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Clinical and Cardiovascular Magnetic Resonance Predictors of Early and Long-Term Clinical Outcome in Acute Myocarditis
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Introduction: The natural history of acute myocarditis (AM) remains partially unknown and predictors of outcome are debated. We sought to assess the impact of various cardiac magnetic resonance (CMR) parameters on early and long-term prognosis in a population of patients with AM.

Materials and Methods: In a two-center longitudinal study, we included consecutive patients with diagnosis of AM based on CMR and without hemodynamic compromise. The primary endpoint was the occurrence of an event in the acute phase (≤15 days). Secondary endpoints were the occurrence of major adverse cardiac events (MACE) and recurrence of AM during follow-up.

Results: Three hundred and eighty-eight patients were included [mean age 38.5 years, 77.3% male, mean ejection fraction (EF):56%] of which 82% (317) presented with chest pain. CMR was performed 4 ± 2 days after index presentation. Overall, 38 patients (9.8%) had an event at the acute phase, 41 (10.6%) presented at least one MACE during follow-up (median 7.5 years, 6.6–8.9) and 30 (7.7%) experienced a recurrence of AM. By multivariate analysis, the independent predictors of initial complications were absence of chest pain (OR [95%CI] = 0.35 [0.15–0.82]), presence of syncope/pre-syncope (OR [95%CI] = 3.56 [1.26–10.02]), lower EF (OR [95%CI] = 0.94 [0.91–0.98] per%), myocardial extent of late gadolinium enhancement (LGE) (OR [95%CI] = 1.05 [1.002–1.100] per%) and absence of edema (OR [95%CI] = 0.44 [0.19–0.97]). Only age (HR [95%CI] = 1.021 [1.001–1.041] per year) and an initial alteration of EF (HR [95%CI] = 0.94 [0.91–0.97] per%) were associated with MACE during follow-up. Factors independently associated with AM recurrence were myocarditis prior to the index episodes (HR [95%CI] = 5.74 [1.72–19.22]) and viral syndrome at the index episode (HR [95%CI] = 4.21 [1.91–9.28]).

Conclusion: In routine consecutive hemodynamically stable patients with diagnosis of AM based on CMR, absence of edema, reduced EF, and extent of LGE were associated with early adverse outcome. Only age and EF were associated with long-term events.
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INTRODUCTION

Acute myocarditis (AM) has an underlying viral etiology in most cases and remains difficult to diagnose because of heterogeneous clinical presentations (1). Although the vast majority of patients have no hemodynamic compromise at the acute stage, AM may have a fulminant presentation. It may also lead to potentially life-threatening complications and subsequently to dilated cardiomyopathy and heart failure (2). Endomyocardial biopsy (EMB) is the current gold standard to confirm the diagnosis of AM, but it is invasive and may lack sensitivity due to the focal nature of the disease (3–5). For these reasons, its use is currently limited to severe forms of AM. Indeed, its main interest is to identify particular etiologies that could benefit from specific treatments (3, 5). Cardiovascular magnetic resonance (CMR) has been recognized as the most appropriate non-invasive diagnostic method for AM diagnosis (6, 7). Besides the evaluation of left ventricular (LV) volumes and function, it carries unprecedented diagnostic value for the accurate depiction of myocardial inflammatory lesions and irreversible myocardial damage (6–13). Some CMR parameters have been identified as potential predictors of outcome, although their value remains controversial (14). Previous studies showed that the presence, extent and location of late gadolinium enhancement (LGE) at the acute phase were predictive of poor prognosis (15–17), whereas others did not (18, 19). Those apparent discrepancies may be due to relatively short clinical follow-up in most studies, and especially to the fact that the patient populations are heterogeneous. The study sought to assess the impact of various CMR parameters on early and long-term prognosis in a population of patients with AM diagnosed by CMR.



MATERIALS AND METHODS


Study Protocol

This retrospective study was conducted in two French tertiary centers [Institut Cardiovasculaire Paris Sud (ICPS) and Amiens University hospital] and included consecutive patients with a CMR-based diagnostic of AM. Patients from ICPS (n = 203) were included between October 2008 and December 2011 as previously described (18) and patients from Amiens University hospital (n = 185) were included between 2010 and 2015. Patients who underwent CMR at the time of acute presentation with at least 3 of the following criteria: (1) chest pain, (2) a recent episode (< 1 month) of acute viral infection, (3) repolarization abnormalities on electrocardiogram, (4) elevated troponin, were eligible for this study. A coronary angiography was performed in case of significant ST segment elevation on the ECG or at the discretion of the physicians when deemed appropriate. The diagnosis of AM was based on the presence of intramyocardial and/or subepicardial LGE indicative of myocardial damage, and at least 1 of the following criteria: (1) presence of myocardial edema identified by the presence of spontaneous subepicardial and/or intramyocardial increased signal intensity on T2-weighted spin echo images, (2) subepicardial and/or intramyocardial early gadolinium enhancement indicative of hyperemia, and (3) absence of microvascular obstruction and subendocardial LGE. Exclusion criteria were: (1) Age < 18 years, (2) the presence of severe life-threatening non-cardiac disease, (3) presence of other cardiac disease, and (4) severe hemodynamic compromise that precluded the CMR study. When AM was diagnosed by CMR, medical treatment usually included β-blockers and angiotensin-converting enzyme inhibitors for at least 6 weeks and aspirin if there was an associated pericarditis. In case of acute or subacute heart failure or rhythm disorders, specific treatments were given when appropriate. The study was approved by both institutions local Ethic Committees and conducted in compliance with institutional policies, national legal requirements and the revised principles of the Declaration of Helsinki. The data underlying this article will be shared on reasonable request to the corresponding author.



Cardiovascular Magnetic Resonance Acquisitions

CMR was performed between within 7 days of first symptoms using a Siemens Magnetom Espree® 1.5 T scanner (Erlangen, Germany) and a General Electric Optima MR450 W, 1.5 T (Milwaukee, Wisconsin, United States) using an 8-element phased-array coil. Cine-MR images in the long axis (2, 3, and 4 chambers) and in the short axis, covering the left ventricle from the base to the apex, were obtained using a fast-imaging Steady State Free Precession (SSFP) sequence. Myocardial edema was studied in matched locations using a triple inversion-recovery T2-weighted turbo spin echo sequence with fat and blood suppression inversion pulses (T2 STIR). Next, a bolus of gadolinium contrast (0.1 mmol/kg) was injected with an injector at a dose of 4 ml/s. Presence of LGE was assessed 10 min after the administration of the contrast in matched locations through the use of inversion-recovery 2D fast spoiled gradient echo sequence with an inversion time (TI) set to null normal myocardial signal (determined by TI scout sequence).



Cardiovascular Magnetic Resonance Analysis

All CMR images were independently reviewed by two experienced physicians and, in case of discrepancies, by a third observer to reach a consensus. The myocardium was divided into 17 segments according to the North American Society of Myocardial Imaging consensus (20). LV volumes and ejection fraction were derived by summation of epicardial and endocardial contours. Myocardial edema was defined as a spontaneous hypersignal on black-blood T2-STIR images. LGE extent was evaluated using a semi-quantitative analysis. Each of the 17 myocardial segments of the left ventricle was divided into 3 layers (outer, middle and inner). Myocardial lesions were evaluated in the 3 layers of each segment of the myocardium (18). Myocardial lesions were finally evaluated by planimetry with the use of an automated cut-off greater than 5 SD above the mean signal intensity of the myocardium and expressed as a percentage of the total LV myocardial area.



Follow-Up and Endpoints

The primary clinical endpoint was the occurrence of an event in the acute phase of AM (within 15 days of diagnosis). This criterion was composite and included cardiac death, development or worsening of heart failure (determined by clinicians in each center on the basis of clinical symptoms, signs, laboratory results, and chest X-rays according to the Framingham criteria), sustained ventricular arrhythmia or complete atrioventricular block. Patients were followed over time [median follow-up: 7.5(IQR:6.6–8.9) years] and the secondary clinical endpoints were the occurrence of major adverse cardiac events (MACE) and the recurrence of AM. Events were ascertained by direct patient interview and clinical examination and/or repeated telephone calls to physicians, patients, and (if necessary) next of kin. The adjudication of clinical event was based on a consensus reached by 2 senior cardiologists. MACEs were defined by the occurrence of at least one of the following events: cardiac death, cardiac transplantation, documented sustained ventricular arrythmia, hospitalization for heart failure and hospitalization for cardiac causes. Recurrence of AM was defined as a new episode of clinically suspected AM, at least 6 months after the index episode, with the presence of edema in T2 STIR and LGE.



Statistical Analysis

Baseline continuous variables are expressed as mean ± standard deviation or median [interquartile range], and categorical variables are expressed as numbers and percentages. The normality of data was assessed using the Skewness and Kurtosis normality test. The differences between the groups were assessed with the chi-square test or Fisher exact test for categorical variables and Student’s t-test for continuous variables. Factors associated with the occurrence of events in the acute phase were investigated using multivariate logistic regression analyses including all significant variables in univariate analysis with a p-value < 0.1 to ensure that we do not drop any potentially useful variables from the multivariate analysis. As the presence of a LGE was mandatory to retain the diagnosis of AM in this study, we could not test its impact on the prognosis Factors associated with the occurrence of MACE during follow-up were identified using a Cox multivariate analysis that included all variables with a p-value < 0.10 in univariate analysis. Colinearity was considered in the multivariate analysis if the Pearson coefficient of correlation was > 0.6 or if a covariate’s standard error was > 5.0. Collinear variables were removed from the multivariate analysis. The limit of statistical significance was p < 0.05 and all tests were two-tailed. Data were analyzed using SPSS 27.0 (SPSS Inc. Chicago, IL).




RESULTS


Baseline Clinical Characteristics

Of the 441 patients who were eligible for this study, 388 were included (Figure 1). Baseline clinical characteristics are reported in Table 1. The mean age was 38.5 years and 77.3% of patients were male. Men were younger with more dilated LV than women (Table 1). Most patients (N = 317.82%) presented with chest pain, ECG showing ST segment or T wave abnormalities and a moderate troponin increase. Of these 317 infarct-like patients, 165 (52%) had a rapid coronary angiography for an elevated ST segment in at least 2 contiguous leads, showing angiographically normal arteries. Coronary angiography was waived in the remaining 152 patients (48%) due to the absence of ST elevation and a very low cardiovascular risk profile (mean age 33 years, absence of cardiovascular risk factors). The other symptoms at initial presentation included flu-like syndrome, palpitations, dyspnea and syncope/pre-syncope. Patients with an infarct-like presentation had lower LV EF (p = 0.025), more frequent edema (p = 0.004) and LGE more frequently involving the subepicardial layer of the myocardium (Table 2). Out of the 388 patients enrolled, 32 (8.2%) were lost to follow-up and were censored at the date of the last clinical contact.
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FIGURE 1. Flow chart of the study. *Other cardiac diseases were chemotherapy-induced cardiomyopathy, valve disease, arrhythmogenic right ventricular dysplasia, hypertrophic cardiomyopathy. **Censored at the date of the last clinical contact. FU, follow-up.



TABLE 1. Baseline characteristics of study patients according to gender.
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TABLE 2. CMR characteristics according to initial presentation.

[image: Table 2]


Cardiovascular Magnetic Resonance Data

The mean time between symptoms onset and CMR performance was 4 ± 2 days. Mean LV EF was 56% and mean LV end-diastolic volume was 73 ml/m2. Initial LV dilatation (LV end-diastolic volume > 100 ml/m2) was found in 37 patients (9%). Regional wall motion abnormalities were found in 123 patients (31.7%). Increased signal intensity on T2-STIR images was detected in 245 patients (63.1%). LGE was present in all patients and involved predominantly the lateral wall (84.8%) and subepicardial layer of the LV myocardium (91.0%) (Figure 2). The mean LGE extent was 10.9 ± 7.4% of LV myocardial area. CMR revealed pericardial effusion in 92 patients (23.6%) (Table 1).


[image: image]

FIGURE 2. CMR of 3 patients with acute myocarditis: Case 1: a 21-year-old male patient with chest pain and ST elevation. CMR shows a marked focal edema (T2 STIR) and an intramyocardial nodular LGE of the inferolateral wall. Case 2: a 28-year-old male patient with chest pain, dyspnea, ST depression and elevated troponin. CMR shows no focal edema (T2 STIR) and a subepicardial nodular and linear LGE of the latero-apical and infero-apical walls. Case 3: a 33-year-old female patient with chest pain, palpitations, negative T waves and elevated troponin. CMR shows a moderate focal edema (T2 STIR) of the latero-apical wall and a diffuse intramyocardial and subepicardial, nodular and linear LGE. Images in the left panel of the figure are obtained in Black blood T2-weighted short-inversion-time inversion-recovery (STIR) sequence and allow the identification of edema. Images of the mid and right panel are based on inversion-recovery prepared T1-weighted sequences, performed 10 min after intravenous administration of gadolinium chelate and allow the identification of LGE.




Outcome at the Acute Phase of Acute Myocarditis

Thirty-eight patients (9.8%) experienced an event within 15 days of the AM diagnosis: 1 cardiac death, 22 development or worsening of heart failure (16 were onset and 6 were worsening with mild dyspnea at the time of initial presentation but frank clinical worsening during hospitalization) 13 sustained ventricular arrythmias, and 2 complete atrioventricular blocks. Patients with an early event were older (49 vs. 37 years, p < 0.001), had less chest pain but more syncope or pre-syncope at the time of diagnosis than those with no event (both p < 0.001) (Table 3). Regarding CMR results, Patients with an early event had lower LV EF (p < 0.001), less edema (39.5% vs. 65.7%, p = 0.002) but a more extensive LGE (p = 0.042) (Table 3). By multivariate logistic regression analysis, the absence of chest pain (OR [95%CI] = 0.35 [0.15–0.82]; p = 0.016), the presence of syncope or pre-syncope (OR [95%CI] = 3.56 [1.27–10.02]; p = 0.016), lower LV EF (OR [95%CI] = 0.94 [0.91–0.98] per% decrease; p = 0.006), myocardial extent of LGE (OR [95%CI] = 1.05 [1.002–1.100] per% increase; p = 0.049) and absence of edema (OR [95%CI] = 0.44 [0.19–0.97];p = 0.041) were independently associated with occurrence of events in the acute phase of AM.


TABLE 3. Patients with/without clinical event at the acute phase of AM.
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Major Adverse Cardiac Events During Follow-Up

Forty-one patients (10.5%) developed at least one MACE during follow-up [median: 7.5(IQR:6.6–8.9) years] including cardiac death/heart transplantation in 6 patients, documented sustained ventricular tachycardia in 6 patients, hospitalization for cardiac causes in 15 patients and hospitalization for heart failure in 14 patients. Patients who developed MACE during follow-up were older (46 vs. 38 years, p = 0.001) and had experienced more syncope/pre-syncope during the acute episode (p = 0.016) (Table 4). Patients with MACEs had lower LV EF (p < 0.001), a more extensive LGE (p = 0.036) which involved more frequently the septal wall (p = 0.017), and was more often localized in the midwall layer of the LV (p = 0.002) compared to patients without MACEs. By multivariate Cox analysis, only age (HR [95%CI] = 1.021 [1.001–1.041] per year; p = 0.035), and lower LV EF (HR [95%CI] = 0.94 [0.91–0.97] per% decrease; p < 0.001), remained independently associated with MACE occurrence (Figure 3). Only lower LV EF (HR [95%CI] = 0.90 [0.87–0.94] per% decrease; p < 0.001), remained independently associated with the occurrence of MACE in patients presenting with edema and LGE (n = 245).


TABLE 4. Patients with/without MACE at follow-up.
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FIGURE 3. Univariate and multivariate analysis of variables associated with MACE during follow-up. Forrest plot: Hazard ratio and 95% confidence interval for risk of MACE during follow-up. LGE, late gadolinium enhancement; LV EF, left ventricular ejection fraction; MACE, major cardiac events.


Estimated 7-year event free survival was 94 ± 1% for patients with LV EF > 45% and 81 ± 6% for patients with LV EF ≤ 45% (Log Rank p < 0.001) (Figure 4A). Estimated 7-year event free survival was 94 ± 2% for patients with LGE extent < 10% of myocardial mass and 91 ± 2% for patients with LGE extent ≥ 10% of myocardial mass (Log Rank p = 0.736) (Figure 4B).
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FIGURE 4. Kaplan Meier event-free survival curves according to LV EF (A) and LGE extension (B). LGE, late gadolinium enhancement; LV EF, left ventricular ejection fraction.




Recurrence of Acute Myocarditis

During follow-up, 30 patients (7.7%) experienced a recurrence of AM with a mean delay of 4.9 ± 3.1 years after the initial episode. Patients with recurrent myocarditis reported more viral syndrome at the time of the index episode (50% vs. 27.9%; p = 0.020) and had more often a prior history of myocarditis before this index episode (p = 0.012) (Table 5). By multivariate Cox analysis, these two variables remained independently associated with an AM recurrence during follow-up (HR [95%CI] = 5.74 [1.72–19.22]; p = 0.005 for prior myocarditis and HR [95%CI] = 4.21 [1.91–9.28]; p < 0.001 for viral syndrome).


TABLE 5. Patients with/without recurrence of AM during follow-up.
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DISCUSSION

In this two-center study of 388 consecutive patients with a diagnosis of AM based on CMR with a mild presentation, the absence of edema, reduced LV EF, and extent of LGE were associate with early outcome while the only independent CMR predictor of an adverse long-term outcome was an initial impairment of LV EF. The presence and extent of acute focal myocardial edema and the extent of myocardial tissue damage on LGE-CMR were not independently related to clinical outcome over a long median follow-up of 7.5(6.6–8.9) years (Figure 5).
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FIGURE 5. Summary of the study: study population, CMR characteristics and independent predictors of outcome. AM, acute myocarditis; AV, atrioventricular; CI, confidence interval; CMR, cardiac magnetic resonance; EF, ejection fraction; HR, hazard ratio; LGE, late gadolinium enhancement; MACE, major cardiac events; OR, odd ratio. *Cardiac death, heart failure, ventricular arrhythmia or complete AV block (n = 38). **Cardiac death, cardiac transplantation, sustained ventricular tachycardia hospitalization for heart failure or for cardiac causes (n = 41).


Interestingly, the presence of edema was associated with a better early outcome, suggesting a potential protective role of inflammatory response in the acute phase of AM. McLellan et al. showed consistent results in patients presenting with acute cardiomyopathy, demonstrating that the extent of myocardial inflammation identified by high global relative enhancement was predictive of left ventricular function recovery (21). Vermes et al. reported in a population of 37 AM, that the presence of global and/or regional edema on admission was the sole independent predictor of a subsequent recovery of LV EF, likely reflecting a recovery of reversibly injured myocardium (22). Our data do not explain the mechanism by which edema appears protective. However, as in AM, interstitial space could be increased by the presence of edema and not just by focal fibrosis, we can postulate, that in patients with both LGE and edema, there is active inflammation with the possibility of future healing, whereas in those without edema, LGE would correspond to fibrosis that would be more likely to persist over time. However, it is noteworthy that identification of edema is not always easy with T2 STIR sequences because of several limitations. Indeed, the high signal from stagnant blood in the LV cavity, the low signal-to-noise ratio, and the high sensitivity to myocardial motion complicates its identification. More recent sequences with quantitative T1 and T2 mapping techniques might be well suited to detect myocardial edema or other myocardial tissue alterations in AM with higher sensitivity, but they were not available at the time of our study (23). Nevertheless, these sequences also present some limitations. Firstly, the values can vary significantly between CMR machines and from one manufacturer to another. Secondly, thresholds for the diagnosis of AM are currently missing and comparative data with histopathology is lacking. It also seems difficult in clinical practice to make the diagnosis of AM using only T1/T2 mapping in patients without focal edema and without LGE, with the risk of over diagnosing this condition.

In agreement with previous studies of patients with AM diagnosed either by EMB or CMR (4, 18, 24–26), the initial LV EF determined by CMR was an independent predictor of early and long-term outcome. Patients with AM and LGE are more likely to have greater myocardial damage than patients with AM but no LGE as it may favor progressive left ventricular remodeling and dysfunction and eventually leads to heart failure (14, 26). Furthermore, LGE may play a key role in the genesis of ventricular arrhythmias by promoting reentrant circuits (27). According to a recent meta-analysis, the presence of LGE on baseline CMR in AM is an important independent prognostic marker that portends an increased risk of major adverse cardiac events (14). However, studies evaluated the impact of LGE presence in AM are very heterogeneous. Grün et al. reported that the presence of LGE was independently predictive of long-term all-cause and cardiac mortality in patients with myocarditis proven by biopsy (15). It is important to note that our study population was very different from the latter study where a substantial number of patients had severe heart failure and LV dysfunction (45% in NYHA III-IV, mean LVEF: 45%). Viral genomes are frequently detected in the EMBs of patients with left ventricular systolic dysfunction and the persistence of these viruses, often in the form of recurrent infections, may be involved in the transition from myocarditis to dilated cardiomyopathy (28), or may precipitate the development of heart failure (29). In our study, the presence of LGE was mandatory to establish the diagnosis of AM and therefore, we could not assess the impact of its presence on the prognosis.

The prognostic impact of LGE extent in AM is debated. Gräni et al. found that a 10% increase in the extent of LGE led to a 79% increase in the risk of MACE, after adjustment for LVEF (17). However, their population was different from ours. Indeed, unlike in the current study, only 44% of patients had LGE but almost 50% of patients had heart failure and/or left ventricular dysfunction (mean LVEF 49% vs. 56%) which may partly explain the conflicting results (17). White et al. have recently reported in a series of 100 patients with AM diagnosed by CMR, that neither the presence nor the extent of LGE was associated with improvement in LV EF or reduction in LV end-diastolic volume index at 12 months (19). A pilot study by Aquaro et al. involving patients with AM, preserved LV EF and NYHA class I, suggested that LGE in this acute setting is not synonymous with definitive fibrosis and that the persistence of LGE on repeat CMR at 6 months is associated with poor outcome (30). In our study, the extent of LGE was independently associated with early outcome but not with long-term MACE after adjustment to LV EF, which remained the strongest prognostic marker. It is therefore possible that the extent of LGE at initial presentation reflects the severity of the disease in the early phase, but not at long term, as its course is not predictable and only its persistence or worse its progression may be associated with long term events.

A recent study suggested a relationship between anteroseptal localization of LGE and worse prognosis (16). whereas in the current study, septal localization of LGE was associated with MACE in univariate analysis but not in multivariate analysis. However, the prevalence of anteroseptal involvement was lower in our study (39% of patients with LGE vs. 27% in our study), which may explain this discrepancy. In concordance with our data, Aquaro et al. reported that the extent of LGE was not associated with MACE occurrence (16).

It is important to note that the current findings are only valid in patients with a diagnosis of AM based on CMR with a predominantly infarct-like presentation and without hemodynamic compromise. However, this is the most common presentation of the disease in clinical practice by far. The diagnosis of AM was based on a combination of clinical, electrocardiographic and/or biological arguments, as well as CMR, which showed intramyocardial and/or subepicardial lesions strongly indicative of acute non-ischemic tissue damage. The CMR diagnostic criteria were slightly different from the original Lake-Louise criteria (in effect at the time of the study) according to which a diagnosis of AM is made when at least 2 parameters among T2 hypersignal, early enhancement and late enhancement are met (12). In our study, the presence of subepicardial and/or intramyocardial LGE lesions was required for the diagnosis as this parameter is more specific and limits the possibility of including patients with myocardial edema due to another cause. Similarly, we did not include clinical suspicions of AM with a negative CMR, because we believe that the diagnosis may be questionable in those situations. Finally, to our knowledge, we report the largest study of patients with acute myocarditis confirmed by the presence of non-ischemic typical myocarditis LGE patterns on CMR with the longest follow-up (median 7.5 years).


Limitations

Our study presents the limitations inherent to retrospective analyses. Coronary artery disease has not been ruled out by specific examination in all patients. However, none of the patients had an LGE pattern consistent with myocardial infarction, and coronary angiography was performed when deemed necessary to rule out an acute coronary syndrome. EMB was not performed to confirm the diagnosis of AM. This study did not provide comparisons between CMR lesions and biomarkers to predict clinical outcomes because these markers were not available for all patients. Also, the empirical treatment based on β-blockers and angiotensin-converting enzyme inhibitors might have influence the outcome of patients. T1 and T2 mapping techniques were not available at the time of our study and we cannot rule out the possibility that patients without focal edema might have another diagnosis, even if all patients had a clinical presentation suggestive of AM. CMR does not allow to distinguish the most common lymphocytic-dominant myocarditis from more severe forms of AM such as giant cell, eosinophilic and sarcoid myocarditis, which might be associated with poor outcomes. However, our population consisted only of hemodynamically stable patients with AM of presumed viral origin. Recent data suggest that patients with inherited cardiomyopathies can present with acute myocarditis and that they tend to have worse prognosis compared to “pure” myocarditis (31-33). Unfortunately, this interesting information was not known during the inclusion period of the study and therefore data on family history of cardiomyopathy or AM and genetic testing were not available in our database. Although follow-up is long, it is possible that some events occurred later and that LGE extent could be associated with those later events. Finally, all patients included in this study had early CMR, which represents a selection bias because it excluded the most severe patients.




CONCLUSION

In consecutive routine patients diagnosed with acute myocarditis by CMR with mild presentation and without severe hemodynamic compromise, the absence of edema, reduced LV EF, and extent of LGE were associated with early outcome. In contrast, only age and initial LV EF impairment were predictors of long-term adverse outcome, whereas the presence of myocardial edema and the extent of LGE were not.
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