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Abstract
Background: Prognostic stratification of acute myocarditis (AM) presenting 
with normal left ventricular ejection fraction (LVEF) relies mostly on late gado-
linium enhancement (LGE) characterization. Left ventricular peak global lon-
gitudinal strain (LV- GLS) measured by feature tracking analysis might improve 
prognostication of AM presenting with normal LVEF.
Methods: Data of patients undergoing cardiac magnetic resonance (CMR) 
for clinically suspected AM in seven European Centres (2013– 2020) were ret-
rospectively analysed. Patients with AM confirmed by CMR and LVEF ≥50% 
were included. LGE was visually characterized: localized versus. non- localized, 
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1  |  INTRODUCTION

Acute myocarditis (AM) is characterized by a heterog-
enous clinical presentation and natural history.1,2 AM 
patients presenting with normal left ventricular ejection 
fraction (LVEF) are considered as having benign long- 
term outcomes3,4, but the presence of late gadolinium en-
hancement (LGE) on cardiac magnetic resonance (CMR) 
imaging was demonstrated to confer an increased risk 
of adverse cardiovascular (CV) events (ACEs) and unfa-
vourable evolution5– 7, even in AM with normal LVEF.7,8 
The prognostic role of specific LGE distributions and lo-
calizations is still debated.9,10 Remarkably, up to 25% of 
unselected patients with AM develops persistent cardiac 
dysfunction and 12%– 25% may acutely deteriorate and ei-
ther die or progress to end- stage dilated cardiomyopathy 
(DCM) during follow- up.11 The incidence and prediction 
of new- onset systolic dysfunction remains largely unex-
plored, mostly in low risk myocarditis. Therefore, there is 
an unmet need for tools able to improve the prediction of 
LVEF trajectories in the specific AM population present-
ing with normal LVEF. CMR feature- tracking (FT) strain 
analysis can reveal subtle systolic dysfunction in ≈20% of 
AM patients with normal LVEF12 and reduced CMR- FT 
global longitudinal peak strain (GLS) was demonstrated 
to add incremental value for outcome prediction in un-
selected populations of AM, incremental to LVEF and 
LGE.13

On this basis, we designed a multicentre interna-
tional study to investigate the prognostic implications of 
CMR- FT LV- GLS beyond LGE in AM patients present-
ing with normal LVEF confirmed by CMR Lake Louise 
Criteria (LLC).5,6

2  |  METHODS

This was an international, multicentre, retrospective, 
observational cohort study. Seven tertiary referral cen-
tres for cardiomyopathies and myocarditis across Europe 
(Trieste, Turin, Padua and Messina in Italy, London 
and Manchester in United Kingdom, Maastricht in The 
Netherlands) participated in this study (Table S1). Trieste 
University Hospital (Italy) acted as the coordinating 
centre. The local Regional Institutional Review Board 
approved the study (identifier 43_2009), and the partici-
pating Centres obtained local institutional review board 
approvals, where necessary, for the collection of retro-
spective anonymized data.

2.1 | Study design and inclusion criteria

Data of patients with a diagnosis of suspected AM between 
1 January 2013 and 31 August 2020 were collected. The 
diagnosis of AM was based on current recommendations 

subepicardial versus midwall. LV- GLS was measured by dedicated software. The 
primary outcome was the first occurrence of an adverse cardiovascular event 
(ACE) including cardiac death, life- threatening arrhythmias, development of 
heart failure or of LVEF <50%.
Results: Of 389 screened patients, 256 (66%) fulfilled inclusion criteria: median 
age 36 years, 71% males, median LVEF 60%, median LV- GLS - 17.3%. CMR was 
performed at 4 days from hospitalization. At 27 months, 24 (9%) patients expe-
rienced ≥1 ACE (71% developed LVEF <50%). Compared to the others, they 
had lower median LV- GLS values (−13.9% vs. −17.5%, p  =  .001). At Kaplan– 
Meier analysis, impaired LV- GLS (both considered as > −20% or quartiles), non- 
localized and midwall LGE were associated with ACEs. Patients with LV- GLS 
≤−20% did not experience ACEs. LV- GLS remained associated with ACEs after 
adjustment for non- localized and midwall LGE.
Conclusion: In AM presenting with LVEF ≥50%, LV- GLS provides independ-
ent prognostic value over LGE characterization, improving risk stratification and 
representing a rationale for further studies of therapy in this cohort.

K E Y W O R D S

acute myocarditis, cardiac magnetic resonance, global longitudinal strain, normal left 
ventricular ejection fraction, prognostic stratification
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of the position statement of the European Society of 
Cardiology Working Group on myocardial and pericar-
dial diseases.11 Per protocol, only patients presenting with 
LVEF ≥50% at first echocardiography and CMR were in-
cluded.9 Those presenting with heart failure (HF), major 
ventricular arrhythmic events (i.e., aborted sudden car-
diac death [SCD], sustained or iterative nonsustained ven-
tricular tachycardia [VT]), LVEF <50% or hemodynamic 
instability were excluded. In detail, AM was suspected in 
symptomatic patients with chest pain and at least one of 
the following clinical and imaging diagnostic criteria: new 
electrocardiographic abnormalities, increased troponin, 
wall motion abnormalities with normal LVEF at echocar-
diography and CMR. Then, in all patients, the diagnosis 
of AM had to be confirmed by the presence of myocardial 
edema (T2- weighted imaging or regional elevated T2 val-
ues) and increased myocardial T1 values or LGE in typical 
myocarditis patterns.5,6 CMR exams had to be performed 
within 14 days from index admission. Endomyocardial 
biopsy was not performed in this low- risk population ac-
cording to international statements.11,14 Patients above 
30 years and/or with >1 CV risk factor systematically un-
derwent invasive coronary angiography or computed to-
mography to rule out coronary artery disease. Thereafter, 
pre- specified criteria for final inclusion were centrally re-
vised (A.P., M.M., C.B., G.G.). Follow- up was concluded at 
the end of February 2021.

2.2 | CMR assessment

In all centres, CMR was performed using 1.5 T scanners 
with dedicated cardiac software, a phased- array surface re-
ceiver coil, and vectorcardiogram triggering. CMR images 
were acquired according to the protocols recommended 
by the Society for Cardiovascular Magnetic Resonance.15 
In detail, we acquired cine steady- state free precession 
(cine- SSFP) images during apnea, T2- weighted short- tau 
inversion recovery (STIR) imaging and/or T2 mapping for 
myocardial oedema, and LGE in T1- weighted inversion 
recovery sequences at 5– 10 min after gadolinium injec-
tion (0.1 mmol/kg) in the short- axis (9– 14 images cover-
ing the entire LV), two- chamber, three- chamber, and 
four- chamber planes. The reference CMR criteria for the 
diagnosis of AM were the traditional LLC5 in the period 
2013– 2018 and the updated LLC6 in the period 2019– 2020. 
Retrospective gating was used as adequate ECG triggering 
was obtained in the whole cohort. Ventricular volumes 
and morphology were quantified from the cine images. 
LGE was visually assessed and further categorized into 
epicardial, mid- wall or transmural pattern. We used a 
LGE involving >2 myocardial segments as threshold to 
define LGE extension16: localized LGE (≤2 LV segments) 

or non- localized LGE (>2 LV segments). Edema was as-
sessed using the signal intensity ratio of the myocardium 
versus skeletal muscle on T2- weighted images17 and re-
gional enhancement was evaluated on an 17- segment 
model of the LV. Cardiac deformation imaging was per-
formed using dedicated cardiac software (CVI42®, Circle 
Cardiovascular Imaging). Biventricular endocardial-  and 
epicardial borders were manually traced in long- axis two- 
chamber, three- chamber and four- chamber sequences at 
end- diastole in electrocardiography- gated cine- SSFP se-
quences using a point- and- click approach. Subsequently, 
the software's automatic border tracking algorithm was 
applied. Accurate tracking was assured by visual review 
of all borders. In case of poor tracking, the border was re-
adjusted manually until adequate tracking was achieved. 
Scans that did not allow for a reliable tracking were ex-
cluded from the analysis (n  =  26). SSFP- cine images of 
AM patients were centrally revised and CMR- FT analysis 
was performed at Trieste with the only exception of AM 
patients from London and Padua. The presence and ex-
tent of LGE as well as myocardial edema were assessed at 
the center where the CMR was performed. All participat-
ing centers have recognized experience in the diagnosis 
and management of patients with myocarditis. Variability 
analyses were performed (see “Statistical Analysis”). All 
CMR parameters, including CMR- FT features, were ana-
lysed by operators blinded to patients' baseline character-
istics and outcome.

2.3 | Outcome measures

The primary outcome was an unfavourable evolution de-
fined as the first occurrence of an ACE, which included 
cardiac death, development of clinically symptomatic HF 
requiring administration of diuretics, life- threatening ar-
rhythmias or permanent LVEF <50% with ≥5% drop in 
LVEF (measured by echocardiography). Additional analy-
sis was performed using the development of LVEF<50% 
on echocardiography during follow- up. In each study site, 
patients underwent annual cardiological evaluation, ECG 
recording and echocardiography with measurement of 
LVEF according to Simpson's biplane method. The events 
were collected from the electronical database of each hos-
pital and, if needed and according to local protocols, from 
patients' general practitioners and/or telephone contacts 
with patients and their relatives.

2.4 | Statistical analysis

Descriptive statistics between the study groups were cal-
culated. Continuous variables were expressed as median 
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with interquartile range (IQR) [25°; 75°], according to 
the distribution shape. Differences between groups were 
evaluated using Mann– Whitney U test for continuous 
variables and the Chi- square (χ2) or Fisher's exact test 
for dichotomous variables, as appropriate. To explore the 
effect of LV- GLS on the risk of ACEs, a non- parametric 
smoothed regression approach was used to interpolate the 
relationship.18 In addition, LV- GLS values were grouped 
into quartiles to investigate the relationship with the risk 
of ACEs. The Kaplan– Meier method was used to estimate 
the global survival and the composite end point curve, and 
the log rank test was used to compare the curves. In the 
case of secondary end points, to account for the presence 
of competing risks, cumulative incidence curves were es-
timated and compared using appropriate methods.19 To 
evaluate the incremental prognostic role of CMR- FT LV- 
GLS over standard of care, three predictive nested models 
were compared in an exploratory analysis: the “clinical 
model” (including age, dyspnoea and chest pain at pres-
entation), the “clinical- LGE model” (including “clinical 
model” risk score plus LGE distribution and localiza-
tion) and the “clinical- LGE- GLS” model (including the 
“clinical- LGE model” risk score plus LV- GLS, considered 
as continuous variable). The goodness of fit (chi- square 
test) and c- statistics for each multivariable model for the 
prediction of ACEs were reported. The predictive accu-
racy of risk scores obtained from the multivariable mod-
els was evaluated by means of time- dependent area under 
the curve (AUC) of the corresponding ROC curves.20 
Data on variability analyses is available in Supplementary 
Materials.

We defined a p- value < .05 as statistically significant. 
Statistical analyses were performed using IBM SPSS 
Statistics 24.0 package (New York, NY) statistical software 
version 20 and the software R (R Foundation for Statistical 
Computing; https://www.r- proje ct.org), packages “rms”, 
“cmprsk” and “timeROC”.

3  |  RESULTS

3.1 | Study population

From the initial cohort of 389 consecutive patients re-
ferred to CMR for suspected myocarditis, 133 (34%) were 
excluded: 86 (22%) not fulfilling the inclusion criteria of 
the study, 26 (7%) without suitable images for CMR- FT 
analysis and 22 (6%) without follow- up information 
(Figure S1).

The final study cohort consisted of 256 patients. Table 1 
summarizes the main baseline characteristics of the study 
population. Median age was 36 years, 71% were males. 
Baseline median LVEF measured by CMR was 60% (IQR 

56– 63), while the median LV- GLS was −17.3% (IQR −19.5 
to −15.4). The median time between hospital admission 
and CMR imaging was 4 [IQR 2– 12] days.

3.2 | Outcomes

During a median follow- up of 27 months [IQR 13– 58], a 
total of 30 ACEs occurred. In detail, 6 patients experienced 
more than one CV event. Twenty- four patients (9% of the 
study population) experienced at least one ACE and were 
considered in the outcome analyses (see Table 2 for the 
incidence rate of each specific event). Only two patients 
(0.8%) experienced non- cardiac death during follow- up. 
The development of LVEF <50% was the predominant 
ACE, occurring as first ACE in 17 out of the 24 patients 
(71%) at a median time of 14.5 months. In two out of 17 
(11.7%) cases, the development of LVEF<50% was con-
comitant or preceded by recurrent myocarditis.

3.2.1 | LGE and CV events

Compared to the others, patients experiencing ACEs pre-
sented more frequently mid- wall LGE (29% vs. 10% in 
patients with and without ACEs, respectively, p =  .001) 
and diffuse LGE (83% vs. 54% in patients with and with-
out ACEs, respectively, p  =  .006). At survival analysis, 
non- localized LGE and mid- wall LGE were associated 
with higher rates of ACEs compared to localized LGE and 
subepicardial LGE (p =  .001 and p =  .005, respectively) 
(Figure  1). The presence of anteroseptal (AS) LGE was 
not associated with an increased risk of ACEs (p = .794). 
Of note, all patients experiencing ACEs presented with 
infero- lateral (IL) LGE (Figure S2).

3.2.2 | CMR- FT LV- GLS and ACEs

Median CMR- FT LV- GLS values were more impaired 
in patients experiencing ACEs compared to the others 
(−13.9% [−15.6 to −9.7] vs. −17.5% [−19.7 to −15.7] in 
patients with and without ACEs respectively, p  = .001) 
(Table 1). Moreover, a linear effect of LV- GLS on the risk 
of ACEs was observed until −20%, with a subsequent pla-
teau (Figure 2). This effect was modelled in the multivari-
able regression models.

A full list of parameters tested at univariable analysis 
is showed in Table S3. LV- GLS was associated with ACEs 
(HR for each unit increase 1.375 [1.210– 1.552], p < .001). 
CMR- FT LV- GLS remained always associated to ACEs 
after extensive bivariable analyses, in particular after ad-
justment for LGE distribution or localization (Table 3).

https://www.r-project.org
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At Kaplan– Meier survival analysis, at a median fol-
low- up of 27 months, reduced LV- GLS (both > −20% or 
stratified using quartiles of the study population) was 
associated with an increased risk of ACEs (p  =  .01 and 
p < .001, respectively) (Figure 3). The prognostic value of 
reduced LV- GLS was confirmed also in AM patients pre-
senting with LVEF ≥55% (p = .01) (Figure S3). Finally, no 
ACE was experienced when LV- GLS at presentation was 
<−20%.

3.2.3 | CMR- FT LV- GLS for the prediction of 
LV systolic dysfunction

A full list of parameters tested at univariable analysis for 
development of LVEF <50% is showed in Table  S3. At 
bivariable analysis, LV- GLS remained associated to de-
velopment of LV dysfunction after adjustment for clini-
cal and LGE parameters that were significant following 
univariable analysis (Table  S4). The prognostic value of 

T A B L E  1  Baseline characteristics of the study population

Parameters Available All (n = 256) No ACEs (n = 232) ≥1 ACEs (n = 24)
p 
Value

Age 256 (100%) 36 [25– 50] 35 [25– 48] 49 [22– 65] .07

Male sex 256 (100%) 182 (71%) 165 (71%) 17 (71%) .97

BMI 256 (100%) 24 [23– 28] 24 [23– 28] 26 [21– 31] .49

Flu- like Syndrome 246 (96%) 107 (44%) 98 (44%) 9 (41%) 0.79

Chest Pain 254 (99%) 213 (84%) 197 (86%) 16 (67%) .01

Palpitations 207 (81%) 14 (7%) 10 (6%) 4 (17%) .09 (F)

Dyspnea 217 (85%) 37 (17%) 30 (15%) 7 (37%) .01

Hypertension 203 (79%) 35 (17%) 29 (16%) 6 (30%) .11

Dyslipidemia 199 (78%) 21 (11%) 16 (9%) 5 (28%) .01

Diabetes 200 (78%) 8 (4%) 4 (2%) 4 (21%) .003 (F)

CKD (<60 ml/min) 255 (99%) 5 (2%) 3 (1%) 2 (8%) .07 (F)

Previous MI 216 (85%) 5 (2%) 4 (2%) 1 (4%) .44 (F)

ST Elevation 190 (74%) 69 (36%) 62 (36%) 7 (41%) .66

Negative T waves 196 (77%) 55 (28%) 49 (28%) 6 (33%) .60

QRS >120 ms 195 (77%) 14 (7%) 11 (6%) 3 (20%) .08 (F)

Aspirin 156 (61%) 83 (53%) 80 (57%) 3 (19%) .006 (F)

Beta Blockers 156 (61%) 87 (56%) 79 (56%) 8 (50%) .62

ACE- i 156 (61%) 53 (34%) 48 (34%) 5 (31%) .80

CMR LVEF 256 (100%) 60% [56– 63] 60% [56– 63] 60% [56– 63] .66

CMR LVEF ≥55% 256 (100%) 214 (84%) 195 (84%) 19 (79%) 0.66

LGE Pattern 256 (100%)

Subepicardial LGE 256 (100%) 187 (73%) 177 (76%) 10 (42%) .001

Mid- wall LGE 256 (100%) 30 (12%) 23 (10%) 7 (29%) .001

Subepicardial + Mid- wall 256 (100%) 39 (15%) 32 (14%) 7 (29%) .001

Non- localized LGE 256 (100%) 146 (57%) 126 (54%) 20 (83%) .006

LGE distribution 256 (100%)

AS LGE 256 (100%) 36 (14,1%) 32 (14%) 4 (17%) 0.70

IL LGE 256 (100%) 215 (84%) 191 (82%) 24 (100%) .02

CMR- FT analysis

LV- GLS > −20% 256 (100%) 209 (81.6%) 185 (80%) 24 (100%) .01

Median LV- GLS 256 (100%) - 17.3 [−19.5 to 
−15.4]

−17.5 [−19.7 to 
−15.7]

−13.9 [−15.6 to −9.7] <.001

Bold identifies parameters with statistically significant p values.
Abbreviations: %, percentage; ACE- I, angiotensin- converting enzyme inhibitors; ACEs; adverse cardiovascular events; AS, anteroseptal; BMI, body mass index; 
CKD, chronic kidney disease; CMR- FT, cardiac magnetic resonance feature tracking; F; fischer test; IL, infero- lateral; LGE, late gadolinium enhancement; 
LVEF, left ventricular ejection fraction; LV- GLS, left ventricular-  global longitudinal strain; MI, myocardial infarction.
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CMR- FT LV- GLS, LGE distribution and localization for 
the development of LVEF <50% was further confirmed in 
a dedicated competing risk analysis (Figure S4).

3.3 | Incremental value of CMR- FT 
analysis in predictive models

Three predictive nested models were built and compared 
in an exploratory analysis (see “Statistical Analysis” sec-
tion): the “clinical- LGE- GLS model” resulted in a further 
incremental prognostic accuracy for ACEs with respect 
to the “clinical- LGE model”, in a time- dependent ROC 
analysis (AUC from 0.756 to 0.847; p < .001) (Figure S5).

3.4 | Intra-  and inter- centre variability

Table  S5 shows intra-  and inter- centre variability of 
CMR- FT LV- GLS strain values. Overall, CMR- FT values 

showed a satisfactory level of reproducibility, with an es-
timated 95% CI of ICC value containing 0.90 for LV- GLS.

4  |  DISCUSSION

In the present study, a total of 256 patients were analysed 
from seven international centres. To the best of our knowl-
edge, this is the largest analysis investigating the prognos-
tic role of CMR- FT LV- GLS in AMs confirmed by CMR, 
presenting with normal LVEF and low- risk syndrome. The 
main findings here reported can be summarized as follows: 
(1) CMR- FT LV- GLS is globally reduced (median −17.3%, 
IQR −19.5 to −15.4) in patients with AM confirmed by 
CMR with normal LVEF, compared to available refer-
ence values21,22; (2) during a median follow- up of 2 years, 
a unfavourable natural history identified by the occur-
rence of ACEs was found in 9% of cases (development of 
LVEF <50% in 71% of cases); 3) LV- GLS > −20% at baseline 
CMR- FT analysis is linearly associated with a higher risk 

ACEsa

Events (n = 24)
IR (100 p/
years)

SCD 1 0.12

Aborted SCD due to VF 1 0.12

Appropriate ICD interventionsb 0 - 

SVT 4 0.50

Development of HF 1 0.12

Development of LVEF<50% 17 2.21

Abbreviations: ACEs, adverse cardiovascular events; HF, heart failure; ICD, implantable cardioverter 
defibrillator; IR, incidence rate; LVEF, left ventricular ejection fraction; p/yrs, patients/years; SCD, 
sudden cardiac death; SVT, sustained ventricular tachycardia; VF, ventricular fibrillation.
aThe first ACE has been taken into account.
bATP + shocks on SVT.

T A B L E  2  Incidence of ACEs in the 
study population

F I G U R E  1  Kaplan Meier curves: The prognostic role of non- localized (left panel) and mid- wall (right panel) LGE in predicting ACEs. 
ACEs, adverse cardiovascular events; LGE, late gadolinium enhancement
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of ACEs (even considering particularly the development 
of LVEF <50%), independently of LGE characterization. 
Conversely, values of CMR- FT LV- GLS < −20% were asso-
ciated with a favourable natural history.

These results have major implications for clinical 
practice. Collecting large populations of patients with 
confirmed and well- characterized AM has been a hard 
task to pursue over the years and many studies included 
heterogeneous populations with “clinically suspected” 
AM without CMR- LLC. Conversely, we applied stringent 
inclusion criteria in order to identify a homogenous pop-
ulation of patients with a clinical and CMR diagnosis of 
myocarditis, preserved LV systolic function and no high 
risk features at presentation; and performed deep phe-
notypic cardiac characterization to identify prognostic 
parameters within our cohort. AM with normal LVEF 
has been traditionally reported has having a benign out-
come. However, in the present study, a non- negligible 
incidence of ACEs is observed in the ~2 years following 
AM. This suggests that our current understanding of nat-
ural history in this AM subgroup should be re- evaluated. 
In our cohort, CMR- FT LV- GLS emerged as a novel and 
independent tool for the identification of patients at 
increased risk of adverse evolution, particularly of de-
veloping LV systolic dysfunction. This event commonly 
proceeds the onset of HF and potentially DCM during 
follow- up. This novel finding was endorsed by the ob-
servation that routine measurement of CMR- FT LV- 
GLS in combination with LGE characterization resulted 
in a significantly improved reclassification of patients' 
risk (Figure  S5). This information provides a rationale 
for further studies of therapy in this cohort and patient- 
tailored follow- up.

F I G U R E  2  Relationship between 
LV- GLS and the risk of ACEs. No effect 
of LV- GLS in predicting ACEs was seen 
until −20% and then a linear increasing 
effect was observed. ACEs, adverse 
cardiovascular events; LV- GLS: left 
ventricular global longitudinal strain

T A B L E  3  Bivariable analysis for ACEs

Covariates

HR (95% CI) for ACEs (%)

Unadjusted HR p Value

LV- GLS 1.371 (1.213– 1.550) <.001

Age 1.021 (1.000– 1.042) .04

LV- GLS 1.368 (1.187– 1.576) <.001

Dyslipidemia 2.124 (0.746– 6.047) .15

LV- GLS 1.395 (1.204– 1.617) <.001

Diabetes 4.821 (1.571– 14.796) .006

LV- GLS 1.375 (1.192– 1.586) <.001

Dyspnea 1.996 (0.767– 5.197) .06

LV- GLS 1.379 (1.186– 1.604) <.001

Aspirin/NSAIDs 0.233 (0.066– 0.830) .02

LV- GLS 1.381 (1.213– 1.571) <.001

Subepicardial LGE 0.325 (0.144– 0.734) .007

LV- GLS 1.367 (1.200– 1.558) <.001

Non- localized LGE 2.909 (0.991– 8.540) .05

Bold identifies parameters with statistically significant p values.
Abbreviations: %, percentage; ACEs, adverse cardiovascular events; AS, 
anteroseptal; CI, confidence interval; HR, hazard ratio; LGE, late gadolinium 
enhancement; LV- GLS, left ventricular-  global longitudinal strain; NSAID, 
non- steroidal anti- inflammatory drugs.
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4.1 | The prognostic role of LGE 
characterization

Prognostic stratification in AM patients presenting with 
normal LVEF remains challenging and currently relies on 
clinical characteristics and LGE.1,3,4 Our findings strongly 
support accurate LGE characterization (Figure  1), as 
non- localized and mid- wall distribution patterns were 
associated with unfavourable natural history (even con-
sidering only the development of LVEF <50%). Although 
the prognostic value of LGE is widely recognized17,23,24, its 
reliability in AM patients with normal LVEF and low- risk 
clinical presentations remains controversial. The present 
study expands the existing evidence supporting the prog-
nostic role of LGE characterization in this population.9 
However, AS LGE did not confer a higher risk of ACEs 
in our cohort compared to the ITAMY study, despite a 
similar event rate (9% vs. 7.7%, respectively). A number 
of reasons might explain these discrepancies, including 
different CV events in the primary end point (the devel-
opment of LVEF<50% was not included in the ITAMY 
study) and a longer median follow- up in the ITAMY study 
compared to our analysis (52 vs. 27 months, respectively). 
Of note, in our cohort, AS LGE coexisted with IL LGE in 
all patients experiencing CV events, leading to a diffuse 
LGE pattern. Further research is required to define the 
role of AS LGE in this AM population.

4.2 | The prognostic role of CMR- FT LV- 
GLS

CMR- FT LV- GLS might represent a novel parameter for 
the identification of patients with AM presenting with 
LVEF ≥50% and “low- risk” clinical syndromes who are 
at particularly higher risk of adverse cardiac remodelling. 
The rationale supporting this finding relies on the ability 
of CMR- FT imaging to detect subtle systolic dysfunction, 

as previously reported.12,25,26 Our results suggest that LV- 
GLS should be considered as a continuous rather than bi-
nary (normal vs. reduced) parameter. This concept clearly 
emerged when using strain quartiles (Figure  3) and, 
mostly, from the correlation analysis between LV- GLS 
and ACEs that was higher as LV- GLS value decreased 
below −20%, in an almost linear fashion (Figure  2). 
Remarkably, no AM patient with LV- GLS ≤ −20% experi-
enced ACEs during follow- up. This value supports, in the 
specific scenario of AM presenting with normal LVEF, the 
recently published reference values for CMR- FT from the 
Society for Cardiovascular Magnetic Resonance.27 From a 
clinical perspective, LV- GLS could hypothetically be used 
to identify patients without residual risk of CV events at 
discharge. Although intriguing, further studies on larger 
validation cohorts are required.

Interestingly, the prognostic impact of CMR- FT LV- 
GLS in AM has been recently reported by Fischer et al.13 
That study enrolled only 152 out of 453 (33%) patients 
fulfilling CMR- LLC for the diagnosis of AM, regardless 
of LVEF at presentation. Furthermore, “preserved LVEF” 
was defined as LVEF ≥40%. Therefore, results from the 
subgroup with “preserved LVEF” might not be fully rep-
resentative of the value of CMR- FT LV- CMR in AM with 
LVEF ≥50%. While the study by Fischer et al.13 paved the 
way for the transition of CMR- FT imaging from research 
to clinical practice in unselected AM, our results highlight 
the independent role of CMR- FT LV- GLS in the chal-
lenging subgroup of AM patients presenting with normal 
LVEF, which lacks reliable prognostic markers to date. In 
a sensitivity analysis, this finding was further confirmed 
in the subgroup presenting with LVEF ≥55% (Figure S3). 
CMR- FT is a contrast- free, widely feasible technique 
using cine- SSFP sequences routinely acquired in all CMR 
laboratories.26 Measurements are highly reproducible be-
tween operators12,28 with similar accuracy irrespective of 
field strengths (1.5 and 3 Tesla)29, making this a promising 
technique in the near future.

F I G U R E  3  Kaplan Meier curves: The prognostic role of CMR- FT reduced LV- GLS (Left panel) and LV- GLS stratified in quartiles (right 
panel) in predicting ACEs. LV- GLS, left ventricular global longitudinal strain; ACEs, major adverse cardiovascular events; Q, Quartile. LV- 
GLS values were divided in quartiles, as following: Q1 (≤ −19.59%), Q2 (−19.51% to −17.21%), Q3 (−17.20% to −15.32%) and Q4 (≥ −15.31%)
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4.3 | The quest for novel prognostic tools 
in AM with normal LVEF

The predictive models in our exploratory analysis sug-
gest that CMR- FT LV- GLS might provide an advantage 
over LGE patterns and extent for prognostication of AM 
patients presenting with normal LVEF. Therefore, the rou-
tine measurement of LV- GLS at first CMR might provide 
a closer insight into the real CV risk of AM patients with 
normal LVEF and represents the rationale for further stud-
ies of therapy in this cohort. If our hypothesis is confirmed 
by future studies, LV- GLS could become a robust param-
eter for routine measurement in everyday clinical activity 
for the early identification of AM patients at increased risk 
among those presenting with LVEF ≥50%. Furthermore, 
LGE persistence, extent, pattern and localization might be 
evaluated after the acute phase of AM for risk prediction.30

4.4 | Limitations

The strength of the present analysis lies in the stringent 
inclusion criteria adopted that, unlike other studies, of-
fered the unique opportunity to collect and investigate a 
homogeneous population of patients with CMR- proven 
AM presenting with LVEF ≥50% and low risk features, 
although at the cost of an absolute small number of 
events. This study has intrinsic limitations derived from 
the retrospective design and the possibility of varying 
treatment based on empirical decisions by treating clini-
cians. Among patients who developed LVEF<50% dur-
ing follow- up, 35% (n = 6/17 patients) were taking beta 
blockers and 12% (n  =  2/17 patients) were taking ACE 
inhibitors. Therefore, it is unclear how therapies such 
as beta- blockers and angiotensin- converting enzyme in-
hibitors have influenced ACEs in our cohort. Although 
previous myocardial infarction might increase the risk of 
ACEs, only one out of five patients with a minor myo-
cardial infarction and no subendocardial LGE on CMR 
images experienced an ACE (i.e., development of HF). 
Troponin and natriuretic peptides values were not com-
parable among centres due to different assay sensitivity 
and change in the assay in use over time in the same in-
stitutions. T1 and T2 values were available only in CMR 
exams performed between 2019 and 2020 following the 
publication of the updated LLC for the diagnosis of AM.6 
The presence of LGE was a primary inclusion criterion in 
our study, thus potentially explaining its lower prognos-
tic value compared to previous studies. Characterization 
of LGE extent was not performed, but it suffers from low 
reproducibility among different operators. Myocardial 
edema was variably defined by T2- weighted imaging or 
T2 parametric mapping, according to local protocols. The 

correlation between LV- GLS measured by CMR- FT and 
echocardiography could not be explored in the present 
analysis and requires further dedicated research. The de-
velopment of LVEF <50% does not represent a traditional 
“major” ACE; however, it is a clinically relevant event in 
a population traditionally considered at “low- risk” and 
allowed us to provide novel findings in the clinical man-
agement of those specific AM patients. We performed 
extensive bivariable analyses to confirm the independent 
value of LV- GLS compared to other parameters due to a 
low absolute number of events, which was directly related 
to the low CV risk of the study population. To partially 
overcome this limitation, we performed a sensitivity anal-
ysis adopting the “nested- models” strategy to evaluate 
the independent value of LV- GLS taking into account the 
other relevant clinical variables. Further studies are re-
quired to confirm the results of our hypothesis generating 
research in a full multivariable model. Finally, CMR- FT 
can suffer from inter- vendor variability.

5  |  CONCLUSIONS

In a large cohort of AM patients presenting with normal 
LVEF, CMR- FT LV- GLS provided independent prognos-
tic value over clinical features and LGE patterns. A LV- 
GLS ≤ −20% might aid in the identification of patients 
without residual CV risk and favourable natural history. 
CMR- FT LV- GLS measured at the first CMR is a possible 
tool to improve risk stratification and to guide decision- 
making in routine clinical practice.
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