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Summary

Giant cell myocarditis is a rare but extremely severe disease with a
frequent need for heart transplantation and a high mortality rate. To
this day, the most common reason for the occurrence of this disease
has not been precisely determined, but its frequent association with
autoimmune diseases speaks in favor of autoimmune etiology. Clin-
ically, it is presented to the greatest extent by symptoms and signs
of acute heart failure and ventricular rhythm disturbances, which are
registered in as many as half of the patients. Arrhythmias can be ac-
companied by the occurrence of palpitations, repeated syncope, and
even sudden cardiac death. A severe degree of acute heart failure in
hemodynamically unstable patents who respond inadequately to the
administered therapy for heart failure and refractory heart rhythm
disorders and/or conduction disorders that are common in these pa-
tients should always raise suspicion of giant cell myocarditis. Given
that changes in electrocardiogram, echocardiography and positive
biomarker values are not strictly specific for this disease, the diagnosis
of giant cell myocarditis is most often established by endomyocardial
biopsy, especially in patients with the fulminant form of the disease.
Timely endomyocardial biopsy enables not only quick and accurate
diagnosis, but also early administration of immunosuppressive thera-
py, which greatly improves the outcome in these patients. Pathohisto-
logical verification of this disease is important so as to rule out cardiac
sarcoidosis and other granulomatous infectious and non-infectious
diseases. Given that in a large number of patients the disease has a
fulminant course, early and rapid diagnosis, application of inotropic
stimulation and mechanical circulatory support in hemodynamical-
ly unstable patients and adequate modern therapeutic regimen can
largely reduce mortality in these patients, which is still high despite
modern diagnostics and therapeutic progress of medicine
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INTRODUCTION

Myocarditis is an inflammatory disease of the heart
muscle caused by infection, drug-mediated activation
of the immune system, or the activity of other harmful
agents (1). The classification of myocarditis is made ac-
cording to the etiological factor that causes it, the stage
in which the disease has been diagnosed, the severity of
the disease, the dominant symptoms, and the pathohis-
tological findings (2). In acute myocarditis (AM), symp-
toms usually appear a month before the diagnosis (2,3).
It occurs more often in men (76,6%-82%) and predom-
inantly in younger population (the highest frequency is
found in the population between 23 and 50 years of age)
(4,5). Apart from adults, AM is not rare in children either
(6). There is also evidence of a possible genetic predispo-
sition in the development of myocarditis (7). Pathohisto-
logically, according to the Dallas criteria, AM is classified
as active myocarditis characterized by the presence of an
inflammatory infiltrate in the myocardium (14 leuco-
cytes/mm” including up to 4 monocytes/mm? with the
presence of CD 3 positive T-lymphocytes 7 cells/mm),
necrosis and/or by degeneration of adjacent cardiomyo-
cytes (8). Myocarditis can be pathohistologically divid-
ed into lymphocytic, giant cell (GCM), eosinophilic, and
granulomatous myocarditis (9).

In a certain number of patients, the acute form of the
disease can be asymptomatic but it can also manifest
with a variable clinical picture, ranging from mild infec-
tion symptoms to the development of severe heart failure,
and even sudden cardiac death. The form of the disease
that develops rapidly, has a progressive course with rap-
id development of heart failure and shock, and requires
frequent use of inotropic stimulation or mechanical cir-
culatory support is referred to as fulminant myocarditis
(10). According to the Lombardy registry, approximately
73,4% of patients have an uncomplicated form of the dis-
ease that is not accompanied by heart failure and malig-
nant rhythm disorders (11).

Most patients complain of general symptoms (fever,
weakness) and chest pain (82%-97% of patients), which
can have an anginal character or resemble the pain expe-
rienced in acute pericarditis (sharp pain worsened during
inspiration and in lying position) (11,12). Signs and
symptoms of heart failure (fatigue, shortness of breath,
orthopnea) are especially common in fulminant myocar-
ditis. Due to rhythm disturbances, patients often report
palpitations and syncope, especially in cases of fulminant
myocarditis. Gastrointestinal and respiratory symptoms
are also not uncommon, especially when the course is a
viral infection, and they occur in approximately 80% of
patients about 2 weeks before the diagnosis of myocardi-
tis is established (10).

To establish the duagnosis of myocarditis, due to its
heterogeneous clinical presentation, it is important to
take a detailed medical history regarding prior infections,

medication use, travel to endemic areas, alcohol abuse,
and other illicit substances.

Non-invasive diagnostic tests (ECG, biomarkers, and
echocardiography) are recommended for all patients in
whom myocarditis is suspected (3). These tests have high
sensitivity but low specificity in patients with myocarditis
(13-15). According to the ITAMY study, ECG changes oc-
cur in approximately 96% of those affected, elevated levels
of inflammatory markers and hsTnl in as many as 99%
of those affected, while segmental kinetics impairments
of the ventricle, as assessed by echocardiography, are ob-
served in 21% of myocarditis patients (13). Although the
final diagnosis of myocarditis is established through endo-
myocardial biopsy, there is a growing use of cardiac mag-
netic resonance (CMR) imaging (sensitivity 87.5% and
specificity 96.2%), which nowadays represents the non-in-
vasive diagnostic gold standard (16,17). Its application is
recommended in all hemodynamically stable patients, and
for better diagnostic accuracy, it is best performed within
the first 2 to 3 weeks from the onset of symptoms (2). In
addition to diagnosing myocarditis, CMR has proven to
be a method of choice for monitoring the course of the dis-
ease and assessing clinical outcomes (18).

GIANT CELLULAR MYOCARDITIS

Giant cellular myocarditis represents a severe heart mus-
cle condition characterized by inflammation mediated
by the activation of T lymphocytes (19). Although the
etiology of the disease is unknown, there are indications
suggesting the involvement of autoimmune processes.
Given that this is a very serious condition, timely diagno-
sis and early initiation of immunosuppressive therapy are
of immense importance.

Epidemiological Characteristics

The results of studies conducted in Japan, England, and
India have shown that the incidence of Giant Cell Myo-
carditis (GCM) is 0.0075, 0.025%, and 0.051%, respec-
tively (20-22). It most commonly occurs in individuals
who are in their fourth decade of life, although cases of
GCM have been described in the pediatric population as
well (23-26). There are documented cases of GCM in in-
fants as young as a few months old and in patients over 70
years of age (27). When considering all forms of myocar-
ditis, a higher prevalence is observed in males; however,
GCM has not shown a significant difference in incidence
based on gender distribution (28). The non-fulminant
form of GCM occurs with a frequency of up to 4% while
the fulminant form of the disease is more common, rang-
ing from 3.6% to 14.5% (29-31). Various cardiovascular
diseases have shown a circadian rhythm of occurrence
both during the day and in different periods of the year,
sometimes without a clear cause-and-effect relationship
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(32). The frequency of GCM varies depending of the
time of year, and the results of an autopsy study by Okada
R. and colleagues, considering the annual fluctuation in
GCM incidence, suggest a predominantly infectious eti-
ology of this condition (21, 33, 34).

Histopathological Findings, Potential Etiological
Factors, and Associated Conditions in GCM

Active myocarditis, which is the basis of every acute
myocarditis, is histopathologically characterized by the
presence of an inflammatory cellular infiltrate in the
myocardium along with concurrent degeneration and/or
necrosis of cardiomyocytes (8). Interstitial tissue edema
is often present along with fibrotic changes. GCM is char-
acterized by the presence of a diffuse or multifocal mono-
nuclear infiltrate alongside multinucleated giant cells
and eosinophils (35). Myocyte damage and necrosis are
always present. The presence of poorly formed granulo-
mas is possible (36). Clearly formed granulomas exclude
the diagnosis of GCM (35). In 5-10% of cases, GCM is di-
agnosed as extracardiac granulomatous inflammation in
lymph nodes or the liver (37). Itis pathologically crucial to
differentiate between well-organized granulomatous le-
sions found in cardiac sarcoidosis and a diffuse non-gran-
ulomatous infiltrate seen in GCM. The first to highlight
this histopathological difference between these two clin-
ical entities was Tesluk H. in 1956 (38). In case of cardiac
sarcoidosis, the presence of granulomas and the absence
of necrosis are important differential diagnostic criteria.
Non-caseating granulomas may be composed of epithe-
lioid cells that can occasionally fuse to form Langhans
giant cells (36). However, Cooper LT Jr. and colleagues
emphasize that the presence of granulomatous infiltrate
in lymph nodes or other organs, or the presence of sar-
coidosis, does not exclude the possibility of GCM coexis-
tence (35). In addition to sarcoidosis, other infectious and
systemic granulomatous diseases can represent a major
pathohistological differential diagnostic problem. Infec-
tious agents such as tuberculosis, cryptococcus, measles,
syphilis and fungal infections can lead to granulomatous
changes in the myocardium, especially in immunocom-
promised patients (39-42). Myocardial involvement is
seen in 6-44% of patients with Wegener’s granulomatosis
(43). Rheumatic carditis is characterized by Aschoff nod-
ules and MacCallum plaques (44). Granulomas have also
been described as a reaction to a foreign body in patients
with implanted permanent pacemaker (45).

When it comes to lymphocytic myocarditis, the most
common etiological factor for its occurrence is a preced-
ing viral infection with cardiotropic viruses. In case of
GCM, there have also been reported cases or an asso-
ciation between this type of myocarditis and infections
involving Coxsackie type B and Parvovirus B19 viruses
(46,47). Myocardial damage accompanied by elevated
hsTnl values is often registered in patients with Covid-19

infection (48). Amiri A. and colleagues described a case
of GCM in a patient with Covid-19 infection (49). Apart
from direct damage to cardiomyocytes in some viral in-
fections, GCM can also be associated with autoimmune
systemic disease, which is why a detailed medical history
regarding symptoms and signs related to other systems
of organs is important (50). Involvement of autoimmune
processes and molecular mimicry may be significant for
disease progression in patients with myocarditis.

It has been shown that patients with GCN have sig-
nificantly higher titers of antibodies to myosin and their
cross-reactivity with adrenergic receptors compared to
a healthy individual (51). Animal models have demon-
strated the development of GCM through the induction
of an autoimmune process involving myosin and CD4+T
lymphocytes (52,53). The association of inflammatory
bowel disease (IBD) with GCM has been most common-
ly described. Myocarditis associated with IBD occurs in
the acute phase of the disease (67%) and it more frequent-
ly affects young males (72%), predominantly presenting
with an infarct-like state (58%) (54). Shivaraj et al. inves-
tigated adult IBD patients from 2010 to 2014, and found
that myocarditis was present in 0.01% patients, specifi-
cally 0.018% in ulcerative colitis, and 0.009% in Crohn’s
disease (55). GCM has been reported to coexist with
Guillain-Barre syndrome, myasthenia gravis, Takayasu
arteritis, pernicious anemia, orbital myositis, systemic
lupus erythematosus, autoimmune hepatitis, etc. (3,56-
59). When it comes to tumors, the association of GCM
with the occurrence of Thymoma and with lymphomas is
most often described (59,60).

A series of cases of GCM associated with hypersen-
sitivity to drugs (Minocycline, Cefadroxil monohydrate;
Phenytoin, primidone;) was presented by Daniels PR and
associates. Cases of GCM after the administration of cer-
tain vaccines are not rare either (61,62).

Data on the association of the above-mentioned dis-
eases come primarily from individual cases or series of
cases described in literature, so the true cause-and-effect
association of this disease with other autoimmune and
malignant disorders is still unknown.

Clinical picture of GCM

Myocarditis is considered to be the cause of 4.6-14% of
sudden cardiac deaths in young people, and therefore this
disease should be considered even when the symptoms of
the disease are mild (63-65). Unlike lymphocytic myo-
carditis, where prodromal symptoms in the form of respi-
ratory or gastrointestinal infection accompanied by fever
are often present, they are much less pronounced when it
comes to GCM (11,66). Most common symptoms in as
many as 78% of patients with GCM are orthopnea, dys-
pnea, fatigue, which are caused by heart muscle weakness
(31). Along with the symptoms of heart failure, signs of
heart failure are also often present (auscultatory presence
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of late inspiratory crackles over the lungs, presence of
the third heart sound, peripheral edema, distended neck
veins, enlarged liver, etc.). It is important to recognize in
time the signs of hemodynamic instability/shock when
the patient is tachycardic, with cold extremities, which all
indicate poor cardiac output. In such cases, timely appli-
cation of inotropic stimulation with mechanical circula-
tory support is necessary. Patients suffering from GCM
who initially present with signs and symptoms of heart
failure have a high risk of death and, in case of a positive
outcome, a great need for a heart transplant (67).

Chest pain occurs in about 19% of GCM patients (68).
The pain can be similar to that experienced by patients
with acute coronary syndrome, but it can also have a peri-
cardial character. Palpitations occur due to ventricular
and supraventricular arrhythmias, and the substrate for
their formation is active inflammation of the heart mus-
cle, infiltration of the myocardium by giant cells, and
the development of a residual scar of the myocardium as
a consequence of chronic inflammation. About 14% of
patients with GCM have ventricular tachycardia on ad-
mission, which is accompanied by palpitation, syncope,
and if it degenerates into ventricular fibrillation even sud-
den cardiac death (68, 69). The prevalence of ventricular
rhythm disorders in GCM is up to 55%, of which episodes
of non-sustained VT are most common (69).

The results of the study by Ghaly M. and colleagues
suggest that disorders in implementation are registered in
as many as 27% of patients with GCM (69). On the other
hand, Okura Y. et al. showed that atrioventricular blocks
were reported in 15% of patients with GCM, in contrast
to approximately 50% in patients diagnosed with cardi-
ac sarcoidosis (68). Studies have also shown that the risk
of arrhythmias and sudden cardiac death does not nec-
essarily correlate with severity of myocardial inflamma-
tion and that recovery does not necessarily correlate with
the disappearance of arrhythmias. A multicenter study of
GCM survivors found that 23% of patients had recurrent
VT during a follow-up of 5.5 years, but mostly in patients
who had a malignant cardiac rhythm disorder at initial
presentation (70).

Diagnostic procedures

Given the polymorphism of the clinical picture, the first
step in establishing an accurate diagnosis of this disease is to
correctly take anamnestic data on previous viral infections,
febrile conditions, and associated diseases. It is necessary to
take a detailed history of previous diseases, with a special fo-
cus on autoimmune diseases, with which it has been shown
that there is an overlap of up to 20% (71). It is important to
note that in patients with myocarditis in whom the signs
of heart failure appeared suddenly and did not respond as
expected to the applied treatment measures, GCM should
always be considered. Given that these patients can benefit
significantly from a specific form of treatment compared to

other forms of myocarditis, the timely decision to perform
an endomyocardial biopsy can be crucial.

ECG

The largest number of patients with GCM has changes
in electrocardiogram. A retrospective analysis of 1.814
ECGs of 274 consecutive patients with acute myocardi-
tis aged >13 years, who were hospitalized in two centers
between August 2007 and November 2019, showed that
as many as 91.6% of patients have ECG abnormalities
(72). The common ECG findings are ST-T wave changes,
Q waves, QT interval prolongation, QRS prolongation,
low voltage of QRS, atrioventricular block (AVB), bundle
branch block (BBB) and ventricular tachycardia (VT),
atrial fibrillation and other supraventricular arrhythmias
(72-74). Considering that none of the mentioned chang-
es are pathognomonic for GCM, the sensitivity of ECG
is low (47%) (75). Changes in the form of ST segment
elevation occur in 24-73% of cases depending on the re-
sults of various studies (74). In these patients, especially
if they present with chest pain, it is important to make a
clear distinction in relation to acute coronary syndrome.
In these patients, ST elevation occurs more often when
the pericardium is affected. In these cases, ST elevation is
usually concave upwards and occurs in a large number of
leads and is not accompanied by reciprocal ST depression
asinacute myocardial infarction (76). T wave inversion is
a common finding in electrocardiogram of these patients
(77). When it comes to the fulminant form of GCM, the
frequency of ventricular rhythm disorders and conduc-
tion disorders is higher. Atrioventricular blocks are regis-
tered in about 30% of GCM patients and their appearance
in the electrocardiogram indicates a more severe form of
the disease (72, 78). About 30% of patients have VT on
admission, while VF occurs with a frequency of about
3% of patients (68). In addition to ventricular rhythm
disorders, supraventricular heart rhythm disorders have
also been described with a much lower frequency. Atrial
fibrillation occurs due to myocarditis involving the left
atrial wall (left atrial GCM), its dilation and changes in
the structure of its wall (edema) (74, 79).

In all patients with myocarditis, if it is impossible
to stop arrhythmias with antiarrhythmic drugs, GCM
should always be considered. The occurrence of com-
plete atrioventricular block in electrocardiogram of
GCM patients must encourage us to rule out long-term
diseases with GCM, such as Lyme disease (44%) or car-
diac sarcoidosis (30%). The incidence of the association
of these two diseases with GCM is much higher than in
other forms of myocarditis (74, 80).

Biomarkers in myocarditis

There are no specific biomarkers that would confirm the
diagnosis of GCM. As with other forms of myocarditis,
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the values of inflammatory markers, markers of cardio-
myocyte degradation and markers of heart dysfunc-
tion are elevated. Elevated CRP values and accelerated
erythrocyte sedimentation are registered in 80-99% of
patients with myocarditis (3). Given that elevated values
of both CRP and erythrocyte sedimentation are present
in many infectious and non-infectious diseases, their pos-
itive values have low specificity. However, there are stud-
ies that indicate a positive correlation between the level
of CRP and the extent of myocardial damage assessed by
CMR (81). The results of a retrospective study in which
hs-CRP values were compared in patients with fulminant
GCM and fulminant lymphocytic myocarditis showed
that patients with GCM had lower hs-CRP values and
that the cut-off value of hs-CRP- and of 11.71 mg/L was
proposed as a cut-off point for differentiating the diagno-
sis in patients with fulminant GCM and fulminant lym-
phocytic myocarditis (82).

Highly sensitive TnT values are usually elevated in
at least a third of patients with GCM, but specificity of
hsTnT values for this disease is low considering that pos-
itive values are registered both in ischemic heart diseas-
es and in many other cardiac and non-cardiac diseases
(83, 84). The results of the joint study by Gilotra NA and
colleagues showed that hsTn levels are not important in
establishing a diagnosis or in assessing severity of the dis-
ease in patients with GCM (85). An early increase and a
sudden decrease in hst Tnl is associated with the reduc-
tion of the inflammatory process in the myocardium and
suggests a good prognosis for the patient (86).

Increased BNP and NT-pro BNP concentrations in
patients with GCM may be explained by the develop-
ment of left ventricular dysfunction and volume overload,
which is often seen in patients with GCM (87, 88). Ukena
et al. showed that in patients with myocarditis NT-proB-
NP in the highest quartile (>4.225 ng/ml) was predictive
for cardiac death or heart transplantation (hazard ratio
9.2; 95 % confidence interval 1.7-50; p = 0.011) (89).

Novel inflammatory biomarkers under investigation
include tumor necrosis factor-a, interleukins, interfer-
on-v, serum-soluble Fas, and soluble Fas ligand levels. EI-
evation of these markers portends a worse prognosis (90).

Considering a possible autoimmune nature of myo-
carditis, elevated autoantibodies to heart components
can often be found (in as many as 60% of patients) (91).
The level of cardiac- and inflammatory-associated miR-
21 was significantly elevated during the acute phase of
myocarditis (92). Serology for possible causes of myo-
carditis is suggested in case of specific cases, especially
if HIV or Borrelia burgdorferi is suspected (2). However,
it was shown that results of serological tests for viruses
did not correlate with endomyocardial biopsy findings
(93). Given the association of GCM with many system-
ic diseases, it would be useful to perform immunological
tests (antinuclear antibodies, anti-dsDNA antibodies, ¢
ANCA, anti Scl 70 antibodies, etc.).

Echocardiographic findings

Echocardiography is a non-invasive cardiac diagnostic
method that should be performed in all patients with sus-
pected GCM. In addition to its diagnostic significance,
echocardiography plays a major role in monitoring and
prognosis of GCM patients. In patients with GCM, wall
thickening and decreased wall motion can typically be
seen, which are not present in the revascularization re-
gion of a certain coronary artery. Most often, this finding
occurs due to myocardial edema and is reversible. Not
infrequently, the presence of pericardial effusion is regis-
tered by echocardiography. In about 75% of patients with
GCM, we have a reduced left ventricular ejection fraction
(LVEF), which is an important diagnostic criterion that
canlead to the diagnosis of GCM (78, 94). In a series of 51
patients with GCM, the mean LVEF was 41%: 72% had
LVEF <50%, and 52% had LVEF <35%. LV dilatation was
absent in 72% (71).

In recent years, the speckle-tracking method was in-
creasingly used in the field of echocardiography for diag-
nosing myocarditis. In addition, this imaging technique
had a role in predicting deterioration and overall event-
free survival in patients with myocarditis (95). Apart
from the assessment of the left ventricular diameter and
LVEF, right ventricular systolic function should also be
assessed in terms of right ventricular size, tricuspid annu-
lar plane systolic excursion (TAPSE), tricuspid systolic
velocity (RV '), right ventricular fractional area change
(RVFAC) (3).

In case of an isolated form of atrial GCM, almost all
patients have severe atrial dilatation, mitral/tricuspid re-
gurgitation, and often mural thrombi due to the presence
of hypokinesia of the atrial wall and atrial fibrillation (79).

Cardiomagnetic resonance

Cardiomagnetic resonance is the non-invasive gold stan-
dard in hemodynamically stable patients with myocar-
ditis. CMR is recommended in patients with clinically
suspected AM or in patients with chest pain, normal
coronary arteries, and raised troponin, for differential
diagnosis of ischemic versus nonischemic origin (2, 96).
Sensitivity and specificity of CMR for diagnosing myo-
carditis is high (87.5% and 96.2%) (16, 97).

The study by Yang I. and colleagues, which was per-
formed in patients with GCM, showed late gadolinium
accumulation (LGE) in both ventricles, multilayer LGE
was frequent, and most involved areas were the RV side
of the septum, subepicardial LV, the anterior wall, and
subendocardial RV wall. (98, 99). The largest number of
patients with GCM present with multiple patchy areas of
transmural LGE in addition to diffusive subendocardi-
al LGE. In the study by Li JH and associates, CMR was
compared in patients with GCM and lymphocytic AM.
Subendocardial and transmural LGE characteristic of
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GCM while LGE was predominantly subepicardial or
missing in lymphocytic myocarditis ([86%] vs [38%]; P
=0.04) (99). Similar findings were shown by I Péyhonen
P and colleagues (100). These authors also compared the
results of CMR in patients suffering from GCM and car-
diac sarcoidosis and indicated a great difference in the
results of CMR in these two groups of patients.

In a large number of patients, GCM is accompanied
by severe general condition with the development of the
fulminant form of the disease, and often CMR cannot be
performed, so EMB is used as the basic diagnostic tool.

Endomyocardial biopsy

Endomyocardial biopsy is indicated in patients with sus-
pected AM, especially those with acute HF, cardiogenic
shock, left ventricular dysfunction, refractory ventric-
ular arrhythmia, or conduction system disorders (30).
The diagnostic value of endomyocardial biopsy in acute
myocarditis is maintained within 2-4 weeks upon the
onset (2, 3). Specifically, in case of GCM, within 2-4
weeks upon the onset, the diagnostic sensitivity is 80%,

Clinical picture
Acule HF
1y ic instability (hyp imicardiogenic shock)
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Swdden death
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!
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Figure 1. Fulminant myocarditis: clinical picture, diagnosis, treat-
ment and prognosis

and the positive predictive value is 71% (101). Kandolina
R and colleagues showed that with repeated EMB, sen-
sitivity increased to as much as 93% for establishing the
correct diagnosis (78). Of course, in such cases, the risk
of periprocedural complications also increases. For the

diagnosis of cardiac sarcoidosis, the sensitivity of EMB is
only about 30% (102). Liang ] and colleagues showed that
electrogram-guided EMB targeting sites with abnormal
or low-amplitude electrograms may increase a diagnostic
yield for detecting abnormal pathological findings. The
risk of cardiac perforation (0.2%) and vascular (1.2%) or
embolic (0.4%) complications from catheter manipula-
tion during electrophysiological studies is low (103, 104)
(Figure 1.)

Treating patients with GCM

Given that a large number of patients with GCM present
with severe weakness, it is important to use all the drugs
recommended in the ESC guidelines for treating heart
failure in these patients. Furthermore, in patients with
the fulminant form of the disease and the development
of cardiogenic shock, it is necessary to apply inotropic
and vasopressor support as soon as possible. The admin-
istration of inotropic stimulation should not last long, it
was shown that long-term use of large doses of noradren-
aline dramatically increased in-hospital mortality in pa-
tients with myocarditis (105). In most severe cases, the
application of mechanical circulatory support is advised.
Mechanical circulatory support can be used regardless of
initiation of immunosuppressive therapy. Different MCS
devices (veno-arterial extracorporeal membrane oxygen-
ation (V-A ECMO); intra-aortic balloon pumps (IABPs);
percutaneous ventricular assist devices TandemHeart;
ProtekDuo; Impella microaxial flow catheters) are effec-
tive for temporary hemodynamic stabilization and can
serve as a bridge-to-transplant in patients with fulminant
myocarditis (91). The study by Li S et al. showed that ear-
lier introduction of IABP provided effective circulatory
support for fulminant myocarditis patients in shock. In
addition, the application of IABP also decreased the rate
of in-hospital deaths. Moreover, within the same study
it was shown that the combination of IABP and ECMO
provided enough circulation support. All patients re-
covered after 3-5 days of support (105). And many oth-
er studies have shown that the combined application of
mechanical circulatory support methods (V-A ECMO
with TABP, EC-IVAC or LV impeller) was safer and more
effective than the application of ECMO alone in patients
with fulminant myocarditis (106, 107).

Patients with myocarditis have a high risk of heart
rhythm disturbances and conduction regardless of the
height of LVEF, and their treatment should be in ac-
cordance with the leading recommendations for the
treatment of arrhythmias (108, 109). It is important to
note that many patients with GCM are resistant to the
use of high doses of antiarrhythmics. In these patients,
sometimes temporary pacing may also be effective for
suppressing an electrical storm (3). The occurrence of
recurrent malignant heart rhythm disorders (ventric-
ular tachycardia/ventricular fibrillation) may require
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antiarrhythmic medications such as amiodarone and/or
implantation of a cardioverter defibrillator for second-
ary prevention if meaningful survival >1 year is expected
(71). Cardiac device implantation for the management of
ventricular arrhythmias should be evaluated after resolv-
ing reversible acute myocarditis, generally 3—6 months
after the initiation of the acute phase (91). In patients with
GCM, given the high rate of the occurrence of ventricular
rhythm disorders, even during disease regression, place-
ment of an implantable cardiac defibrillator (ICD) is gen-
erally reccommended in all patients including those with
full recovery of LVEF (2).

Nowadays, combined immunosuppressive therapy is
inevitably used in patients with GCM. The combined ad-
ministration of 1 or 2 immunosuppressants with steroids
is usually used. A prospective multicenter study investi-
gated the use of immunosuppressive therapy in patients
with acute endomyocardial biopsy-proven GCM. The
results of serial endomyocardial biopsies showed that 4
weeks upon the start of the treatment, the degree of ne-
crosis and cellular inflammation decreased (p = 0.001)
(24). The results of a meta-analysis conducted on 1534
patients with acute GCM showed that intravenous ad-
ministration of immunoglobulin significantly reduced
in-hospital mortality (OR: 0.44, 95% CI 0.17 to 0.71, P
< 0.001) and improved LVEF (OR: 1.73,95% CI 1.34 to
2.13, P < 0.001) (110). Discontinuation of immunosup-
pressive therapy was correlated with fatal recurrence of
GCM. It is recommended to use the steroid Methylpred-
nisone (10 mg/ kg/day) for 3 days in the acute fulminant
phase of GCM with continuation of chronic administra-
tion of Prednisolone (1.0 mg/kg/day with dose titration
to about S mg/day) for a year. The use of cyclosporine
and tacrolimus is also recommended. Alternative regi-
mens may include high-dose corticosteroids along with
cyclosporine and azathioprine (1.5 to 2 mg/kg/day) (71).
Azathioprine is a purinergic antagonist that is used in
combination with calcineurin inhibitors like Tacrolimus.
In previous studies, a 3-drug combination of steroids, cy-
closporin, and azathioprine was used (111). The duration
of immunosuppressive therapy must be well considered
due to a possible recurrence of the disease even after 8
years upon the diagnosis of GCM.

Prognosis of the disease

The results of the study by Ammirati E. and colleagues
showed that fulminant presentation of diseases, giant-cell
histology, QRS interval >120 ms on electrocardiography,
the presence of cardiac arrest and advanced atrioven-
tricular block were significantly associated with a poor

outcome in patients with AM within 60 days of place-
ment disease diagnoses (31). Histological subtype of the
disease (especially GCM type compared to lymphocytic
and eosinophilic type) is the main independent predictor
of poor outcome in patients with fulminant myocarditis
both in the period up to 60 days of follow-up and after 3
years of follow-up (overall log-rank p < 0.0001) (31). The
use of immunosuppressive therapy prolongs the survival
of patients with GCM. In patients with GCM, the need
for a heart transplant is more common, and disease recur-
rence occurs in 20% to 25% of patients after heart trans-
plantation (112). The results of the study by Kandolin
R. and associates showed that about 52% of patients sur-
vived in the five-year follow-up period from the moment
of GCM diagnosis (79). However, with more frequent
application of heart transplantation, the cumulative sur-
vival rate of GCM patients has been prolonged, so after 1,
Sand 10 years it is 94%, 82%, and 68%, respectively (113).

CONCLUSION

Giant cell myocarditis is one of the most severe forms of
myocarditis, often accompanied by a fulminant course
of the disease. In patients with the development of acute
heart failure accompanied by hemodynamic instability
and frequent occurrence of malignant arrhythmias that
are poorly controlled by modern antiarrhythmic drugs,
this disease should always be suspected. The majority of
patients are diagnosed with EMB, which is the gold diag-
nostic standard when it comes to this disease. A correct
and rapid diagnosis in patients with GCM is extremely
important in order to administer an adequate drug thera-
py regimen (modern heart failure therapy, inotropic stim-
ulation, immunosuppressive therapy) to the combined
application of various types of mechanical circulatory
support and an early decision for heart transplantation.
Considering a constant topicality of this topic, the high
rate of disease recurrence and high early and long-term
mortality, this paper should help doctors in daily clinical
practice both with a faster diagnosis and with the ade-
quate selection of therapy, with the aim of reducing the
mortality rate in patients with GCM.
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Sazetak

Gigantocelularni miokarditis predstavlja retko ali izrazito
tesko oboljenje sa ¢estom potrebom za transplantaci-
jom srca i visokom stopom mortaliteta. | do danasnjeg
dana najcesdi razlog pojave ovog oboljenja nije precizno
odredjen, ali njegova ¢esta udruzenost sa autoimunim
bolestima govori u prilog autoimune etiologije. Klinic-
ki se prezentuje u najvecoj meri simptomima i znacima
akutnog sr¢anog popustanja i ventrikularnim poreme-
¢ajima ritma koji se registruju kod cak polovine obolelih.
Aritmije mogu biti pracene pojavom palpitacija, pona-
vljanim sinkopama painaprasnom srcanom smrcéu. Tezak
stepen akutne src¢ane insuficijencije kod hemodinamski
nestabilnih bolesnika koji neadekvatno reaguju na pri-
menjenu terapiju za src¢anu insuficijenciju i refraktorni
poremecaji sréanog ritma i/ili poremecaji u sprovodenju
koji su €esti u ovih bolesnika uvek treba da pobude sum-
nju da se radi o gigantocelularnom miokarditisu. S obzi-
rom na to da promene u elektrokardiogramu i ehokardi-

ografiji kao i pozitivne vrednosti biomarkera nisu strogo
specifi¢ni za ovo oboljenje dijagnoza gigantocelularnog
miokarditisa se najceS¢e postavlja endomiokardnom
biopsijom, narocito kod bolesnika sa fulminantnom
formom bolesti. Pravovremena endomiokardna biopsi-
ja omogucava ne samo brzo i precizno postavljanje di-
jagnoze, vec i ranu primenu imunosupresivne terapije
koja u mnogome poboljsava ishod kod ovih bolesnika.
Patohistoloska verifikacija ovog oboljenja vazna je u cilju
iskljucivanja kardijalne sarkoidoze i drugih granuloma-
toznih infektivnih i neinfektivnih oboljenja. S obzirom
da veliki broj bolesnika ima fulminantan tok bolesti, rana
i brza dijagnostika, primena inotropne stimulacije i me-
hanicke cirkulatorne potpore kod hemodinamski nesta-
bilnih bolesnika, adekvatan moderan terapijski rezim u
mnogome mogu smanjiti mortalitet kod ovih bolesnika
koji je i dalje visok uprkos dijagnostickom i terapijskom
napretku savremene medicine.

Kljuc¢ne reci: fulminantni miokarditis, akutna srcana insuficijencija, hemodinamska nestabilnost, endomiokardna

biopsija, mortalitet
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