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Streszczenie

Myocarditis to termin medyczny odnoszacy si¢ do zapalenia komorek miesnia sercowego. Mimo, ze najczesciej
jest nastepstwem infekcji gérnych drég oddechowych, obecnie, w dobie pandemii COVID-19, pojawiajace si¢ dane
wskazuja na jego coraz wiekszg czesto$¢ wystepowania w zwigzku z tg jednostka. Konsekwencje rozprzestrze-
niania si¢ wirusa SARS-CoV-2 sg odczuwane bowiem nieustannie na calym $wiecie. Chociaz choroba dotyczy
zwyczaj ukladu oddechowego, ostra infekcja COVID-19 moze objawia¢ sie rowniez zapaleniem kardiomiocytow.
Przypadki takie opisywane sg rowniez w przebiegu nowej jednostki chorobowej zwanej ,long COVID syndrome’,
obejmujacej utrzymujace sie objawy tygodniami po zakonczonej infekcji COVID-19. Kazuistycznie, myocarditis
moze wystapi¢ po szczepieniu przeciwko SARS-CoV-2. Niniejsza praca ma na celu prezentacje zapalenia migénia
sercowego w dobie pandemii COVID-19, precyzujac - w przebiegu ostrej infekeji, jej powiklan w postaci ,long
COVID syndrome’ oraz w okresie poszczepiennym, ze szczegdlnym uwzglednieniem ludzi starszych. Omdwiono
wystepowanie, patofizjologie, obraz kliniczny, etapy diagnostyczne i postepowanie. Geriatria 2022;16:163-170. doi:
10.53139/G.20221622
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Abstract

Myocarditis is a medical term referring to inflammation of cardiac muscle cells. Despite the fact that the most
frequently it follows upper respiratory tract infections, emerging data show its increasing prevalence nowadays,
in the COVID-19 pandemic era. The consequences of the outbreak of SARS-CoV-2 are being faced until now
worldwide. Although the disease most commonly affects the pulmonary system, acute infection can present with
myocarditis. Likewise, a new clinical entity called ,long COVID syndrome’, involving the persisting symptoms
weeks after the disease is gone, compromises cardiac inflammation. Casuistically, it may appear as a sequela in
the post-vaccination period. This review aims to describe myocarditis following COVID-19 disease, long COVID
syndrome, and as a post-vaccination against the SARS-CoV-2 complication, with particular attention to the elderly.
Prevalence, pathophysiology, clinical presentation, diagnostic steps, and management are discussed. Geriatria
2022;16:163-170. doi: 10.53139/G.20221622
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Introduction which always have had a significant impact on society
Myocarditis is a medical term for focal or global worldwide. Cardiotropic pathogens actively destruct

inflammation of the heart’s muscle cells leading to cardiomyocytes and cause an acute systemic inflam-

its damage and loss of function. Subsequently, heart matory response.

failure, cardiomyopathy, or sudden cardiac death Since the outbreak of SARS-CoV-2 in 2019, the

(SCD) can occur. It may have numerous causes, but pandemic consequences are being suffered until now.

most frequently it is associated with viral infections, Although COVID-19 usually presents with a respi-
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ratory tract infection, most commonly pneumonia,
emerging evidence shows the increasing incidence
of myocarditis in the disease course. [1,2] It may
complicate the hospitalization period leading to high
mortality rates, poor outcomes, and further long-
-term effects. [3] The clinical presentation is highly
heterogenous, ranging from a non-symptomatic to a
severe, life-threatening condition, which may require
mechanical circulation support and if left untreated,
may be fatal. [1]

Currently, there is a new clinical entity called
,»post-COVID syndrome” or ,,Jlong COVID” or ,,Post-
Acute Sequelae of SARS CoV-2 infection (PASC)”
described. It includes various symptoms persisting
weeks after the infection is gone, not only within the
respiratory system. Myocarditis is reported to be one
of the rare post-COVID cardiovascular long-term
complications. [4]

Occasionally, cases of myocarditis following vacci-
nation against SARS-CoV-2 were reported. [5]

In this review, we describe myocarditis in the
COVID-19 pandemic era in the population of the
elderly, providing information on the disease preva-
lence, clinical presentation, diagnosis, and possible
therapeutic options in both acute COVID-19 infection
and the following long COVID syndrome. The impli-
cation of vaccination is also discussed.

Methods

In this review, PubMed search for the databases,
literature, and clinical trials was done. We included
papers published in English from 2020 to 2022.
Keywords were ,,myocarditis”, ,elderly” combined
with ,COVID-19”, ,long COVID syndrome”, ,,post-
COVID?”, ,,COVID vaccine”, and ,,SARS-CoV-2 vac-
cine”. Mostly case reports and case series were found.

Myocarditis in acute COVID-19 disease
Cardiac complications during the acute COVID-
19 disease results to be a significant burden [3] and
myocarditis is being increasingly reported. [1,2] The
exact prevalence is difficult to establish, as most studies
describe cardiac injury, which is defined as an eleva-
tion of cardiac troponin (cTn) with at least one value
above the 99th percentile upper reference limit (URL),
and the term compromises not only myocarditis but
also cardiogenic shock, acute coronary syndrome,
myocardial infarction, heart failure, arrhythmias, etc.
In the recent systematic review summarizing the car-
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diovascular involvement in COVID-19, the incidence
of new cardiac injury was estimated at 7.2-77% and the
patients had significantly worse outcomes concerning
mortality than the patients without cardiac injury. [3]
One retrospective cross-sectional study from Wuhan,
China, enrolling 112 patients with a median age of 65,
described the evidence of myocarditis at 12.5%. [1] The
incidence was higher in the elderly and was associated
with a worse prognosis. [1,2] A systematic review of
the COVID-19-related myocarditis by S.S.Rathore et
al. involving data from 41 studies indicates a higher
prevalence in men (71.4% of the patients). The median
age was estimated at 43.4 years. [6] In a retrospective
cohort study of 1,452,773 patients who tested positive
for COVID-19, 4,339 were diagnosed with myocarditis
(0.01%). The highest prevalence was noted in adults
aged 275 years old. Moreover, seasonal peaks were
observed. Peaks of the condition were reported in the
period of April-May 2020 and November 2020-January
2021. In 2020 the incidence was 42.3% higher than in
2019. [7]

Numerous mechanisms have been proposed to
explain the background of COVID-19 myocarditis.
Cardiac magnetic resonance (CMR) imaging findings,
endomyocardial biopsy (EMB), and COVID-19 suffer-
ers’ autopsies result beneficial for understanding the
pathophysiology. [8,9,10] The major role is attributed
to direct viral damage to the cardiac cells. In the myo-
cardium, like in the pneumocytes, on the cell surface,
there is a high expression of angiotensin-converting
enzyme 2 (ACE2) receptor, which allows the virus to
enter the cells in the way of endocytosis and, subse-
quently, causes a direct impairment and loss of func-
tion. However, in the EMB the presence of SARS-CoV-2
in the cardiomyocytes was reported casuistically. [8]
Concerning that, a hypothesis of viral replication and
dissemination through the hematological or lymphatic
pathway from the pulmonary system was suggested.
Microscope images reveal macrophage inflammatory
infiltrates and occasionally myocyte necrosis. [8] In
an international multicentre study, cardiac tissue was
obtained from the autopsies of 21 COVID-19 patients.
Increased interstitial macrophages in a majority of
the cases were found. Less frequently multifocal lym-
phocytic myocarditis and other forms of myocarditis
were described. [9] A postmortem morphological
heart examination of 5 elderly patients (74.8+4.4 years)
revealed myocardial infiltrate and combined inflam-
matory damage of the endocardium. The findings were
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consistent with the diagnosis of lymphocytic myocar-
ditis concerning Dallas criteria. [11] Regarding that,
systemic inflammation has a crucial role. SARS-CoV-2
triggers the immune response, causes cytokine storm
with significant immune system deregulation and pro-
vokes a hyper-inflammatory state causing myocardial
damage. Consequently, increased levels of interleukin
(IL) -6,10, tumor necrosis factor (TNF) can be observed.

Other hypotheses suggest the effect of systemic
hypoxemia on the cardiomyocytes. Due to COVID-
19-associated pneumonia, there is a decreased energy
and oxygen supply to the cardiac cells, which alternate
the metabolism from aerobic to anaerobic. As a con-
sequence intracellular acidosis occurs and reactive
oxygen species (ROS) are released, causing damage to
the DNA molecules and proteins. On the other hand,
hypoxia induces an influx of calcium ions leading
to apoptosis of cardiomyocytes. Further on, focal or
global cardiac inflammation and ventricular dysfunc-
tion are observed.

Diagnosing of acute COVID-19-related
myocarditis

Clinical presentation varies among patients. [1] The
reports of COVID-19 myocarditis in the elderly include
cases of a mild-course disease, as well as a fulminant,
life-threatening condition. [1,12,13] Symptoms, most
commonly, include fever (in the meta-analysis esti-
mated prevalence was 57%), cough, chest pain, dyspnea,
or fatigue. [1,6] Occasionally, in more severe cases,
patients develop acute heart failure symptoms, cardio-
genic shock, or malignant arrhythmias. [12,13] A case
of Tako-Tsubo syndrome presenting with myocarditis
was also reported. [14]

CMR imaging results to be the most useful and
specific diagnostic tool in COVID-19-related myocar-
ditis. It provides detailed information about the exact
morphology, pathophysiology, and extent of cardio-
myocyte injury. In a recent systematic review of CMR
findings in COVID-19 patients, including 24 studies
with 199 patients in total, the CMR image was normal
in 21% of the individuals. 40.2% were diagnosed with
myocarditis. [10] T1 and T2 mapping abnormalities,
interstitial edema, and late gadolinium enhancement
(LGE) were the most common findings. Perfusion
deficits, extracellular volume mapping abnormalities,
pericardial effusion, and pericardial LGE were also
seen. In the majority, ventricular functions were within
normal limits. Given that cardiovascular involvement
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is linked to an unfavorable prognosis, its detection is
crucial and CMR, providing the physician with func-
tional information and tissue characterization, seems
significantly beneficial in the differential diagnosis and
management strategy.

Among other findings in COVID-19-related
myocarditis, ¢cT'n and brain natriuretic peptide (BNP)
levels were elevated in almost 90% and 87% of the
patients, respectively. [6] cTn levels were associated
with higher mortality.[1] Noteworthy, troponin levels
might have risen before hospital admission due to
systemic diseases. Many patients, especially the elderly,
suffer from antecedent cardiovascular diseases (CVD)
which result in the cTn elevation.

Electrocardiographic (ECG) changes were not
pathognomic and included non-specific ST-segment
and T-wave changes. [1,6] Sometimes ventricular
tachycardia was described. [2] Many kinds of arrhyth-
mias, both bradyarrhythmias and tachyarrhythmias,
are commonly seen in myocarditis at any stage of
the disease - either ongoing or previous, not only in
COVID-19 disease. This may occur due to the elec-
trical instability of the dysfunctional myocardium.
Arrhythmic myocarditis due to its heterogeneity and
complexity of the clinical presentation, specific dia-
gnostic, prognostic, and therapeutic considerations
remains underdiagnosed, complicates the disease’s
course, and burdens the rapid convalescence.

The transthoracic echocardiography (TTE) ima-
ging most commonly did not unveil any morphological
or functional abnormality. [6]

Treatment of acute COVID-19-related
myocarditis

Therapeutic options for myocarditis in COVID-19
disease are limited. To date little is known, as there is
a paucity of specific, standardized guidance and high-
quality, explicit clinical trials concerning the timing,
dosage, and duration of any medication. Treatment
strategy depends on the clinical course of the disease.
Fulminant myocarditis can be managed with glu-
cocorticoids (methylprednisolone, hydrocortisone,
prednisolone) or immunosuppressive drugs (interferon
a-1b) acting as anti-inflammatories. [12] Also, the use
of high-dose intravenous immunoglobulin (IVIG)
can be considered. Its function is dual- first, antiviral,
and second, anti-inflammatory. IVIG modulates the
immune and inflammatory response and has no major
side effects. To a certain extent, they may inhibit the



GERTATRIA 2022;16: 163-170

virus replication but their use in the early phase of the
disease is required. [12,15] A statement from the ESC
Working Group on myocarditis allows the applica-
tion of glucocorticoids and IVIGs in selected groups
of patients, particularly when a viral or autoimmune
origin with the presence of autoantibodies is suspected.
[16] However, immunosuppression, especially while
viral replication is ongoing, may increase the likelihood
of more serious clinical illness. Therefore it should be
applied with a cautious clinical assessment.

Viral myocarditis should be treated with specific
antiviral therapy, but, to date, in SARS-CoV-2-related
myocarditis, there is a paucity of officially approved
drugs. In the reported cases patients were treated
with hydroxychloroquine, azithromycin, colchicine,
lopinavir/ritonavir, tocilizumab, oseltamivir, and the
symptom relapse was seen. [12,15,17] Additionally, co-
-existing conditions, like heart failure or arrhythmias,
were treated separately according to current, specific
guidelines.

Myocarditis as a cardiovascular sequela
in long COVID syndrome

There is a new clinical entity described as
,»post-COVID syndrome” or ,,Jlong COVID” or ,,Post-
Acute Sequelae of SARS CoV-2 infection (PASC)”. It
includes various persistent symptoms after the conva-
lescence of acute COVID-19 disease and may present
with complications in any human body system, i.e.
nervous, pulmonary, renal, immune. The exact mecha-
nism is still to be investigated, but scientists suggest the
role of cytokine storm, systemic inflammation, and
persistent organ damage. Most commonly patients
experience fatigue and general systemic symptoms. [4]

Although cardiac complications are numerously
reported in acute COVID-19 infection[1,2,3], as men-
tioned above, only a few studies were conducted to
understand the cardiovascular sequelae in long COVID
syndrome, and the reports of myocarditis in PASC
are scarce. [4,18] One retrospective analysis reports
the increased risk of new-onset myocarditis, in both
vaccinated and non-vaccinated patients, in the post-
COVID period with a hazard ratio (HR) of 5.38. [4] In
aretrospective study of 124 elderly COVID-19 patients,
32 had cardiovascular complications (26%), and 2%
were diagnosed with myocarditis. A lower incidence
rate and a less complicated course were observed than
in the acute period studies. All of the cases occurred
in COVID-19 survivors primarily hospitalized in the
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intensive care unit (ICU). Some cases were complicated
with pericardial effusion and inflammation, one pro-
gressed to atrial fibrillation. [18] A retrospective study
of sixteen patients (median age 68 years) revealed
that at 22 weeks post-discharge, 69% of patients were
asymptomatic. The rest of the individuals experienced
persistent cough, dyspnea, or chest pain. [19] However,
further investigation is required, as little is known, and
the exact prevalence, mechanism, and diagnosis remain
a future direction.

CMR findings in long COVID syndrome-
associated myocarditis

CMR emerges to be highly effective in diagnosing
not only the active COVID-19- associated myocarditis
but also the one inlong COVID syndrome. [20,21,22] In
the systematic review the pooled prevalence of one or
more abnormal CMR findings in recovered COVID-19
patients was 46.4% and the pooled prevalence of myo-
carditis and LGE was 14.0% and 20.5%, respectively.
Noteworthy, the incidence of anomalous CMR results
was lower in patients with normal cardiac enzyme lev-
els than in individuals with unknown cardiac enzyme
levels. [20] In one prospective observational cohort
study of 100 COVID-19 survivors in Germany CMR
revealed heart involvement in 78% of patients. 60% of
the individuals had ongoing myocardial inflammation
regardless of any other conditions. [22] In another
study, CMR was performed in sixteen patients (median
age 68 years) at a median of 56 days post-recovery. the
Lake Louise criteria for myocarditis were met in 19%
of patients, as they had nonischemic LGE with elevated
global T2-mapping values. [23] A cross-sectional
study on healthcare workers, with a median age of 52
years, revealed a 26% incidence of myocarditis. CMR
abnormalities were seen in 75%. 42% of the patients
complained about chest pain, dyspnea, or palpitations,
ECG changes were observed in 50%, and the cTn level
was elevated just in one patient (1%). [24] Based on that
it can be concluded that even despite the absence of any
symptoms or left ventricular dysfunction signs, long
haulers can suffer from myocarditis. On the other hand,
the CMR changes, even if severe, can withdraw spon-
taneously. A follow-up CMR in COVID-19 survivors
revealed resolved myocardial edema in 3 young patients
(100%). In one case, a decrease in left ventricular wall
thickness and LVEF improvement were observed.[21]

Some authors suggest the potential role of cardiac
positron emission tomography (PET) in diagnosing
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and assessment of post-COVID-19 myocarditis. In a
Turkish cross-sectional study investigating cardiac
involvement in COVID-19 survivors, the performed
CMR did not reveal any abnormalities in any of the
patients, but fluorodeoxyglucose (18F-FGD)-PET imag-
ing showed increased regional 18F-FGD uptake on
jeopardized heart segments. Moreover, the NT-proBNP
levels were raised. [25] The study proves that patients
with myocarditis in long-COVID syndrome may have
subtle inflammatory changes available to detect only in
high-sensitive PET imaging. It provides supplementary
information to CMR and should be considered while
myocarditis is suspected.

However, the available data highlight the need for
further investigations of cardiovascular sequelae in
long COVID syndrome, especially in the elderly. The
available evidence is scarce and more studies should be
conducted for a better understanding of long COVID-
associated myocarditis in the geriatric population.

Role of GLS in diagnosing long COVID
syndrome-associated myocarditis
Although CMR is the current gold standard for
evaluation of the cardiac structure and function and
diagnosing myocarditis, it may not always be per-
formed due to high expense and the need for contrast
administration. Recent reports highlight the benefits
of the use of global longitudinal strain (GLS) mea-
sured by 2D-speckle tracking echocardiography, as it
is characterized by a higher sensitivity than the LVEF
in identifying myocardial dysfunction at a global and
regional level. [26,27] As already mentioned, reports
did not show a decrease in LVEF assessed in TTE in
the acute COVID-19 infection-related myocarditis,
unless the condition was severe. [12] GLS measure-
ment, instead, results beneficial in the identification
of subclinical myocardial dysfunction and allows for
the early detection of suspected myocarditis, before
the LVEF reduction occurs. [26,27,28] A prospec-
tive cross-sectional study investigated myocardial
dysfunction in COVID-19 elderly patients (median
age 62) detected by GLS measurement. The reduction
was observed in about 83% of the patients and was
more common in critically sick individuals. [28] In
a retrospective single-center analysis of the COVID-
19 patients (mean age = 66 * 18) abnormal GLS was
found in 80%, and LVEF was preserved (=50%) in 78%.
[26] Another observational cohort study of 18 elderly
COVID-19 patients (median age 64+ 19) showed an
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increased prevalence of myocardial injury - in most of
the patients abnormal GLS in more than one cardiac
segment (71% with normal LVEF was recorded. [28]
According to data, the GLS findings abnormalities in
COVID-19 patients involve the basal segments of the
left ventricle (LV). [2,3] Such pattern is not typically
observed in other myocarditis and it was described as
a ,reverse tako-tsubo” morphology. [27] Concerning
the above, GLS seems highly sensitive for myocardial
dysfunction detection and may be valuable for rec-
ognizing myocarditis associated with long COVID
syndrome. It can contribute to risk stratification and
management strategies. However, to learn more about
the prevalence of cardiac involvement in COVID-19
patients, its risk factors, and long-term prognosis, more
research is required.

Myocarditis after vaccination against
SARS-CoV-2

Vaccine-associated myocarditis prevalence is
scarce and not precisely estimated. Most commonly it
was associated with smallpox, influenza, or hepatitis
B vaccine, and casuistically with other agents. With
the emergence of the COVID-19 vaccine emerged
the hope for the end of the pandemic. For now, four
approved vaccines are available in Europe. Two of them
are messenger RNA (mRNA)-based (Pfizer-BioNTech
COVID-19 (BNT162b2; Pfizer, Inc; Philadelphia,
PA) and Moderna (mRNA-1273; ModernaTX, Inc;
Cambridge, MA), while the other two are viral vector
(adenovirus)-based (Janssen (Ad.26.COV2.S; Johnson
and Johnson; New Brunswick, NJ) and Vaxzevira (pre-
viously COVID-19 vaccine AstraZeneca, ChAdOx1
nCoV-19 vaccine, Oxford). In clinical trials, each one
of four of them was proven with safety and clinical
efficacy. However, despite the fact that adverse effects
regarding myocarditis were not seen during any of the
coronavirus disease 2019 (COVID-19) vaccine trials,
there are reports of myocardial inflammation following
vaccination against SARS-CoV-2. [29,30,31]

A recent statement by the Centers for Disease
Control and Prevention concludes that some vaccines,
notably mRNA vaccines, may have an adverse effect
presenting as myocarditis. [32] There is an association
between the COVID-19 mRNA vaccines and myocar-
dial inflammation, noted especially in younger males
(with a median age of 24) within a few days (median
of 3 days) after the second dose. The incidence is esti-
mated at 4.8 cases per 1 million and is higher than
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expected in all age groups and in both males and
females. The most reported cases were within younger
ages. [32] Concerning the findings, the Food and Drug
Administration (FDA) added warning information on
both mRNA vaccine characterization labels informing
of the rare risk of myocarditis. [33]

The exact mechanism of the condition remains
unknown. Some RNA molecules, included in the vac-
cine, may be immunogenic and provoke a cytokine
storm, resulting in a systemic high-inflammatory status
and, as a part of it, provoking myocarditis. On the other
hand, a hypothesis considering a molecular mimicry
phenomenon was proposed. Antibodies against spike
protein of SARS-CoV-2 may cross-react with structur-
ally similar human proteins and, subsequently, lead to
organ deregulation, inflammation, and loss of function.
Nevertheless, the area needs more investigations in the
future, as cardiac biopsy is not routinely performed,
which complicates the highly detailed pathophysi-
ological study.

Regarding post-vaccination myocarditis in the
elderly, there is a paucity of explicit evidence and more
investigations are required. In one prospective cohort
study conducted in England between 1 December
2020 and 24 August 2021, enrolling 28,615,491 patients
aged 16 or older vaccinated for COVID-19, 0.004% of
them were admitted to the hospital with the diagno-
sis of myocarditis and 0.001% of the cases occurred
after 1-28 after any dose of the vaccine. [29] Increased
risk of cardiac inflammation was found with the first
dose of CHAdOx1 and BNT162b2 vaccines and both
doses of mRNA-1273 vaccine over the 1-28 days post-
vaccination period. The incidence risk ratio (IRR) of
myocarditis was increased at 1-7 days following the first
dose of ChAdOx1 (IRR 1.76), BNT162b2 (IRR 1.45),
and mRNA-1273 (IRR 8.38), and the second dose of
BNT162b2 (IRR 1.75) and mRNA-1273 (IRR 23.10).
As observed, the risk was higher with mRNA-1273 in
both doses.

A retrospective cross-sectional study was con-
ducted in forty hospitals in the United States of
America (USA) - in Washington, Oregon, Montana,
and Los Angeles County, California. Among indi-
viduals vaccinated with at least 1 dose of BNT162b2,
mRNA-1273, or Ad26.COV2.S vaccine until 25 May
2021, at the median age of 57, twenty had vaccine-
related myocarditis (1.0 per 100000)- four patients
following the first dose, sixteen following the second.
Nine of them required hospital admission and were

168

discharged after a median of 2 days, without readmis-
sion. Myocarditis occurred after a median of 3.5 days
following the vaccination. [30]

Another retrospective cross-sectional study in the
USA among vaccinated with mRNA vaccine patients
revealed 7 individuals with the diagnosis of myocar-
ditis. Four of them were reported with the diagnosis
five days after the vaccination. The individuals were
three young men and one elderly woman aged 70. Each
patient had a history of severe chest pain, and myocar-
dial damage as indicated by the laboratory biomarkers,
and required hospitalization. [31]

Bozkurt et al. provided a thorough report on
the case reports and case series of myocarditis after
COVID-19 vaccination. [5] Most of the studies reported
young males after the second dose of mMRNA COVID-19
vaccines. All had elevated cTn and the CMR revealed
abnormalities. Although the majority required hos-
pitalization, the symptoms withdrew with or without
treatment.

Concluding, to date, reports of myocarditis follow-
ing the vaccination are scarce and further research is
required, especially in older adults. However, the risk-
to-benefit profile is undoubtedly favorable. COVID-19
vaccines are highly effective in decreasing morbidity
and mortality rates, alleviating disease course, and
preventing long-term complications. Most reported
post-vaccination reactions were mild and did not
require any intervention. Older adults are especially
predisposed to develop a severe infection course and
experience further consequences, so it is necessary
to provide them with the vaccine. Nonetheless, a dif-
ferential diagnosis of any patient complaining about
chest pain a few days after the vaccine should include
myocarditis.

Conclusions

COVID-19 disease, like other viral infections,
has a significant impact on society worldwide. Even
though primarily it was associated with respiratory
tract involvement, increasing evidence of COVID-19
myocarditis is observed in both the acute phase of the
disease and long COVID syndrome, a medical entity
including persistent symptoms weeks after the acute
phase is gone. Older people with their comorbidities
are highly predisposed to develop severe infection and
further cardiovascular complications.

The diagnosis of COVID-associated myocarditis
is challenging due to disease heterogeneity in clinical
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presentation and the lack of specific studies confir- to establish uniform guidance on the screening, dia-
ming the diagnosis. CMR is reported to be the most gnosing, and treatment procedures aiming to prevent
specific tool for myocarditis diagnosis, as it provides post-COVID complications.
the clinician with the exact morphological and patho-
physiological image. Conflict of interest
Despite the fact that the individual cases of cardiac None
inflammation following vaccination against SARS-
CoV-2 were described, the risk-to-benefit profile is Correspondence address
favorable and vaccination seems the only possibility to (=] Justyna Rohun
avoid a severe infection course and decrease the post- IT Department of Cardiology and Electrotherapy,

-COVID sequelae incidence, notably in the geriatric Medical University of Gdansk
population, which is the most predisposed to have a Smoluchowskiego 17, 80-214 Gdansk, Polska
poor outcome. & (+4858) 584 47 60

ditis in the elderly is scarce. Further research is required

Notwithstanding, current data reporting myocar- justynarohun@gumed.edu.pl

References

1

. Deng Q, Hu B, Zhang Y, et al. Suspected myocardial injury in patients with COVID-19: Evidence from front-line clinical observation in

Wuhan, China. Int ] Cardiol. 2020;311:116-21.

. Guo T, Fan Y, Chen M, et al. Cardiovascular Implications of Fatal Outcomes of Patients with Coronavirus Disease 2019 (COVID-19).

JAMA Cardiol. 2020;5(7):811-8.

. Moayed MS, Rahimi-Bashar F, Vahedian-Azimi A, et al. Cardiac Injury in COVID-19: A Systematic Review. Adv Exp Med Biol.

2021;1321:325-33.

4. Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat Med. 2022;28(3):583-90.
5. Bozkurt B, Kamat I, Hotez P]. Myocarditis With COVID-19 mRNA Vaccines. Circulation. 2021;144(6):471-84.

~

10.

11.

12.

13.

14.

15.

16.

17.
18.

. Rathore SS, Rojas GA, Sondhi M, et al. Myocarditis associated with Covid-19 disease: A systematic review of published case reports and

case series. Int J Clin Pract. 2021;75(11):e14470.

. Boehmer TK, Kompaniyets L, Lavery AM, et al. Association Between COVID-19 and Myocarditis Using Hospital-Based Administrative

Data - United States, March 2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70(35):1228-32.

. Castiello T, Georgiopoulos G, Finocchiaro G, et al. COVID-19 and myocarditis: a systematic review and overview of current challenges.

Heart Fail Rev. 2022;27(1):251-61.

. Basso C, Leone O, Rizzo S, et al. Pathological features of COVID-19-associated myocardial injury: a multicentre cardiovascular pathology

study. Eur Heart J. 2020;41(39):3827-35.

Ojha V, Verma M, Pandey NN, et al. Cardiac Magnetic Resonance Imaging in Coronavirus Disease 2019 (COVID-19): A Systematic
Review of Cardiac Magnetic Resonance Imaging Findings in 199 Patients. ] Thorac Imaging. 2021;36(2):73-83.

Kogan EA, Berezovskiy YS, Blagova OV, et al. Miocarditis in Patients with COVID-19 Confirmed by Immunohistochemical. Kardiologiia.
2020;60(7):4-10.

Zeng JH, Liu YX, Yuan J, et al. First case of COVID-19 complicated with fulminant myocarditis: a case report and insights. Infection.
2020;48(5):773-7.

Tavazzi G, Pellegrini C, Maurelli M, et al. Myocardial localization of coronavirus in COVID-19 cardiogenic shock. Eur ] Heart Fail.
2020;22(5):911-5.

Sala S, Peretto G, Gramegna M, et al. Acute myocarditis presenting as a reverse Tako-Tsubo syndrome in a patient with SARS-CoV-2
respiratory infection. Eur Heart J. 2020;41(19):1861-2.

Hu H, Ma F, Wei X, Fang Y. Coronavirus fulminant myocarditis treated with glucocorticoid and human immunoglobulin. Eur Heart J.
2021;42(2):206.

Caforio AL, Pankuweit S, Arbustini E, et al. European Society of Cardiology Working Group on Myocardial and Pericardial Diseases.
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. Eur Heart J. 2013;34(33):2636-48, 2648a-2648d.

Ho JS, Sia CH, Chan MY, et al. Coronavirus-induced myocarditis: A meta-summary of cases. Heart Lung. 2020;49(6):681-5.

Karadavut S, Altintop I. Long-term cardiovascular adverse events in very elderly COVID-19 patients. Arch Gerontol Geriatr.
2022;100:104628.

169



GERTATRIA 2022;16: 163-170

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.
31

32.

33.

Ng MY, Ferreira VM, Leung ST, et al. Patients Recovered From COVID-19 Show Ongoing Subclinical Myocarditis as Revealed by Cardiac
Magnetic Resonance Imaging. JACC Cardiovasc Imaging. 2020;13(11):2476-8.

Kim JY, Han K, Suh Y]J. Prevalence of abnormal cardiovascular magnetic resonance findings in recovered patients from COVID-19: a
systematic review and meta-analysis. ] Cardiovasc Magn Reson. 2021;23(1):100.

Ojha V, Verma M, Pandey NN, et al. Cardiac Magnetic Resonance Imaging in Coronavirus Disease 2019 (COVID-19): A Systematic
Review of Cardiac Magnetic Resonance Imaging Findings in 199 Patients. ] Thorac Imaging. 2021;36(2):73-83.

Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of Cardiovascular Magnetic Resonance Imaging in Patients Recently Recovered
From Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-73.

Ng MY, Ferreira VM, Leung ST, et al. Patients Recovered From COVID-19 Show Ongoing Subclinical Myocarditis as Revealed by Cardiac
Magnetic Resonance Imaging. JACC Cardiovasc Imaging. 2020;13(11):2476-8.

Eiros R, Barreiro-Pérez M, Martin-Garcia A, et al. Pericardial and myocardial involvement after SARS-CoV-2 infection: a cross-sectional
descriptive study in healthcare workers. Rev Esp Cardiol (Engl Ed). 2021:51885-5857(21)00324-8.

Sarigam E, Dursun AD, Tiirkmen Sariyildiz G, et al. Laboratory and Imaging Evaluation of Cardiac Involvement in Patients with Post-
Acute COVID-19. Int ] Gen Med. 2021;14:4977-85.

Shmueli H, Shah M, Ebinger JE, et al. Left ventricular global longitudinal strain in identifying subclinical myocardial dysfunction among
patients hospitalized with COVID-19. Int ] Cardiol Heart Vasc. 2021;32:100719.

Stobe S, Richter S, Seige M, et al. Echocardiographic characteristics of patients with SARS-CoV-2 infection. Clin Res Cardiol.
2020;109(12):1549-66.

. LiR, Wang H, Ma F, et al. Widespread myocardial dysfunction in COVID-19 patients detected by myocardial strain imaging using 2-D

speckle-tracking echocardiography. Acta Pharmacol Sin. 2021;42(10):1567-74.

Patone M, Mei XW, Handunnetthi L, et al. Risks of myocarditis, pericarditis, and cardiac arrhythmias associated with COVID-19
vaccination or SARS-CoV-2 infection. Nat Med. 2022;28(2):410-22.

Diaz GA, Parsons GT, Gering SK, et al. Myocarditis and Pericarditis After Vaccination for COVID-19. JAMA. 2021;326(12):1210-2.
Kim HW, Jenista ER, Wendell DC, et al. Patients With Acute Myocarditis Following mRNA COVID-19 Vaccination. JAMA Cardiol.
2021;6(10):1196-201.

Wallace M, Oliver S. COVID-19 mRNA vaccines in adolescents and young adults: benefit-risk discussion. Atlanta: Centers for Disease
Control and Prevention. June 23, 2021. (https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.
pdf).

Marill MC. FDA to add myocarditis warning to mRNA COVID-19 vaccines. Medscape. June 23, 2021. Accessed July 6, 2021. (https://
www.medscape.com/viewarticle/953647).

170





