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Prognéza

Uvod: ,Infarct-like” myokarditida je béZnou prezentaci akutni myokarditidy. V literatufe je ¢asto uvadéna
dobra prognéza a obvykle u ni byva doporucovana restrikce fyzické aktivity po dobu az Sesti mésict. Cilem
studie bylo ukdzat charakteristiky a vymezitelnost této prezentace myokarditidy, potvrdit jeji dobrou pro-
gndzu nezavisle na fyzické aktivité provadéné po jednom mésici od propusténi z hospitalizace.
Metodologie: V letech 2012 az 2016 bylo ve Fakultni nemocnici v Plzni hospitalizovano 93 pacientd s akutni
myokarditidou, 73 (78 %) z nich mélo ,infarct-like” myokarditidu a byly zhodnoceny zakladni diagnos-
tické parametry. Z nich 32 pacientt s ,infarct-like” myokarditidou bylo zafazeno do observacni prospektivni
studie, v rdmci které byla provadéna pravidelna echokardiograficka vysetieni, magnetickou rezonanci (MR)
vcetné vyvoje objemu pozdniho syceni gadoliniovou kontrastni latkou (LGE), bicyklovou ergometrii (BE)
a nabér hypersenzitivnich troponinu. Vsichni pacienti podstoupili po jednom mésici od propusténi z hospi-
talizace bicyklovou ergometrii bez limitace zatéze a byla jim povolena od jednoho mésice postupna fyzicka
z4té7 véetné vykonu zaméstnani. Zadny pacient nebyl profesionélni sportovec.
Vysledky: Vstupné byla zjisténa lehka systolicka dysfunkce levé komory u 43,8 % pacient(, ktera se norma-
lizovala pfed prvni ambulantni nvstévou. Ostatni pacienti méli normalini systolickou funkci. VSichni pacienti
méli signifikantné zvysenou hodnotu troponinu. Hodnoty hypersenzitivnich troponind zUstaly pfi kontro-
lach po jednom a Sesti mésicich od onemocnéni pod 99. percentilem zdravé populace. Vsichni sledovani
pacienti méli pozitivni LGE v subepikardidlni lokalizaci. Po jednom mésici poklesl medidn objemu LGE na
53 %, po $esti mésicich na 40 % plvodni hodnoty. DosaZzend z4téZ pfi BE byla po pul roce od myokarditidy
statisticky vyznamné vyssi (9,7 + 2,2 MET) nez pii mésicni kontrole (8,9 + 2,1 MET, p = 0,0023), pfi posledni
provedené kontrole (9,3 + 2,1 MET) se dale jiz nelisila (p = 0,2331). Primérna doba sledovéni pacientt byla
dva roky.
Zavér: ,Infarct-like” myokarditida byla béhem sledovaného obdobi nejcastéjsi prezentaci akutni myokar-
ditidy. Zadny pacient nemél ¢asnou recidivu myokarditidy (do jednoho roku) a u zédného se nevyvinula sys-
tolicka dysfunkce LK. ,Infarct-like” myokarditida ma specificky pribéh, odlisny od jinych forem myokarditid.
Ma dobrou prognézu nezavisle na fyzické aktivité provadéné mésic po propusténi z hospitalizace.

© 2018, CKS. Published by Elsevier Sp. z 0.0. All rights reserved.

ABSTRACT

Introduction: Infarct-like myocarditis is the most common presentation of acute myocarditis. A good progno-
sis is mentioned in the literature and several months of restricted physical activity is usually recommended.
Objectives: The aim of our study was to show the characteristic features and specificity of this particular pre-
sentation of myocarditis and to evaluate its prognosis, relative to physical activity, after hospital discharge.
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Methodology: From 2012-2016, 73 patients with infarct-like myocarditis were hospitalized at the University
Hospital of Pilsen and were evaluated by basic diagnostic parameters. Thirty-two patients from this group
were involved in our prospective observational study where echocardiography (ECHO), magnetic resonance
imaging (MRI) (including late gadolinium enhancement [LGE]), bicycle ergometry (BE) as well as troponin
screening tests were regularly performed. One month after hospital discharge, all patients underwent bi-
cycle ergometry without any load limitation. After the one-month follow-up, patients were allowed to
increase physical exertion gradually to included job performance. None of the patients were professional
athletes. During this observation time, 20 patients with different presentations of acute myocarditis were
also admitted to hospital. These different presentations are discussed.

Results: None of the patients with infarct-like myocarditis had an early recurrence of the disease (i.e., within
one year) or left ventricular (LV) systolic dysfunction (based on ECHO results). After one month, the LGE vol-
ume median had decreased by up to 53% and after six months it had decreased by up to 40% of the original
value. After one and six months, hypersensitive troponin values were under the 99*" percentile of the healthy
population. The achieved exertion during BE, at the six-month follow-up (9.7 + 2.2 METs) was statistically
significantly better than after the one-month follow-up (8.9 + 2.1 METs, p = 0.0023). On the last BE follow-
-ups (9.3 £ 2.1 METSs), no significant change was seen (p = 0.2331). The average follow-up time was 2 years.
Conclusion: Infarct-like myocarditis has a specific feature that differs from other types of myocarditis. In-
farct-like myocarditis has a good prognosis, which is independent of physical exertion starting one month

Prognosis after hospital discharge.

Introduction

Infarct-like myocarditis with chest pain, ischemic ECG
changes, troponin elevation, normal coronary arteries,
and normal or early normalized LV systolic function is one
of the most common presentations of acute myocarditis.

Chest pain symptoms are caused by a specific parvovi-
rus, PVB19, which directly infects endothelial cells with
microvascular ischemic changes and angina symptoms [1].
Schmidt-Lucke et al. [2] found that infecting angiogenic
bone marrow cells lead to poorer endothelial regenera-
tion and its dysfunction. Pathophysiology of viral myo-
carditis is described mostly with animal (murine) model
of enterovirus myocarditis. This model has three phases
with possible evolution to dilated (inflammatory) cardio-
myopathy [3-5]. Although, this model is often presented
and generalized, the course of PVB19 infection is appa-
rently different. Moreover, EMB finding of PVB19 in pa-
tient with dilated cardiomyopathy is frequent and unclear
and by latest studies it may be only “innocent bystander”
[6-8]. As significant finding PVB19 is considered higher
load — 500 genome equivalents (ge) per microgram [9]
or microRNA [10,11]. A study by Mahrholdt et al. [12]
found infarct-like myocarditis symptoms in PVB19-infec-
ted patients. Patients were young men and most had ty-
pical subepicardial LGE localized to the lateral wall of the
heart. All patients had a good prognosis. However, pa-
tients with human herpesvirus (HHV6), or especially
a HHV6/PVB19 combination, had symptoms of new he-
art failure with LGE localization mainly in the septal area
and the disease often progressed to a chronic stage with
a poor prognosis.

Apart from the above-mentioned studies, there have
been many published works dealing with the prognosis
of myocarditis patients based on their initial clinical pre-
sentation (i.e., ECG, ECHO or MRI results). Several studies
[13-15] have shown that infarct-like myocarditis, with
normal or early normalized systolic function, often has
a good prognosis.

According to the European Society of Cardiology (ESC)
recommendations, published in their Position Statement
[5], prohibition of physical activity is recommended. How-

ever, the recommendation is based on the work of Bas-
so et al. [16] and Pelliccia et al. [17], who were making
recommendations for athletes. Athletes were allowed to
continue sports activity 6 months after disease appearan-
ce, depending on follow-up examination results. Experts
routinely recommend this schedule for non-athletes as
well, regardless of myocarditis presentation.

Maintaining physical activity restrictions during the
acute phase (up to normalization of LV systolic function
and troponin values) is essential and is usually no prob-
lem for patients. Physical activity restrictions beyond this
time are known to be associated with worse compliance.
The reasoning behind physical activity restriction lasting
several months is the risk of disease progression into dila-
ted cardiomyopathy or disease recurrence. However, this
rationale is suspiciously based on three-phase (murine)
model of enterovirus myocarditis.

Methods

In this study, clinically suspected myocarditis was diagno-
sed in compliance with the position statement criteria of
the ESC [5]. Due to the increase in sample representati-
veness, diagnostic parameters were evaluated in all 73
patients admitted for infarct-like myocarditis during the
observation time. In 66 patients, LGE distribution was as-
sessed. Within the observation study, ECHO, MRI, BE, as
well as hypersensitive troponin screening tests were regu-
larly performed in 32 of the above-mentioned patients.

MRI and troponin screening tests were performed dur-
ing hospitalization, after 1 month, and after 6 months.
ECHO was performed when patients were hospitalized,
then after 1 month, after 6 months, after 1 year, and then
once per year. BE was performed (in case of normal systo-
lic function seen in previous ECHO, which was fulfilled by
all patients) after 1 month, after 6 months, after 1 year,
and then once per year. Endomyocardial biopsy (EMB)
was not performed in patients with infarct-like myocar-
ditis. On the contrary, it was performed to determine eo-
sinophilic myocarditis, in malignant arrhythmias, and in
patients with inflammatory cardiomyopathy.
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Fig. 1 - (A) LGE with subepicardial localization of particular LV segments in the 17-seg-
ment classification system, expressed as a percentage, the yellow-marked area of per-
centage affection > 50%; (B) numbers of particular LV segments (n = 66).

e Systolic function of both ventricles, in particular,
was evaluated electrocardiographically. Ejection
fraction (EF) was evaluated to within 5 units, de-
creased systolic function was evaluated as < 50%.

e Bicycle ergometry: initial load was 50 W, after-
wards it was increased by 25-50 W up to the ma-
ximum tolerated load. Maximum heart rate (HR),
metabolic units (MET), as well as the presence of
arrhythmias were monitored.

e MRI was performed in its entirety and included as-
sessments of kinetics, edema, perfusion, and late
gadolinium enhancement (LGE) of the left ventri-
cular myocardium [18] (Fig. 1). In 66 patients with
infarct-like myocarditis, LGE localization was ana-
lyzed using the 17-segment classification system.
In 32 patients, changes in the LGE weight ratio
were evaluated in 3 subsequent MRI exams. LGE
quantification was performed using cross-screen-
ings (SA), where the ratio of LGE extent to the
whole thickness of myocardium was determined.
Total myocardial mass, and as a result the LGE
mass value (mg), was obtained by calculating the
arithmetic mean of all layers, which was done dur-
ing MRI analysis. Software at https://www.circlecvi.
com/features/tissue-characterization.php was used
for analysis. To draw comparisons with other pati-
ents, the LGE value was divided by myocardial wei-
ght (data obtained during ECHO using the cube
formula).

e Basic screening including troponins was routinely
performed in all patients during their hospital stays
(in the course of the study, in 2015, troponin | was
substituted for hypersensitive troponin T [Elecsys,
Roche] at the University Hospital in Pilsen).

e Blood samples were taken during hospitalization
as well as during the first two check-ups. Samples
were frozen and subsequently analyzed using the
hsTnl test (Architect, Abbott) and the hsTnT test
(Elecsys, Roche).

Statistics

Numerical data were processed using MS Excel, IBM SPSS 24,
and MedCalc 17.7.2. Data normality was evaluated using
a histogram, the Shapiro-Wilk test, and the Kolmogorov-
Smirnov test. Normally distributed data (heart rate and MET
values in BE) were compared by using the paired 2-sam-
ple t-test, by determining the means. The Wilcoxon test for
paired samples was used on non-normally distributed data.

Results

From 2012 to 2016, 93 patients presented with acute (cli-
nically suspected) myocarditis at the University Hospital
of Pilsen (a regional hospital serving 600,000 inhabitants).
Of those, 78% (n = 73) suffered from infarct-like myocar-
ditis. The remaining 22% presented with different type
of acute myocarditis (see Table 1 for an overview).

Table 1 - Particular types of acute myocarditis in patients admitted to the University Hospital in Pilsen from 2012-2016 (n = 93).

Number
Infarct-like 73 66
Malignant arrhythmia 5 0
3rd degree AV block 2 2
Fulminant myocarditis 3 0
In systemic diseases 10 5
In total 93 73

Men

Women Men (%) Women (%)
7 90.4 9.6

5 0 100

0 100 0

3 0] 100

5 50 50

20 78.5 21.5
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The development of infarct-like myocarditis differed
from other acute myocarditis presentations during the
observation time:

¢ Malignant arrhythmias affected mainly young
women (aged between 17 and 45 years), in which
cardiopulmonary resuscitation (CPR) was required.
Initially, mild to moderate left ventricular systolic
dysfunction was found. Afterwards, it normalized
in most cases. Initial catecholamine support was ei-
ther low or it was not required. In the long term,
patients had a good prognosis (without recurren-
ce of malignant arrhythmias).

¢ Fulminant myocarditis mainly affected young
women (aged between 28 and 42 years). It was
accompanied by severe left ventricular systolic
dysfunction and refractory cardiogenic shock
requiring considerable inotropic support. ECMO
was used in two cases. The prognosis was poor
for all patients. The diagnosis was histologically
determined.

e  Atrioventricular conduction disorders affected
young men (2 cases, both aged 36 years). One
of them improved after antibiotic treatment for
Lyme carditis, while a cardiac stimulator had to be
implanted in the other patient. There was no de-
velopment of left ventricular systolic dysfunction
and both prognoses were good.

¢ Myocarditis related to systemic diseases (aged
between 26 and 64 years) was accompanied by
specific symptoms of a systemic disease or status
(sarcoidosis, SLE, ulcerative colitis, pathological
pregnancy, hypereosinophilic syndrome, or sep-
sis). The prognosis was related to the underlying
disease.

In the above-mentioned list of myocarditis presentati-
ons, there were no patients with symptoms of heart failu-
re, which is more likely to be chronic. Patients suspected
of having inflammatory cardiomyopathy, were partially
diagnosed by performing EMB. This group also had more
men than women. Left ventricular systolic function was
most often moderately or severely decreased. None of
the patients had infarct-like myocarditis in medical his-
tory. The long-term prognosis in these patients was ge-
nerally poor.

Basic characteristics of patients with infarct-like
myocarditis

During the 5-year study, there were 73 patients, most-
ly younger (average 33 + 11) men (90%). Three pa-
tients, aged 18, were admitted to the Department of
Pediatrics. Chest pain was the initial symptom in all
patients. Most (68%) patients presented with nonspe-
cific systematic inflammatory symptoms (fever, cough,
muscle and joint pain, headache, and fatigue), while
14% also had digestive disorders (diarrhea and/or vo-
miting).

Most (68%) patients had ischemic ECG changes (ST-
-segment elevation), all had elevated troponin (hsTnT
>14 ng/l, Tnl >0.4 mg/l), and 77% had elevated CRP
levels. Other quantitative physical and laboratory cha-
racteristics are presented in Table 2. Echocardiography

showed left ventricular kinetic disorders in 41% of pa-
tients, initially mild LV systolic dysfunction (40% < EF
LV < 50%) was found in 36% patients. The others had
normal systolic function. Ischemic cardiac disease was
initially excluded in 71% of patients (by performing SCG
in 40% and coronary CT angiography in 31%).

In most patients with clinically suspected myocardi-
tis, the MRI showed characteristic subepicardial locali-
zation of LGE (69 patients in total). LGE was negative
in 2 patients and myocardial MR was not performed in
2 patients.

Distribution of LGE in patients with infarct-like
myocarditis

LGE affecting particular segments in the 17-segment
classification system, expressed as a percentage, was eva-
luated in 66 patients (Fig. 2). The inferolateral, antero-
lateral, and inferior walls were most affected (segments
11, 12, 5, 6, and 16), the septal area was least affected
(segments 1, 2, 3, and 8). The average number of affected
segments per patient, using the 17-segment scheme, was
5+25.

Results of the consecutive observation study

Thirty-two patients with infarct-like myocarditis (30
men/2 women) were enrolled in the observation study.
These patients were admitted to the Cardiocenter in Pil-
sen, consented to be involved in the study, and under-
went at least two subsequent outpatient check-ups,
which included MRI examinations. Disease recurrence
was seen in two patients, after more than 1 year (the first
one at 1.5 years and the other at 3.2 years). However,
these patients were statistically analyzed only once, since
subsequent MRI evaluations would be suspect (i.e., uncer-
tain differentiation between old and new lesions).

Troponin values

Within the study, values of troponin hsTnl (Architect,
Abbott) and hsTnT (Elecsys, Roche) were determined at
hospitalization, after 1 month, and after 6 months. Me-
dians are mentioned in Table 3, the interquartile range,
by using boxplots, can be found in Fig. 3. Complete scree-
ning was only performed in 23 patients. After 1-month,
elevated hsTnl (over 27 ng/l [99th percentile of healthy
population]), was found in 3 patients, while 3 other pa-
tients had elevated hsTnT (over 14 ng/l [99th percentile
of healthy population]). No patients had both types of
elevated troponin at the same time. Decreasing tropo-
nin values within the first weeks of hospitalization was
not surprising. However, statistically significant decreases
were seen between the first check-up (after 1 month) and
the second (after 6 months) with values under the 99th
percentile.

Echocardiography

All patients underwent a transthoracic examination at
hospitalization. Initially, left ventricular kinetic disorders
were found in 51% of patients, while mild systolic dys-
function was found in 43.8%. Systolic function in all pa-
tients was normalized before the first outpatient follow-
-up (i.e., was normal in the first check-up after one month
and remained normal henceforth).



J. Dur$pek et al.

717

o p<00001  p <0.001
10000 I
1000
100 o h =

L ==

1 .
hsTnl_hosp

hsTni_1.C hsTnl_2.C

10000
p <0.0001 p <0.001
1000 [
100
10 __ %
—
= ==
1 1 1 1
hsTnT_hosp hsTnT_1.C hsTnT_2.C

Fig. 2 - Boxplot of troponin | (hsTnl) and troponin T (hsTnT) development at time of hospitalization and two subsequent
follow-ups (hosp - values at hospitalization; 1.C - follow-up after 1 month; 2.C - follow-up after 6 months).

Magnetic resonance imaging

Three cardiac MRI scans were performed. LGE volume
was quantified using relative LGE mass parameters. The
average values at specific follow-ups are presented in Ta-
ble 3. After 1 month, LGE mass volume decreased by up to
52.8% and after 6 months it had decreased by up to 40%
of the original value. The difference between follow-ups
was statistically significant (p < 0.001).

Bicycle ergometry

Patients were examined after 1 month and after 6 months
(afterwards once a year). In 70% of patients, the same
load value was achieved during the first two follow-ups
and an improvement could be seen in 1/3 patients at the
second follow-up. In total, load tolerance statistically im-
proved (also in MET values). Maximum heart rate values
were also statistically significantly different (Table 3).

Table 2 - Characteristics of patients with infarct-like myocarditis (n = 73).

Characteristics Minimum Maximum Median Average
Age (years) 15 67 32 3311

BMI (kg/m?) 16 44 27 275

CRP (mmol/l) 1 242 32 51 +55
Myoglobin (mmol/l) 20 995 137 191 + 180
Troponin | (ug/l) 1 29 9 11+8
Troponin hsT (ng/l) 18 4593 922 1072 + 1033

Table 3 - Median values (medians or average values) of specific parameters.

Parameters Initial After 1 month After 6 months Comparison after 1 month
and 6 months (p)

Troponin

hsTnT (ng/l) median (IQR) 547 (28-1158) 7 (6-10) 5 (4-6) < 0.001

hsTnl (ng/l) median (IQR) 1522 (189-8 212) 7 (4-13) 4 (2-6) < 0.001

ECHO

Patients with LVEF < 50% 43.8 % 0.0% 0.0%

Magnetic resonance imaging

Rel. LGE mass median (IQR) 4.0 (2.4-6.2) 2.1(1.4-3.7) 1.6 (1.1 -2.9) < 0.001

Percentage 100.0% 52.8% 40.4%

Bicycle ergometry

Maximum heart rate achieved 166 + 14 169 13 0.1843

Load achieved (W) 195 + 39 210 £ 40 < 0.005

METs 8921 9.7+22 < 0.005

ECHO - echocardiography; IQR - interquartile range (n = 32); LGE - late gadolinium enhancement; LVEF - left ventricle ejection fraction.
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Fig. 3 - MRI - subepicardial localization LGE in one patient at hospitalization: (A) long
axis, (B) short axis and decrease LGE load at the 1 month follow-up, (C) long axis, (D)

short axis.

Final observations

The average length of patient monitoring was 2 years in
October 2017. None of the patients, based on ECHO, had
left ventricular systolic dysfunction at the 1-year check-
-ups. Results from the BE performance (achieved heart
rate and maximum load) were not statistically significant
compared to the second check-up (Table 4).

Discussion

We attempt here to make a contribution regarding the
management of patients with infarct-like myocarditis.
It should be noted that our study was on a relatively
small number of patients and the follow-up period was
intermediate in length. In spite of this, results show that
pseudo-infarct presentation of myocarditis is associa-
ted with a benign long-term prognosis even if physical
activity is not restricted for a prolonged period. Physical
activity does not appear to increase the risk of an early
recurrence.

During echocardiography examinations, we were
satisfied with the formulation of normal or decreased
overall systolic function, due to inaccuracy caused by the
nature of method as well as the examining physicians’
subjective estimations. Results from publications using
deformation analysis, i.e., Speckle Tracking Echocardio-
graphy [19-22], are an incentive to evaluate myocardial
affection after myocarditis more precisely.

It is recommended that myocarditis be demonstrated
by performing an MRI using at least two of the three Lake
Louise Criteria [5]. Edema and LGE, with typical subepi-
cardial and intramyocardial localization, were found in
patients involved in the study. This parameter is the only
demonstrated method of noninvasive imaging of myo-
cardial structural changes, which has high sensitivity and
makes quantification of a myocardial affection possible.
The sensitivity and distribution of an affection can also be
improved by using T1 mapping [23].

According to the literature, the sensitivity for showing
infarct-like myocarditis, using LGE, ranges from 70% to
90% and is higher than for other types of myocarditis

Table 4 - Development of bicycle ergometry parameters in 32 patients.
After 6 months

Bicycle ergometry:
long-term development

Maximum heart rate achieved 169 + 13
Load achieved (W) 210 + 40
METs 9.7+2.2

Last follow-up Comparison after 6

months/last follow-up (p)

170 + 14 0.6221
217 £ 41 0.2331
93=x2.1 0.2006
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[24,25]. LGE volume correlates with the size of extracellu-
lar space, enlarging if patients have edema, inflammatory
infiltration, or fibrosis. Considerable (50%) LGE volume
reduction on the first two check-ups after 1 month sho-
wed that besides fibrosis, other — reversible — changes
also play a role in enlargement of the extracellular space.
LGE findings in all patients, after 6 months, showed the
presence of irreversible cell necrosis and subsequent fib-
rosis. However, this fibrosis was too discrete to be seen
using ECHO (without deformation analysis). Specific LGE
distribution, related to infarct-like myocarditis in the left
ventricular lateral wall, is commonly described in the lite-
rature; on the other hand, the interventricular septum is
affected in patients with chronic myocarditis [12,13].

Bicycle ergometry after infarct-like myocarditis was
considered an examination suitable for the evaluation of
physical load tolerance and load arrhythmia occurrence.
The achieved maximum load was, among other things,
determined by the long-term sports activity of each pa-
tient (no one was a professional athlete) and the degree
of motivation to achieve the greatest load. The benefit
was especially seen in comparing patient follow-ups as
well as the ability to sustain the same load. A small dif-
ference, which was, however, statistically significant, was
seen between follow-ups at 1 month and 6 months af-
ter discharge, and were associated with the rest phase
of treatment (i.e., worsening physical conditioning) that
patients followed during the first month after admissi-
on. The differences between follow-ups more than half
a year after myocarditis were not statistically significant
and reflected the current physical activity of the patients.
No patients had arrhythmias.

No patients with infarction-like myocarditis under-
went EMB, therefore the diagnosis remained clinically
suspected myocarditis. The ECS position statement [5] re-
commends an EMB in all patients with clinically suspected
myocarditis. Issues related to EMBs in patients with in-
farct-like myocarditis are dealt with by one of authors of
the recommendations in a recent work [26]. The author
quotes publications which mention good prognoses and
spontaneous recoveries from infarct-like myocarditis. As
far as works [14,27,28] stated few percentages of a poor
prognosis, admits that the reason is inaccurate determi-
nation of patients with infarct-like myocarditis.

However, the author recommends EMBs in patients
with infarct-like myocarditis, in compliance with the posi-
tion statement. In her opinion, it is caused by the absen-
ce of a sufficient amount of prospective data that show
a benign prognosis, which would definitely be confirmed
by EMB, including etiologic agents. Another argument
might be that a condition with a similar initial clinical pre-
sentation, i.e., more rare and serious types of myocarditis
such as eosinophilic, giant-cell myocarditis, and autoim-
mune diseases, would be detected quickly by EMB, and
would facilitated an immediate start of immunosuppre-
ssive therapy.

Hypereosinophilic syndrome, including eosinophilia,
which is a diagnostic criterion as well as a pathological
condition, indicates suspected eosinophilic myocarditis.
In cases of systemic autoimmune diseases, other systemic
symptoms should serve as warning signs. The prevalen-
ce of giant-cell myocarditis is very low (1 : 200,000) and

manifests as heart failure or arrhythmia in most patients.
Only in a small number of patients, does it manifest as in-
farct-like myocarditis with a normal EF LV. Early normali-
zation of initially mild systolic dysfunction is a significant
feature of benign infarct-like myocarditis [29,30].

Although a routine EMB would be informative, it can-
not be expected to become a routine diagnostic method
for this presentation of myocarditis, at least according
to European professionals and experts (despite the reco-
mmendations of the ECS position statement). However,
MRI cannot replace endomyocardial biopsy in patients
with suspected inflammatory cardiomyopathy where the
potential treatment (i.e., immunosuppressive, antiviral)
depends on EMB confirmation of the etiologic agent.
Moreover, MRI has considerably lower sensitivity and spe-
cificity in this case.

Conclusion

Infarct-like myocarditis was the most common presentati-
on of acute myocarditis during the observation time (78%
of patients). The subacute or chronic presentation of
heart failure wasn't included. Infarct-like myocarditis has
specific and characteristic development relative to other
types of myocarditis, and has a good prognosis. Physical
activity after the acute phase of disease (including BE) did
not result in chronic myocarditis or recurrence of the dis-
ease within 1 year.

Conflict of interest
I have no conflict of interest.

Funding body

This work was supported by a project from the Ministry
of Health for conceptual development of research orga-
nizations (University Hospital Pilsen, 00669806) and the
Science Development Program at Charles University (Pro-
gress Q38).

Ethical statement
Authors state that the research was conducted according
to ethical standards.

Informed consent
All patients involved in the study signed an informed con-
sent.

References

[1]1 C.Bock, A. Duchting, F. Utta, et al., Molecular phenotypes of
human parvovirus B19 in patients with myocarditis, World
Journal of Cardiology 6 (2014) 183-195.

[2] C.Schmidt-Lucke, T. Zobel, S. Schrepfer, et al., Impaired
endothelial regeneration through human parvovirus
B19-infected circulating angiogenic cells in patients with
cardiomyopathy, Journal of Infectious Diseases 212 (2015)
1070-1081.

[3] S.A. Huber, C.J. Gauntt, P. Sakkinen, Enteroviruses and
myocarditis: viral pathogenesis through replication, cytokine
induction, and immunopathogenicity, Advances in Virus
Research 51 (1999) 35-68.

[4] K.Klingel, C. Hohenadl, A. Canu, et al., Ongoing enterovirus-
-induced myocarditis is associated with persistent heart muscle



720

Should we fear infarct-like myocarditis?

[5]

(6]

[7]

(8l

[9]

[10]

(111

[12]

[13]

[14]

[15]

[16]

[17]

infection: quantitative analysis of virus replication, tissue
damage, and inflammation, Proceedings of the National
Academy of Sciences of the United States of America 89 (1992)
314-318.

A.L. Caforio, S. Pankuweit, E. Arbustini, et al., Current state of
knowledge on aetiology, diagnosis, management, and therapy
of myocarditis: a position statement of the European Society
of Cardiology Working Group on Myocardial and Pericardial
Diseases, European Heart Journal 34 (2013) 2636-2648.

S.C. Koepsell, D.R. Anderson, S.J. Radio, Parvovirus is

a bystander in adult myocarditis, Cardiovascular Pathology 21
(2012) 476-481.

J. Krejci, H. Poloczkova, P. Hude, et al., Impact of inflammatory
infiltration and viral genome presence in myocardium on the
changes of echocardiographic parameters, Cor et Vasa 55
(2013) e333-e340.

C. Hjalmarsson, J.A. Liljeqvist, M. Lindh, et al., Parvovirus B19
in endomyocardial biopsy of patients with idiopathic dilated
cardiomyopathy: foe or bystander?, Journal of Cardiac Failure
2018 Aug 10. pii: S1071-9164(18)30871-6. doi: 10.1016/j.
cardfail.2018.07.466. [Epub ahead of print].

C. Bock, K. Klingel, R. Kandolf, et al., Human parvovirus B19-
associated myocarditis, New England Journal of Medicine 362
(2010) 1248-1249.

U. Kuhl, M. Rohde, D. Lassner, et al., miRNA as activity marker
in Parvo B19 associated heart disease, Herz 37 (2012) 637-643.
D. Lassner, M. Rohde, C.S. Siegismund, et al., Myocarditis —
personalized medicine by expanded endomyocardial biopsy
diagnostics, World Journal of Cardiovascular Diseases 4 (2014)
325-340.

H. Mahrholdt, A. Wagner, C.C. Deluigi, et al., Presentation,
patterns of myocardial damage, and clinical course of viral
myocarditis, Circulation 114 (2006) 1581-1590.

R. Faletti, M. Gatti, I. Baralis, et al., Clinical and magnetic
resonance evolution of “infarct-like” myocarditis, La
Radiologia Medica 122 (2017) 273-279.

J.C. Youn, H.S. Shim, J.S. Lee, et al., Detailed pathologic
evaluation on endomyocardial biopsy provides long-term
prognostic information in patients with acute myocarditis,
Cardiovascular Pathology 23 (2014) 139-144.

M. Anzini, M. Merlo, G. Sabbadini, et al., Long-term evolution
and prognostic stratification of biopsy-proven active
myocarditis, Circulation 128 (2013) 2384-2394.

C. Basso, E. Carturan, D. Corrado, G. Thiene, Myocarditis and
dilated cardiomyopathy in athletes: diagnosis, management
and recommendations for sport activity, Cardiology Clinics 25
(2007) 423-429.

A. Pelliccia, R. Fagard, H.H. Bjernstad, et al., Recommendations
for competitive sports participation in athletes with
cardiovascular disease: a consensus document from the Study
Group of Sports Cardiology of the Working Group of Cardiac

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Rehabilitation and Exercise Physiology and the Working
Group of Myocardial and Pericardial Diseases of the European
Society of Cardiology, European Heart Journal 26 (2005)
1422-1445.

J.A. Sedivy, J. Baxa, M. Hromadka, et al., Komplexni pfistup
ke sledovani pacientd po akutni myokarditidé s vyuzitim
magnetické rezonance - pfedbézné vysledky, Ceska radiologie
68 (4) (2014) 311-317.

T. Caspar, M. Fichot, M. Ohana, et al., Late detection of left
ventricular dysfunction using two-dimensional and three-
dimensional speckle-tracking echocardiography in patients
with history of nonsevere acute myocarditis, Journal of the
American Society of Echocardiography 30 (2017) 756-762.

T. Sturmberger, J. Niel, J. Aichinger, et al., Acute myocarditis
with normal wall motion detected with 2D speckle tracking
echocardiography, Echo Research and Practice 3 (2016)
K15-K19.

B. BaeBler, F. Schaarschmidt, A. Dick, et al., Diagnostic
implications of magnetic resonance feature tracking derived
myocardial strain parameters in acute myocarditis, European
Journal of Radiology 85 (2016) 218-227.

J.F. Hsiao, Y. Native T1-mapping detects the location,

extent and patterns of acute myocarditis without the need
for gadolinium contrast agents, Journal of Cardiovascular
Magnetic Resonance 16 (2014) 36.

P. Lurz, I. Eitel, J. Adam, et al., Diagnostic performance of
CMR imaging compared with EMB in patients with suspected
myocarditis, JACC Cardiovascular Imaging 5 (2012) 513-524.
M. Francone, C. Chimenti, N. Galea, et al., CMR sensitivity
varies with clinical presentation and extent of cell necrosis in
biopsy-proven acute myocarditis, JACC Cardiovascular Imaging
7 (2014) 254-263.

A.L. Caforio, G. Malipiero, R. Marcolongo, et al., Clinically
suspected myocarditis with pseudo-infarct presentation: the
role of endomyocardial biopsy, Journal of Thoracic Disease 9
(2017) 423-427.

H. Chopra, D. Arangalage, C. Bouleti, et al., Prognostic value
of the infarct- and non-infarct like patterns and cardiovascular
magnetic resonance parameters on long- term outcome of
patients after acute myocarditis, International Journal of
Cardiology 212 (2016) 63-69.

I. Kindermann, M. Kindermann, R. Kandolf, et al., Predictors of
outcome in patients with suspected myocarditis, Circulation 11
(2008) 639-648.

L.T. Cooper Jr., G.J. Berry, R. Shabetai, Idiopathic giant-cell
myocarditis — natural history and treatment, New England
Journal of Medicine 336 (1997) 1860-1866.

R. Kandolin, J. Lehtonen, K. Salmenkivi, et al., Diagnosis,
treatment, and outcome of giant-cell myocarditis in the era
of combined immunosuppression, Circulation: Heart Failure 6
(2013) 15-22.



