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Abstract

Background: Acute myocarditis is an inflammatory condition of the myocardium that typically follows a benign course, although fulmi-
nant cases can be fatal. The clinical trajectory is largely determined by the degree of left ventricular ejection fraction (LVEF) impairment
and the presence of associated complications. Although LVEF often recovers within weeks to months after the acute episode, some
patients develop persistent dysfunction. This study aimed to identify potential predictors of outcomes following acute myocarditis using
data from a single-center registry. Methods: This retrospective study included 157 patients with clinically suspected myocarditis. De-
mographic, echocardiographic, and laboratory variables, as well as clinical outcome data, including recurrent readmissions and persistent
cardiac dysfunction, were collected. Associations between echocardiographic and laboratory parameters and outcomes were analyzed.
Results: Approximately 30% of patients had reduced LVEF (LVEF <55%) during the index hospitalization. Among patients with re-
duced LVEF, 53% exhibited persistent cardiac dysfunction at 4–6 weeks of follow-up. Patients with reduced LVEF had higher troponin
and N-terminal pro-B-type natriuretic peptide levels, as well as longer hospital length of stay. Readmission rates for chest pain were
comparable between groups. Reduced LVEF during the index hospitalization and diabetes were the strongest independent predictors of
persistent cardiac dysfunction. Conclusions: Cardiac dysfunction is common in clinically suspected myocarditis but is not associated
with increased readmission rates. Reduced LVEF and diabetes emerged as potential predictors of persistent cardiac dysfunction following
the acute episode.
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1. Introduction

Acute myocarditis is an inflammatory disorder of the
myocardium, most commonly developing after viral infec-
tion [1]. The reported incidence ranges from 10 to 100 cases
per 100,000 individuals annually worldwide; however, the
true prevalence is likely underestimated because of non-
specific clinical manifestations and frequent underdiagno-
sis [2]. In clinical practice, definitive diagnosis based on
established criteria such as endomyocardial biopsy (EMB)
is not routinely performed. Instead, many patients are
classified as having clinically suspected myocarditis based
on clinical presentation, laboratory findings, electrocardio-
graphic abnormalities, and echocardiographic features [3].
Historically, EMBwas regarded as the diagnostic gold stan-
dard, enabling immunohistological evaluation and molecu-
lar detection ofmicrobial genomeswithinmyocardial tissue
[4]. However, its invasive nature, procedural risks, and lim-
ited sensitivity, combined with the increasing availability of
cardiac magnetic resonance (CMR), have restricted its use
to selected cases [4,5,6]. Advanced CMR techniques, in-
cluding T1 and T2 mapping and extracellular volume quan-
tification, are now widely employed to differentiate acute
from chronic myocardial inflammation [6,7]. By defini-
tion, acute myocarditis is associated with elevated troponin

levels, reflecting myocardial injury, although normal val-
ues may still be observed in a subset of patients [8,9,10].
Additional biomarkers such as natriuretic peptides, short
non-coding RNAs, fibrinogen-to-albumin ratio, and solu-
ble interleukin-2 receptor have also been investigated for
diagnostic and prognostic purposes [11,12,13,14]. Manage-
ment is generally supportive and symptom-directed in mild
cases without left ventricular ejection fraction (LVEF) im-
pairment or heart failure (HF) symptoms, whereas severe
presentations with cardiogenic shock or refractory ventricu-
lar arrhythmias may require mechanical circulatory support
[15,16]. Although most patients experience complete re-
covery of cardiac function after the acute phase, up to 25%
may develop persistent stable dysfunction, and 10%–25%
may progress to worsening ventricular impairment [1]. The
present study aimed to describe outcomes in a single-center
cohort of patients with clinically suspected myocarditis and
to identify clinical and echocardiographic parameters pre-
dictive of persistent cardiac dysfunction.

2. Methods
2.1 Study Population

The study population comprised hospitalized patients
diagnosed with acute myocarditis at Galilee Medical Cen-
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ter in the cardiology and intensive cardiac care units dur-
ing the years 2019–2023. Patients were retrospectively
identified using the diagnostic terms “acute myocarditis”,
“acute idiopathic myocarditis”, and “myocarditis, unspeci-
fied”. The diagnosis was established on the basis of a com-
patible clinical presentation (e.g., chest pain, dyspnea, pal-
pitations, or syncope), elevated and dynamic troponin lev-
els, and echocardiographic evidence of global left ventricu-
lar dysfunction, with or without pericardial effusion. In se-
lected cases, CMR imaging was performed during the index
hospitalization or within several weeks after discharge to
further support the diagnosis. Invasive coronary angiogra-

phy (ICA) was undertaken in patients with clinical features
suggestive of myocardial infarction to exclude obstructive
coronary artery disease. In-hospital management was in-
dividualized according to disease severity. Patients with
mild symptoms were treated with antipyretics and anal-
gesics, whereas oral or intravenous diuretics were admin-
istered in cases of volume overload, particularly when pul-
monary congestion was evident. Beta-blockers and renin–
angiotensin–aldosterone system (RAAS) inhibitors were
initiated in patients with left ventricular dysfunction accom-
panied by clinical signs of heart failure.

Fig. 1. Study flowchart. ECG, electrocardiogram; LVEF, left ventricular ejection fraction.
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2.2 Echocardiography
All patients underwent transthoracic echocardiogra-

phy using a Philips EPIQ 7 system with an EPIQ X8-
2t transducer (Philips, Andover, MA, USA). Echocardio-
graphic measurements were acquired and interpreted by a
cardiologist. LVEFwas calculated using Simpson’s biplane
method from apical four- and two-chamber views, accord-
ing to the formula: LVEF = [(LV end-diastolic volume –
LV end-systolic volume) / LV end-diastolic volume] × 100.
Left ventricular end-diastolic diameter (LVEDD) was ob-
tained in the parasternal long-axis view. Reduced LVEF
was defined as below 55%, and persistent cardiac dysfunc-
tion as LVEF <55% in the follow up echocardiography.
Diastolic function was assessed by calculating the E/eʹ ra-
tio, derived from the average septal and lateral mitral an-
nular tissue Doppler velocities. Left atrial volume index
(LAVI) was determined at end-ventricular systole and cal-
culated as LAVI = left atrial volume / body surface area.
In patients with reduced LVEF during the index hospital-
ization, follow-up echocardiography was performed 4–6
weeks later.

2.3 ECG and Laboratory Findings
Electrocardiographic (ECG) recordings were obtained

for all patients upon admission. Pathological findings were
defined as ST-segment depression 80 ms after the J-point
or new T-wave inversion at the nadir. Atrial and ventricu-
lar arrhythmias were also documented during hospitaliza-
tion. High-sensitivity troponin I (hs-TnI) levels were mea-
sured using the ARCHITECT c-TnI assay (Abbott Park, IL,
USA), with abnormal values defined as >20 ng/L in women
and >30 ng/L in men. Additional laboratory parameters in-
cluded C-reactive protein (CRP), hemoglobin, white blood
cell (WBC) count, and renal function tests.

2.4 Outcomes
Clinical outcomes assessed were length of hospital

stay (LOS), in-hospital complications including arrhythmia
and HF symptoms, and readmissions for chest pain or HF
symptoms. Echocardiographic outcomes included evalua-
tion of LVEF during the index hospitalization and at 4–6
weeks of follow-up in cases where systolic function was
reduced.

Fig. 2. Correlation between troponin level and LVEF. An inverse weak correlation exists between troponin level and LVEF. Tro-
ponin level usually reflects the degree of inflammation and tissue edema. However, this correlation is not linear as some patients with
severe cases of fulminant myocarditis with extensive LGE may have modest troponin elevations, and vice versa. LGE, late gadolinium
enhancement.
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Fig. 3. Correlation between LVEF and LOS. A weak correlation (r = –0.206) is seen between LVEF and LOS. LOS is largely affected
by several factors and therefore may not always reflect the severity of the disease.

2.5 Statistical Analysis

Qualitative variables are presented as percentages,
while quantitative variables are expressed as means with
standard deviation (SD) or medians with interquartile
ranges (IQR). Spearman’s rank correlation test was ap-
plied to assess the association between laboratory values
and LOS. The Wilcoxon rank-sum test was used to exam-
ine associations between clinical parameters and the occur-
rence of complications. Multiple regression analysis was
performed to identify predictors of persistent cardiac dys-
function. A two-sided alpha level of 0.05 was considered
statistically significant. A sample size of 49 patients was
required to achieve 80% statistical power. Statistical analy-
ses were conducted using IBM SPSS Statistics 27 software
(Version 27, IBM Corp., Armonk, NY, USA). The study
was approved by the local ethics committee of GalileeMed-
ical Center; approval number NHR-0121-23.

3. Results
A total of 157 patients (median age 30 years, 82%

males) were included in the final analysis. The flowchart
of the study is depicted in Fig. 1.

Only 3% of patients had a prior history of coronary
artery disease (CAD), and none had a history of myocardi-
tis before the index hospitalization. The predominant pre-

senting symptom was chest pain, followed by palpitations,
dyspnea, and syncope. Baseline comorbidities and medi-
cation use in the study population are summarized in Table
1.

Upon presentation, mean systolic blood pressure
(SBP)was 120mmHg andmean LVEFwas 55%, indicating
that most patients were hemodynamically stable. During
the hospital stay, 16% of patients were treated with intra-
venous diuretics to alleviate congestion symptoms based on
clinical examination and chest X-ray. Patients with reduced
cardiac function (defined as LVEF <55%) were treated with
beta blockers and RAAS inhibitors. Table 2 summarizes the
laboratory, echocardiographic, and main outcomes during
the index hospitalization.

In a subset of patients (30%), CMR results were avail-
able. In them, the findings were consistent with myocardi-
tis. In about 50% of them, high T2 signal was documented,
whereas late gadolinium enhancement (LGE) in all of them
(mainly subepicardial or mid-wall).

High troponin levels were correlated to reduced LVEF
as shown in Fig. 2.

Reduced LVEF was weakly correlated to longer LOS
(r = –0.206) as illustrated in Fig. 3.

In 98 (62%) patients, N-terminal prohormone of brain
natriuretic peptide (NT-proBNP) levels were available. NT-
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Table 1. Baseline characteristics of the patients.
n 157

Age, median (IQR) 30 [22, 40]
Male, n (%) 129 (82)
Hypertension, n (%) 12 (8)
CAD, n (%) 5 (3)
Hyperlipidemia, n (%) 38 (24)
Diabetes mellitus, n (%) 11 (7)
CKD, n (%) 26 (16)
Tobacco use, n (%) 75 (48)
Presenting symptom
Chest pain, n (%) 115 (73)
Palpitations, n (%) 23 (15)
Dyspnea, n (%) 17 (11)
Syncope, n (%) 2 (1)

Previous medications
Statins, n (%) 67 (43)
Aspirin, n (%) 38 (24)
Anti-hypertensive, n (%) 10 (6)
Anti-glycemic, n (%) 11 (7)

CAD, coronary artery disease; CKD, chronic kidney
disease (defined as estimated glomerular filtration rate
<60 mL/min/1.73 m2); IQR, interquartile range.

proBNP was inversely correlated with LVEF (r = –0.423, p
< 0.001). Scatter plot is depicted in Fig. 4.

Using Kaplan-Meier curve we report the readmissions
for recurrent chest pain among patients as depicted in Fig.
5.

During the index hospitalization, 47 patients (30%)
had reduced LVEF (defined as LVEF <55%). The rate of
readmission for chest pain or HF symptoms was similar be-
tween patients with reduced and preserved LVEF [OR =
0.94; 95% CI, 0.45–1.94; p = 0.86]. The Kaplan–Meier
curve illustrating readmissions by LVEF group is shown in
Fig. 6.

During follow-up, patients with reduced LVEF under-
went repeat echocardiography after 4–6 weeks. Among
them, 25 (53%) still had reduced LVEF. All patients with re-
duced LVEF were discharged on beta-blockers and RAAS
inhibitors. Of note, diastolic function was normalized in
all patients. Multiple regression analysis was conducted in
those with persistent ventricular dysfunction to identify po-
tential predictors of incomplete recovery. Table 3 summa-
rizes the results.

After adjusting to potential confounders, reduced
LVEF and diabetes remain significant predictors for per-
sistent reduced LVEF. It is noteworthy that a history of di-
abetes independently increased this risk by tenfold (OR =
10.01, p = 0.038), making it an important factor for identi-
fying high-risk patients in clinical practice. Baseline LVEF
also represents an important risk factor. The lower the
LVEF during the index event, the greater the risk for per-
sistent cardiac dysfunction.

Table 2. Hemodynamic, laboratory, echocardiographic, and
disease course of the study population.

n 157

SBP (mmHg), mean ± SD 120 ± 14
HR (BPM), mean ± SD 76 ± 12
ECG changes, n (%) 60 (38)
WBC (×103/µL), Mean ± SD 10 ± 4
Creatinine (mg/dL), Mean ± SD 0.9 ± 0.3
Hemoglobin (g/dL), Mean ± SD 14 ± 1.5
CRP (mg/L), Median [IQR] 54 [25, 131]
Troponin (ng/L), Median [IQR] 3069 [604, 8748]
CMR, n (%) 47 (30)
Coronary angiography, n (%) 28 (18)
Echocardiographic parameters
LVEF (%), mean ± SD 55 ± 9
LVEDD (mm), mean ± SD 47 ± 5
LAVI (mL/m2), mean ± SD 24 ± 6
E/e', mean ± SD 9 ± 2

Therapy during hospitalization
Diuretics, n (%) 25 (16)
Beta blockers, n (%) 40 (25)
RAAS inhibitors, n (%) 30 (19)

LOS (days), Median [IQR] 4 [3, 5]
Complications, n (%) 35 (22)
BPM, beats per minute; CMR, cardiac magnetic reso-
nance; CRP, C-reactive protein; HR, heart rate; LAVI,
left atrial volume index; LOS, length of stay; LVEDD,
left ventricular end diastolic diameter; LVEF, left ven-
tricular ejection fraction; RAAS, renin angiotensin al-
dosterone system; SBP, systolic blood pressure; SD,
standard deviation; WBC, white blood cell.

Table 3. Multiple logistic regression for predicting persistent
reduced LVEF.

OR 95% CI p value

Age 1.09 0.90–1.20 0.056
Reduced LVEF 2.03 1.42–2.90 <0.001
CRP levels 1.01 0.99–1.02 0.131
Diabetes 10.01 1.30–10.10 0.038
Gender 1.04 0.09–12.26 0.974
Hyperlipidemia 0.36 0.04–3.00 0.345
Hypertension 0.69 0.01–43.59 0.859
Tobacco 0.37 0.06–2.43 0.303
Troponin levels 1.00 1.00–1.00 0.273

4. Discussion

In this study, we evaluated 157 patients with clini-
cally suspected myocarditis and found that 30% exhibited
reduced LVEF during the acute phase. Approximately half
of these patients achieved complete echocardiographic re-
covery (LVEF >55%) within four to six weeks following
the initial episode. Among the evaluated variables, reduced
LVEF in the index event and diabetes emerged as poten-
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Fig. 4. Correlation between NT-proBNP and LVEF. A modest inverse correlation is demonstrated between NT-proBNP levels and
LVEF (r = –0.423). The degree of wall stress reflected by the level of NT-proBNP correlates with tissue inflammation and edema, and
thereby with the degree of cardiac dysfunction. NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

tial predictors for persistent cardiac dysfunction. Patients
with reduced LVEF in the index event were not at increased
risk for readmissions in our study. Possible explanation for
this finding may be that our cohort included stable patients
with relatively mild reduction in LVEF. Also, biomarkers
reflecting “acute injury” such as troponin may not be re-
liable for long term prognostication, while long-term re-
modeling depends more on structural changes or associated
conditions such as diabetes. Diabetes was previously iden-
tified as a risk modifier in myocarditis that may increase
the risk for HF [17]. The inflammatory process in my-
ocarditis may be enhanced in diabetic patients leading to
delayed healing, increased myocardial injury, and maladap-
tive remodeling [17]. The extent of LGE on CMR imag-
ing and the initial clinical presentation also represent im-
portant prognostic indicators for recovery [16]. In a mul-
ticenter registry of 684 patients with acute myocarditis, in-
dividuals presenting with LVEF <50%, ventricular arrhyth-
mias, or low cardiac output syndrome were at significantly
higher risk compared with uncomplicated cases, which gen-
erally had a benign course and a low likelihood of subse-
quent left ventricular systolic dysfunction [15]. Similarly,

in another cohort of patients with clinically suspected my-
ocarditis, advanced NewYork Heart Association functional
class, immunohistological evidence of myocardial inflam-
mation, and lack of beta-blocker therapy were associated
with adverse outcomes [18]. Fulminant myocarditis and
other complicated forms of the disease are also more fre-
quently linked to persistently reduced LVEF over the long
term than non-fulminant or uncomplicated cases [19,20]. In
a recent international cohort of fulminant myocarditis, older
age, lower arterial pH, and a histopathologic diagnosis of gi-
ant cell myocarditis independently predicted in-hospital and
one-year mortality [21]. In our cohort, diastolic dysfunc-
tion normalized in all evaluated patients. Diastolic impair-
ment is commonly observed during the acute phase, likely
related to myocardial inflammation and edema; in the suba-
cute and chronic phases, residual edema and evolving fibro-
sis may contribute to increased stiffness and impaired relax-
ation [22]. In mild myocarditis, diastolic dysfunction typi-
cally resolves within weeks, whereas in severe cases it may
persist due to extensive fibrosis. In the absence of signifi-
cant tissue injury, diastolic function is generally preserved.
In the present study, approximately half of the patients with
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Fig. 5. Kaplan-Meier curve for readmissions.

reduced LVEF demonstrated recovery within one month af-
ter discharge. All patients were hemodynamically stable at
discharge and did not exhibit heart failure symptoms. Those
with reduced LVEF were discharged on beta-blockers and
RAAS inhibitors. Because the clinical condition can dete-
riorate rapidly, sometimes within hours, with progression
to cardiogenic shock or malignant arrhythmias, hospital-
ization for close monitoring is essential in all patients with
suspected myocarditis. Risk stratification should integrate
clinical findings, laboratory data, and multimodality imag-
ing approaches [23,24]. Among 210 patients with endomy-
ocardial biopsy-proven myocarditis followed for two years
at Charité Hospital (Berlin, Germany) under standard heart
failure therapy, approximately half achieved normalization
of LVEF, while the remainder exhibited persistent systolic
dysfunction [8]. It is important to note that in our study,
follow-up echocardiography was performed only within a
few weeks after discharge; longer-term follow-up would
likely reveal a higher proportion of patients achieving com-
plete recovery. Early initiation of medications for HF at
discharge is essential to facilitate ventricular remodeling
and relieve symptoms [8]. A persistent clinical dilemma in
acute myocarditis management is whether to withdraw ther-
apy after LVEF normalization. Treatment decisions should
be guided by clinical judgment, echocardiographic find-
ings, and cardiac magnetic resonance imaging. Notably,

patients with a substantial burden of LGE may benefit from
continued beta-blocker and RAAS inhibitors to reduce the
risk of ventricular arrhythmias and limit further cardiac re-
modeling. Diabetic patients may benefit from early re-
assessment of cardiac function and potential long-term of
anti-remodeling agents.

5. Limitations
Our study has several limitations. First, due to the ret-

rospective design, there are several potential confounders
that may influence the outcomes and were not controlled
and thereby, our findings should be interpreted as associa-
tive rather than causal. Second, the majority of patients
were diagnosed based on clinical presentation, biomarkers,
and echocardiography findings. In selected patients, CMR
was performed and confirmed the diagnosis while ICA was
performed to exclude CAD in patients with suspected acute
coronary syndrome (ACS). Therefore, most patients were
classified as clinically suspected myocarditis, and our find-
ings should be projected to this population. In clinical prac-
tice, many young patients are diagnosed based on these cri-
teria particularly if they are in stable condition. Third, pa-
tients were hemodynamically stable, and therefore, conclu-
sions may not be applicable for other severe cases of my-
ocarditis. Fourth, we assessed the subgroup of patients with
reduced LVEF within approximately one month after dis-
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Fig. 6. Readmission-free survival stratified by LVEF group.

charge. This may lead to an overestimation of the recovery
rate (as the recovery process has not yet been completed).
The recommended period to reevaluate cardiac function un-
der medical therapy is usually three to six months. A rela-
tively high percentage of patients (about 50%) had already
complete remission in cardiac function within weeks. Car-
diac function remission depends on baseline function, the
amount of LGE in CMR, and the time in which anti remod-
eling agents are initiated.

6. Conclusions

In mild cases of clinically suspected myocarditis, tran-
sient impairment of cardiac function is common but does
not appear to be associated with an increased rate of read-
missions for chest pain or HF symptoms. Diabetes and re-
duced LVEF at the index event emerge as the strongest pre-
dictors for persistent LV dysfunction. Early initiation of
HF-directed medical therapy is essential to promote rapid
and complete recovery of ventricular function.
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