 92.0 89.5

5 65.9 82.0 77.7

7 58.9 74.4 70.2
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occurs in a portion of them. Indeed, in the study of Pegg 
et  al., about 63% of segments with < 50% transmural 
extent of necrosis had recovered function [20].

In regard to the results of our study, the presence of 
contractility in the partially scarred segments highlights 
the importance of segmental function in the prognostic 
stratification of patients with previous MI. This result 
confirms previous findings showing the independent 
prognostic role of WMSI in the prediction of CEs in 
patients with previous MI [14, 21–24].

In our study, the weight of segmental function/fibrosis 
was confirmed when CT-F tissue was included in the risk 
score together with age and other stronger prognostic 
CMR data, such as severe LV dysfunction and dilated LV.

The improvement of LV regional systolic function is a 
complex and dynamic phenomenon observed not only 
after coronary revascularization but also due to many 
medications [25–29]. Losartan and captopril (echocar-
diographic sub-study of OPTIMAAL trial) have been 
shown to be related to an improvement of segmental sys-
tolic function detected by a reduced WMSI [25]. As doc-
umented in the ANZ carvedilol trial, carvedilol therapy 
for one year was associated with reduced LV volumes, 
increased LVEF, and prevented progressive LV dilation in 
patients with heart failure due to ischemic heart disease 
[26]. The positive prognostic weight may be linked to 

several factors including improvement in global LV func-
tion [25], favoring reverse remodeling [30] and reducing 
the risk of arrhythmias [31]. All of these potential mecha-
nisms may be responsible for the positive prognostic role 
of residual systolic function in post-MI patients. Further, 
it is intriguing that the positive prognostic weight of 
contractility (WM-1, -2) counteracts the negative one of 
myocardial fibrosis, i.e., function is a stronger prognostic 
variable than fibrosis when they are together in the same 
myocardial segments. This may account for the evidence 
that global extent of scar tissue loses its power to predict 
CEs when added to dilated LVEDV, severely depressed 
LVEF, and severe impairment of WMSI.

Limitations
A major limitation of our study is that we do not have 
data about WM and LGE during the acute phase of MI, 
and thus we did not assess the possible contractile recov-
ery of the partially fibrotic segments. However, based 
on previous studies, we supposed that CT-F tissue had a 
transient and reversible dysfunction due to necrosis and 
a successive improvement in WM due to acute or chronic 
revascularization and/or pharmacological data [10, 15, 
16, 18, 25–29].

Fig. 3  Kaplan–Meier survival curves according to six-unit risk score computed on stepwise Cox regression analyses generating groups. The four 
groups based on risk score—no risk (score 0, blue), low risk (score 1–2, green), moderate risk (score 3–4, orange), and high risk (score 5–6, red)—
have considered left ventricular ejection fraction (A, LVEF) and end-diastolic volume (B, LVEDV), respectively
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Neither the number of CT-F segments per patient 
nor the different CT-F patterns per each patient were 
assessed in terms of prognostic weight. Further stud-
ies are needed to show the potential prognostic impact 
of both the number of CT-F segments and the different 
CT-F patterns.

We did not measure systolic wall thickening. How-
ever, we used wall motion analysis, which is a well-
defined and accepted semiquantitative method to 
assess regional systolic function in daily clinical prac-
tice, with the aim to assess the prognostic impact of 
variables used in this context. Also, we did not use a 
T1 mapping sequence because several examinations 
were dated and, thus, this sequence was not available. 
Further, this was a multicenter study using CMR units 
from different vendors, which would make comparison 
of T1 mapping data difficult. Moreover, we used semi-
quantitative methods to assess both WM and transmu-
ral extent of LGE. However, one of the objects of this 
study was to assess the current impact of CMR in daily 
clinical practice, where LGE technique and WM analy-
sis are largely applied in the context of diagnostic and 
therapeutic decision-making; in opposition, T1 map-
ping and quantitative methods of LGE extent and con-
tractility are actually outside the clinical scenario.

Conclusions
In patients with previous MI, cardiac death is the 
result of multifactorial elements including clinical, 
bio-humoral, electrocardiographic, and several imag-
ing variables. In the context of imaging parameters, in 
addition to adverse prognostic factors (severe LV dys-
function, high WM abnormalities, and dilated LVEDV), 
the presence of fibrotic segments having contractile 
activity had an independent protective effect on sur-
vival of patients with previous MI. Larger studies are 
needed to allow generation of a multiparametric score 
for risk stratification of these patients.
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