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The pathophysiology of myocarditis is associated with mild inflammation and may
progress silently, or in severe cases such as fulminant myocarditis, may lead to sudden
hemodynamic compromise. An invasive myocardial biopsy is generally required for a
definitive myocarditis diagnosis. Alternatively, cardiac magnetic resonance (CMR), which
evaluates myocardial characteristics and cardiac function, can be used as a noninvasive tool
for diagnosing myocarditis. We describe the cases of a 49-year-old woman with mild acute
eosinophilic myocarditis and a 48-year-old man with severe acute lymphocytic myocarditis.
CMR was performed during the acute and convalescent phases in both cases. Compared
with mild myocarditis, CMR in severe myocarditis showed higher T2 values and decreased
left ventricular and atrial volumes and strains; however, the right ventricular strain was
preserved. Late gadolinium enhancement showed faint contrast enhancement in the whole
and strong enhancement in the local myocardium. Follow-up CMR showed recovery from
myocardial inflammation and cardiac function. Some late gadolinium enhancement per-
sisted whereas acute inflammation-associated enhancement disappeared. This case report
highlights the differences between the cardiac parameters of patients with mild and severe
myocarditis. Severe myocardial inflammation can be caused by severe heart failure owing to
the concurrent reduction of cardiac function and compliance. Additionally, preserved right
ventricular strain may predict cardiac function recovery in acute myocarditis. Noninvasive
and repeatable CMR provides information on myocardial characteristics, cardiac function,
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and hemodynamics in a single scan at that time, which is useful not only for diagnosis but
also for severity assessment and patient management in acute myocarditis.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Acute myocarditis, induced by viral infections, chemical
agents, drugs, or autoimmunity, results in myocardial cell dys-
function [1]. The clinical course of myocarditis is associated
with mild inflammation and may progress silently, or in se-
vere cases such as fulminant myocarditis, may lead to sudden
hemodynamic compromise [2]. Follow-up monitoring for in-
flammation and hemodynamics is important to patient care
because myocardial inflammation may persist after patients
with acute myocarditis have survived the acute phase. Gen-
erally, a definitive myocarditis diagnosis requires an invasive
endocardial biopsy, which can sometimes result in complica-
tions such as cardiac tamponade [3]. Alternatively, the Lake
Louise Criteria with cardiac magnetic resonance (CMR) imag-
ing can be used for noninvasive myocarditis diagnosis [4]. Ad-
ditionally, CMR can clearly show both ventricular myocardia
without radiation exposure and can provide repeatable biven-
tricular features and functional motion values in inflamma-
tory and hemodynamic follow-ups [5,6]. Therefore, CMR can
be used as a noninvasive, comprehensive diagnostic tool for
cardiac diseases. However, patients with acute myocarditis are
not always hemodynamically stable in the acute phase, thus
CMR examination is often difficult, and there are few follow-
up reports. We hypothesized that CMR-derived multiparame-
ters could reveal differences in characteristics between mild
and severe cases of patients with acute myocarditis undergo-
ing various processes. In this report, we describe 2 cases in
which CMR was useful in differentiating the severity of my-
ocarditis and in observing the subsequent recovery process.

Case report

From December 2016 to May 2022, we enrolled 2 patients who
underwent CMR twice, once in the acute phase and once in
the convalescent phase, in a group of patients diagnosed with
acute coronary syndrome in our hospital, without predomi-
nant stenosis from coronary angiography and with acute my-
ocarditis from myocardial biopsy. The study was approved
by the institutional review board and was conducted in ac-
cordance with the ethical principles of the Declaration of
Helsinki. Written informed consent was obtained from each
patient.

Cine, T2-weighted, T2 mapping, and late gadolinium en-
hancement (LGE) of CMR sequences were performed with
electrocardiography-gating using a 3.0-T magnetic resonance
imaging (MRI) system (Ingenia, Philips Healthcare, Best, The
Netherlands) equipped with a 33-mT/m maximum gradient
strength, 120-T/ms slew rate, and a 32-channel phased-array
receiver coil. T2 value was analyzed using SYNAPSE VINCENT

software (Fujifilm Co, Tokyo, Japan). Cardiac function was an-
alyzed using Extended Workspace (Philips Healthcare, Best,
The Netherlands). Strain was analyzed using an in-house-
developed off-line feature-tracking application that had been
validated in a previous clinical study [7]. The CMR sequence
parameters were as follows:

Cine: repetition time (TR)/echo time (TE), 3.0/1.49 ms; flip
angle (FA), 50°; slice thickness, 6 mm; field of view (FOV),
350 x 350 mm,; acquisition matrix, 176 x 201; SENSE (sensi-
tivity encoding) factor, 2.5; and heart phases, 20 phases/beat.

T2-weighted: TR/TE, 2 heartbeats/70 ms; FA, 90° FOV,
350 x 350 mm; slice thickness, 10 mm; acquisition matrix,
236 x 162; SENSE factor, 2; and fat suppression, short tau in-
version recovery.

T2 mapping: TR/TE, 1 heartbeat/first TE=1.5 ms, delta
TE=10 ms; number of echo, 5 echoes; FA, 15°; FOV, 350 x 350
mm; slice thickness, 10 mm; acquisition matrix, 176 x 173;
SENSE factor, 2.

LGE: TR/TE, 3.2 ms/1.5 ms; FA, 15° FOV, 350 x 350 mm; slice
thickness, 10 mm; acquisition matrix, 236 x 172; SENSE fac-
tor, 3.2; and images were acquired 10-15 minutes after injec-
tion of gadolinium-DO3A-butriol (Gadovist, Bayer, Germany;
0.1 mmol/kg). The inversion time was optimized to null the
signal in the normal myocardium.

Case 1. Eosinophilic myocarditis with mild inflammation: A 49-
year-old woman was admitted to the emergency department
with throat tightness and molar and right shoulder pain, as-
sociated with ST-segment elevation on leads V2 and V3 of a
12-lead electrocardiogram (ECG) (Fig. 1). Two years prior, she
had started raising guinea pigs, 6 months after which she de-
veloped symptoms of asthma and started receiving inhalation
therapy. Laboratory test results showed that troponin, creati-
nine kinase (CK), and C-reactive protein (CRP) levels and white
blood cell (WBC) and eosinophil counts were elevated (Table 1).
Echocardiography revealed mildly impaired left ventricular
(LV) function. Furthermore, coronary angiography (CAG) did
not reveal significant coronary artery stenosis (CAS). Subse-
quently, a myocardial biopsy confirmed eosinophil infiltration
in the edematous myocardial interstitium, and eosinophilic
myocarditis was diagnosed. Treatment was initiated with 30
mg/d of prednisolone (steroid).

Case 2. Lymphocytic myocarditis with severe inflammation: A
48-year-old man was admitted to the emergency department
with cough, dyspnea, and chest pain associated with poor R-
wave progression on a 12-lead ECG (Fig. 1). Laboratory tests
demonstrated elevated troponin, CK, and CRP levels and WBC
counts (Table 1). Echocardiography revealed severe LV func-
tion impairment and diffuse myocardial hypertrophy. After
ruling out significant CAS with a CAG, a myocardial biopsy
revealed a prominent inflammatory cell infiltrate consisting
mainly of lymphocytes, and lymphocytic myocarditis was di-
agnosed. Treatment was initiated with 2 mg/d of perindopril
(ACE-I) and 12.5 mg/d of eplerenone (aldosterone antagonist).
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Fig. 1 - Electrocardiogram and T2 mapping in patients with myocarditis during acute and convalescent phases. The normal
myocardial T2 value in our hospital is 47 ms. Eosinophilic myocarditis with mild inflammation (left side): Electrocardiogram
shows ST-elevation in V2, V3, and V4 leads during the acute phase. T2 mapping shows slightly high and normal T2 values in
the entire left ventricle during the acute and convalescent phases, respectively. Lymphocytic myocarditis with severe
inflammation (right side): Electrocardiogram shows poor R-wave progression in the acute phase. T2 mapping shows an
extremely high T2 value in the whole left ventricle during the acute phase and a normal T2 value in the convalescent phase.
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Fig. 2 - Cine cardiac magnetic resonance and late gadolinium enhancement in the acute and convalescent phases. Case 1.
Eosinophilic myocarditis with mild inflammation (left side): Cine CMR shows pericardial effusion and dilated LV volume in the
acute phase (a) and slight residual pericardial effusion and reduced LV volume in the convalescent phase (g). LGE shows
strong CE in the anteroseptal and faint non-ischemic CE in the circumferential myocardium in the acute (b and c) and
convalescent phases (h and i). Case 2. Lymphocytic myocarditis with severe inflammation: Cine CMR shows reduced LV
volume due to centric LV hypertrophy in the acute phase (d) and normal myocardial thickness and volume in the convalescent
phase (j). LGE shows faint nonischemic CE in the circumferential myocardium (e and f) and strong CE in the anterolateral
myocardium (e) in the acute phase, with loss of the faint CE (k and 1) and persistent strong CE (k) in the convalescent phase.
CMR, cardiac magnetic resonance; LV, left ventricular; LGE, late gadolinium enhancement; CE, contrast enhancement.
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Table 1 - Patient characteristics, laboratory tests results, and cardiac function by cardiac magnetic resonance during hos-

pitalization and follow-up.

Eosinophilic myocarditis

Lymphocytic myocarditis

Baseline Follow-up (a month) Normal range Baseline Follow-up (5 months) Normal range
Characteristics
Age 49 48
Sex Female Male
Height (cm) 159 159 169 169
Weight (kg) 51 48 57 57
BMI (kg/m?) 20.2 19.0 20.0 20.0
Laboratory data
Troponin (ng/L) 1.061 0-0.1 >0.1 0-0.1
CK (U/L) 342 81 51-209 597 160 51-209
CRP (mg/dL) 0.28 0.01 0-0.14 11.15 0.06 (After 15 days) 0-0.14
WBC (103/uL) 10.4 7.9 3.3-8.6 12.9 5.5 3.3-8.6
NT pro BNP (pg/mL) 3640 222 125< 14,259 19 125<
Cardiac MRI
Heart rate (bpm) 69 50 86 67
LV analysis Mean (SD) Mean (SD)
EDVI (mL/m?) 92.9 87.8 73 (12) 72.8 833 79 (15)
ESVI (mL/m?) 53.8 439 25 (7) 485 42.9 29 (9)
SVI (mL/m?) 39.1 43.8 49 (8) 24.2 40.4 52 (10)
EF (%) 421 49.9 66 (7) 333 485 64 (8)
CO (L/min) 43 2.9 4.5 (0.9) 3.4 45 5.6 (1.1)
CI (L/min/m?) 2.8 2.0 2.9 (0.5) 2.1 2.7 3.0 (0.6)
MI (g/m?) 74.0 65.0 49 (10) 75.0 436 62 (11)
LVCS (%) -9.2 -16.3 -23.0 (0.7) -10.5 -16.3 -23.0 (0.7)
LVLS (%) -8.2 -11.9 -20.1 (0.4) 4.4 -10.4 -20.1 (0.4)
LA analysis
Volume (mL) 50.4 39.4 64 (18) 32.1 39.5 72 (20)
VI (mL/m?) 334 26.8 39 (11) 19.5 23.9 38 (11)
LA Strain (%) 17.9 19.0 40.2 (8.5) 9.8 18.1 37.6 (10.2)
RV analysis
EDVI (mL/m?) 72.9 63.3 74 (12) 63.5 75.4 83 (13)
ESVI (mL/m?) 30.8 23.6 26 (8) 37.2 39.5 29 (9)
SVI (mL/m?2) 421 39.7 48 (7) 26.2 35.9 54 (8)
EF (%) 57.8 62.7 66 (7) 414 47.7 66 (7)
CO (/min) 4.4 2.9 4.4 (1.0) 3.7 4.0 5.6 (1.4)
CI (L/min/m?) 2.9 2.0 2.8 (0.6) 2.2 24 3.0(0.7)
FAC (%) 56.5 62.3 >35 59.9 50.1 35>
RV strain (%) -35.1 -47.4 -21.8 (0.8) -38.4 -40.5 -21.8 (0.8)

BMI, body mass index; CI, cardiac index; CO, cardiac output; EDVI, end-diastolic volume index; EF, ejection fraction; ESVI, end-systolic volume
index; FAC, fractional area change; LA strain, left atrium strain; LVCS, left ventricular circumferential strain; LVLS, left ventricular longitudinal

strain; MRI, magnetic resonance imaging; MI, mass index; RV strain: right ventricular strain; SVI, stroke volume index; VI, volume index.

CMR imaging findings: Acute-phase CMR imaging was per-
formed on days 2 and 5 for cases 1 and 2, respectively,
after achieving hemodynamic stability. Table 1 shows the
CMR parameters. Figure 2 shows the cine CMR and LGE of
both cases in the acute (Fig. 2a-f) and convalescent phases
(Fig. 2g-1). Figure 3 shows the cine CMR and T2-weighted imag-
ing of both cases in the acute (Fig. 3a—f) and convalescent
phases (Fig. 3g-1). The normal ranges for CMR parameters were
obtained from previous studies [8-10]. The normal myocardial
T2 value at our hospital is 47 ms. Acute global T2 values for
cases 1 and 2 were 60.1 and 70.9 ms, respectively, showing
inflammation throughout the left ventricle and a high value
for case 2 especially (Fig. 1 upper sides of a and b). Both cine
CMR images in the acute phase showed severely impaired LV
ejection fraction (Case 1: 42.1% vs Case 2: 33.3%) and LV strain
(Case 1: LV circumferential strain (LVCS), -9.2%; LV longitudi-
nal strain (LVLS), -8.2% vs Case 2: LVCS, -10.5%; LVLS, -4.4%);

however, the right ventricular wall motion was normal (Case
1: right ventricular fractional area change (RVFAC), 56.5% vs
Case 2: RVFAC, 59.9%) (Table 1). Case 2, with severe inflam-
mation, showed bi-ventricular hypertrophy and reduced left
atrial (LA) strain of 9.8% much lower than the 17.9% in Case 1.
LGE showed faint nonischemic contrast enhancement (CE) in
the intimal, middle, and adventitial layers of the circumferen-
tial myocardium and strong local CE in both cases (Fig. 2b, c,
e, and f). Convalescent CMR for cases 1 and 2 was performed
after 1 and 5 months, respectively, and the laboratory test re-
sults were within the normal range (Table 1). Subsequent T2
mapping revealed no signs of myocardial inflammation (Case
1: 51.8 ms; Case 2: 50.5 ms; Fig. 1 lower side of a and b), while
cine CMR imaging showed myocardial weight reduction and
cardiac function recovery. Some LGE remained (Fig. 2h, i, k,
and 1); however, LGE due to acute inflammation disappeared
in Case 2 (Fig. 2k and 1).
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Fig. 3 - Right ventricular myocarditis indicated by cine cardiac magnetic resonance. Case 1. Eosinophilic myocarditis with
mild inflammation (left side): No findings of RV myocarditis are observed in cine CMR (a and g) and T2-weighted images (b, c,
h, and i) in the acute and convalescent phases. Case 2. Lymphocytic myocarditis with severe inflammation: RV myocarditis
can only be observed in the hypertrophied RV myocardium in cine CMR during the acute phase (d; yellow arrowhead). No RV
myocarditis is observed in the T2-weighted image in the acute phase (e and f; white arrowhead), cine CMR (j; yellow arrow),
and T2W (k and ]; white arrow) in the convalescent phase. RV, right ventricular; CMR; cardiac magnetic resonance.

Discussion

An invasive myocardial biopsy is required for a definitive di-
agnosis of acute myocarditis, and follow-up is necessary be-
cause of the varied course of this disease [1,2]. CMR can non-
invasively assess myocardial characteristics and function at
that time [11]. Moreover, CMR can be repeated since it is non-
invasive, making it useful for follow-up. In this case report,
we describe the usefulness of CMR parameters for the diag-
nosis and management of mild and severe myocarditis from
the acute to the convalescent phase.

T2-based imaging and T2 mapping revealed inflammation
throughout the LV myocardium during the acute phases in
both cases. Compared with T2-weighted imaging, T2 mapping
is an advanced imaging technique that can quantify edema
and, in this case, it facilitated the diagnosis of severe edema
and patient follow-up (Figs. 1 and 3) [12]. As in previous re-
ports, elevated T2 values were associated with the severity of
left ventricular dysfunction [13]. In addition, T2 mappingis su-
perior to clinical biomarkers as it can additionally indicate the
location of myocardial inflammation. Furthermore, T1-based
imaging LGE showed nonischemic CE. These T1- and T2-based
findings are indicative of myocarditis in the Lake Louise Cri-
teria [4].

Case 1 (with mild inflammation) had a compensatory in-
crease in heart rate and chamber enlargement to maintain
the cardiac output (CO). In contrast, these changes were not
observed in case 2 (with severe inflammation). This may be a

result of progressive heart failure; severe myocardial edema
causes excessive cardiac hypertrophy due to tissue expansion
and subsequently leads to restricted LV enlargement due to
reduced myocardial compliance. The acute phase-stroke vol-
ume is severely decreased due to the reduced LV volume and
wall motion and is reportedly an indicator of poor prognosis
[14].

The Forrester heart failure severity classes recorded for
cases 1 and 2 were I and IV, respectively. In addition, the
severely decreased LA volume of 32.1 mL and LA strain of 9.8%
during the acute phase in case 2 may be explained by a rapid
increase in LV pressure due to decreased LV compliance and
contractility or by LA inflammation alone. It has been reported
that LA strain and LV end-diastolic pressure show a good cor-
relation and that a decreased LA strain may indicate increased
preload due to severe myocarditis [15]. During the convales-
cent phase, the LA strain improved to the normal range and
the heart failure severity to Forrester class I in case 2. In ad-
dition, during the acute phase in case 2, right ventricular (RV)
wall thickening was observed on cine CMR imaging (Fig. 3d),
which may be the result of RV myocarditis. The prevalence
of RV myocarditis in patients with clinically suspected my-
ocarditis has been reported to be 17.8% [16]. RV myocarditis
is scarcely reported due to the RV imaging restriction when
using echocardiography as the standard diagnostic modality.
The CMR showed that preserved RV strain parameters were
observed in both severe and mild cases. Despite the presence
of severe heart failure caused by extremely high inflammation
in case 2, cardiac function recovered after 5 months. Recently,
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RV strain has been reported to be an independent prognostic
factor for acute myocarditis [17]. In the present case, preserved
RV strain in the acute phase may have contributed to the re-
covery of cardiac function in a patient with myocarditis.

In patients with suspected acute coronary syndromes,
when coronary artery stenosis is ruled out, the diagnosis is
often difficult to make. However, the ability to capture my-
ocardial characteristics and function with CMR, as in previ-
ous reports, is of great help in diagnosis and treatment [18].
In addition, CMR has a wide field of view, making it possi-
ble to analyze both ventricles and atria. Furthermore, because
there is no radiation exposure, scans can be repeated, which
is useful in the management of acute myocarditis requiring
follow-up. The limitations of this study are the small number
of patients and the lack of long-term follow-up. Further study
is required to examine our findings with more patients and
long-term follow-ups.

Acute myocarditis with varied courses is a difficult dis-
ease to diagnose and manage. Noninvasive and repeatable
CMR provides information on myocardial inflammation, fibro-
sis, cardiac function, and hemodynamics in a single scan at
that time, which is useful not only for diagnosis but also for
severity assessment and patient management with acute my-
ocarditis.

Patient consent

The authors confirm that written consent for submission and
publication of this case report including image(s) and associ-
ated text has been obtained from the patient in line with the
COPE guidance.
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