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Infectious-immune pericarditis: clinical assessment, diagnostics,
and differentiated baseline therapy with hydroxychloroquine

Blagova O.V., Sorokin G. Yu., Sedov V.P., Kogan E. A., Sarkisova N.D., Nedostup A.V.

Aim. To study the clinical spectrum of infectious-immune
pericarditis, the potential for their invasive and non-invasive
diagnosis, as well as long-term treatment with hydroxychlo-
roquine (in comparison with other baseline therapy options).
Material and methods. The study included 44 patients with
infectious-immune pericarditis (28 women and 16 men aged
49,4+13,3 years). Patients with transudate and specific types
of pericarditis were excluded. Levels of C-reactive protein
and anticardiac antibodies were determined Multislice
computed tomography of the lung (n=23) and heart (n=16),
cardiac magnetic resistance tomography (n=9), scintigra-
phy (n=14), and if necessary — immunoelectrophoresis,
DNA testing, Diaskin-test. Pericardio- and thoracentesis
were performed in 3/3 patients, thoracoscopic pericardial
biopsy — 1, endomyocardial biopsy — 7. The follow-up
period was 14,5 [3; 39,5] months.

Results. Isolated pericarditis was diagnosed in 10 patients
(22,7%), myopericarditis — in 34 (77,3%). In 38 patients,
pericarditis was exudative: in 24 (63,2%) with a small effu-
sion (<10 mm), in 10 (26,3%) — with a moderate (11-20
mm), in 4 (10,5%) — with a large (>20 mm). Fibrin was
detected in 18,2% of patients. Pericardial effusion was
assessed as acute in 4, subacute — in 8, chronic — in 26
patients. The connection between the disease onset and
infection was found in 56,8% of patents, and inflamma-
tory blood changes — in 59,1%. In 80%, the punctate was
lymphocytic; endomyocardial biopsy confirmed active/
borderline (5/2) lymphocytic myocarditis (virus-positive —
in 3 patients). Anticardiac antibody titers were increased in
88,2%. Baseline therapy included NSAIDs (34,1%), colchi-
cine (27,3%), hydroxychloroquine (43,2%), methylpredniso-
lone (56,8%, 16 [16; 21] mg/day), azathioprine (20,5%). The
treatment scheme was selected individually. In most cases,
combined therapy was carried out. The results of treatment

were assessed in 36 patients: an excellent effect was noted
in 16 (44,4%) patients, stable effect — in 13 (36,1%), no
stable effect — in 7 (19,4%). There were no cases of con-
strictive pericarditis, acute relapses, cardiac tamponade.
Mortality of 6,8% was associated with myocardial injury.
Conclusion. Criteria for the diagnosis of infectious-immune
pericarditis were proposed. An increase in the titer of anti-
cardiac antibodies was noted in all types of the disease. Pre-
scription of corticosteroids is justified in many cases, includ-
ing in combination with colchicine, cytostatics, hydroxychlo-
roquine. Hydroxychloroquine monotherapy is effective for
subacute/chronic pericarditis with moderate effusion.

Key words: infectious-immune pericarditis, myocarditis,
anticardiac antibodies, endomyocardial biopsy, corticoste-
roids, hydroxychloroquine.
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Pericarditis is a very heterogeneous group of
diseases, the differential diagnosis of which is very
difficult and does not always lead to a definite result.
Difficulties begin already at the differentiation of
exudate from transudate. Some pericarditis occurs
without effusion (dry, constrictive) and can mimic
myocardial infarction, restrictive cardiomyopathy,
liver cirrhosis and other diseases. But the most diffi-
cult are the search for the etiology of effusive pericar-
ditis and the determination of the optimal treatment
strategy. According to the 2015 ESC Guidelines
for the diagnosis and management of pericardial
diseases, in about half of cases, the etiology of peri-
carditis cannot be established [1]. At the same time,
the ideologist of previous guidelines Maisch B from
Marburg considers this percentage to be unjustifi-
ably high and refers to his own unique experience in
pericardioscopy and pericardial biopsy, which make
it possible to establish diagnosis and carry out proper
treatment in almost 100% of cases [2]. According to
European experts and Maisch B and Ristic A group,
the proportion of the established etiological factors
are very close (bacteria, cancer, etc.), while 50% of
European “idiopathic” types correspond to 12% of
viral and 35% of the so-called autoreactive (lympho-
cytic) pericarditis [3].

Obviously, in both cases the issue is the most
numerous groups of pericarditis, but without peri-
cardial biopsy, pericardioscopy and even pericardio-
centesis, cases of viral and lymphocytic pericarditis
remain undiagnosed and considers as idiopathic. It
seems to us justified to call this group “infectious-
immune pericarditis”, since even in the absence of
a viral genome, it is highly probable that the starting
role of infection in the development of autoreactive
(lymphocytic) pericarditis can be assumed.

Therefore, a special study of infectious-immune
pericarditis seems relevant, the results of which are
presented in this work.

The aim was to study the infectious-immune
pericarditis, potential of its invasive and non-inva-
sive diagnosis, as well as long-term hydroxychloro-
quine therapy in comparison with other approaches.

Material and methods

Study sample. The study included 44 patients
with infectious-immune pericarditis from 20 to 69
years (mean age, 49,4%+13,3 years; 28 women and
16 men (53,2%£10,3 and 42,91+15,4 years, respec-
tively, p<0,05)). Inclusion criteria were the presence
of inflammatory pericardial effusion or diagnostic
criteria for dry pericarditis, as well as additional
original criteria for infectious-immune pericarditis
(see the Results section) with any disease dura-
tion. Patients with postpericardiotomy syndrome,
purulent, tuberculous, post-traumatic pericarditis,

cancer-related pericarditis (including after radiation
and chemotherapy), systemic connective tissue dis-
eases, vasculitis, amyloidosis, and sarcoidosis were
excluded. The exclusion criteria were congestive
pericardial effusion and hypothyroid effusion (i.c.,
hydropericardium).

Methods. All patients underwent chest X-ray,
electrocardiography (ECG), echocardiography,
24-hour Holter monitoring, standard blood tests,
determination of CRP and fibrinogen levels. Blood
detection of cardiotropic viruses (Herpesviridae,
Parvovirus B19), anti-cardiac antibody level by
enzyme-linked immunosorbent assay, lung (n=23)
and cardiac (n=16) multislice computed tomogra-
phy (MSCT), cardiac magnetic resonance imaging
(n=9), myocardial scintigraphy (n=14), coronary
angiography (n=4). In order to rule out specific
types of pericarditis, the blood was tested for antinu-
clear factor (ANF), rheumatoid factor (RF), com-
plement, and, if necessary, anti-cyclic citrullinated
peptide, antineutrophil cytoplasmic, anti-cardiolipin
antibodies, extractable nuclear antigens. Blood and
urine immunoelectrophoresis with determination of
free light chains by immunofixation, genetic testing
of the MEFV gene, Diaskin test and phthisiatrician
examination, and cancer diagnostic tests were per-
formed.

Diagnostic pericardiocentesis by a standard
approach was performed by a cardiac surgeon in 3
patients, thoracentesis — in 3 patients. In one case,
a thoracoscopic pericardial biopsy was performed, in
7 — right ventricular endomyocardial biopsy (EMB).
Van Gieson’s staining and polymerase chain reac-
tion for viral infections (Herpesviridae, Parvovirus
B19, Adenoviruses) were carried out. Three patients
underwent a biopsy of subcutaneous fat with staining
for amyloid (negative result).

Treatment and follow-up. Therapy for pericarditis
will be described in the Results section. Therapy
for heart failure and arrhythmias was carried out in
accordance with European and Russian guidelines.
Symptoms, laboratory parameters, and volume of
pericardial effusion were monitored in 36 patients.
The endpoints were the maintenance and recur-
rence of pericardial effusion, constriction and need
for pericardial surgery, and all-cause mortality. The
mean follow-up period was 14,5 [3; 39,5] months
(maximum up to 10 years).

The study was approved by the local Ethics Com-
mittee.

Statistical processing was carried out using the
SPSS Statistics 21 software. Quantitative characte-
ristics are presented as M*6 (meantone standard
deviation) or as a median with 1% and 3™ quartiles.
The distribution normality was assessed using the
Kolmogorov-Smirnov test. The significance of dif-
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ferences was assessed using the Student’s test. Differ-
ences were considered significant at p<0,05.

Results

Clinical characteristics of patients (Table 1). Dry
pericarditis (in all cases — acute or subacute) was
made to 6 patients, while in other patients, pericar-
ditis with effusion was diagnosed. In almost 2/3 of
cases the effusion was minor (<10 mm), in 1/4 —
moderate (11-20 mm) and only 1/10 — large (>20
mm). There was relatively infrequent detection of
fibrin in pericardial effusion during echocardio-
graphy. In more than 2/3 of cases, pericarditis was
chronic. General inflammatory changes in the blood
were detected in almost 60% of patients, but leuko-
cytosis — only in 6 patients; no one had leukope-
nia. In 20,5%, a relative blood lymphocytosis was
detected.

The severity of symptoms and their clear connec-
tion with the previous infection was noted in more
than half of the patients (n=25), while in 14 patients,
there was definitely no such connection; in 5 more,
it was possible. Fever was present at the disease onset
in almost 1/3 of patients; in 11 of them, the body
temperature reached 38° C. Sweat and cough were
rare.

In addition to the association between the dis-
ease onset and respiratory infection, the infectious-
immune nature of pericarditis was indicated:

1. The simultaneous presence of systemic immune
manifestations and diseases that did not meet criteria
for major immune diseases in 10 (22,7%) patients;
these included the blood detection of elevated titers
of ANF, RF, eosinophilia and an increase in eosino-
philic cationic protein levels, arthritis/arthralgia,
myasthenia, psoriasis, asthma. Signs of polyserositis
were present in 3 patients.

2. High titers of anti-cardiac antibodies, which
were detected in 88,2% of the examined patients
(Figure 1). At the same time, there was also an
increase in anti-endothelial cell and anti-conduction
system antibodies, but also in anti-cardiomyocyte
antibodies (1:160-1:320 in 8 patients), as well as
antinuclear antibodies, which is normally absent, in
57,1% of patients (1:160-1:320 in 6 patients).

3. Clinical signs of myocardial involvement in the
inflammatory process, which could be presented by
arrhythmias, heart failure (HF) symptoms, as well as
asymptomatic or oligosymptomatic ECG and imag-
ing changes. In particular, HF was diagnosed in 21
patients (47,7%) in the absence of correlation with
effusion volume, including stage I in 6 patients, stage
IIA — in 16, stage IIB — in 7. Class 1 HF was regis-
tered in 6 patients, class 2 — in 14, and class 3 — in
9. In patients with stage I11B HF, pericardial effusion
did not correlate with pleural and peritoneal effu-

sion, did not respond to diuretic therapy, and could
not be regarded as a manifestation of HF.

According to echocardiography, left ventricular
(LV) mean end-diastolic dimension was 5,0 [4,6;
5,9] cm, LV end-diastolic volume — 98 [76; 124]
ml, LV end-systolic volume — 41 [28,5; 70,5] ml,
LV ejection fraction (EF) — 55 [41; 63]%, left atrial
(LA) diameter — 4,2+0,9 cm, LA volume — 55,5
[37,75; 85,5] ml, right atrial volume — 47,3%£18,6
ml, right ventricular dimension — 2,6%+0,7 cm, pul-
monary artery systolic pressure — 25 [20; 38] mm
Hg. At the same time, LV dilatation was noted in
14 patients, LVEF decrease (range of 45-54%) in
4 patients, while in 13 patients, LVEF was <45%.
Pulmonary hypertension was detected in 11 patients.
There were no signs of cardiac tamponade in any
case. Two patients had thickened pericardial layers
without clear criteria for constriction.

Cardiac arrhythmias were represented mainly
by ventricular premature contractions and unstable
ventricular tachycardia, supraventricular prema-
ture contractions and atrial fibrillation, as well as
atrial flutter, unstable supraventricular tachycardia
(Table 1), first-degree atrioventricular block (n=3,
11,4%). One patient each had a complete left and
right bundle branch blocks, sick sinus syndrome.
The most characteristic ECG changes were a flat-
tened or inverted T wave (n=16, 36,4%), transient
ST segment depression or elevation (n=9, 20,5%), as
well as signs of LV hypertrophy (n=8, 18,2%) and a
QRS voltage decrease (n=5, 11,4%).

According to *™Tc scintigraphy, diffuse uneven
impairment of myocardial perfusion in 6 patients
(42,9%) was noted, as well as its combination with
focal perfusion disorders in two more (14,3%).
Intramyocardial, subepicardial delayed accumula-
tion and their combination in 44,4% of MRI perfor-
mances, signs of active contrast accumulation by the
pericardium was revealed in one patient. Intramural,
subepicardial and transmural delayed contrast accu-
mulation in the myocardium according to MSCT
(43,8%). Various types of lung fibrosis were detected
in 55% of MSCT images, hilar lymphadenopathy —
only in 3 patients.

4. The results of morphological and virological
tests of the myocardium, which were obtained using
EMB in 7 patients with suspicion of myocarditis,
fully confirmed this diagnosis (Figure 2): active
(according to Dallas criteria) lymphocytic myocar-
ditis was detected in 5 cases, and borderline — in
2 cases. The viral genome in the myocardium was
detected in 3 patients (in 2 — parvovirus B19, in
1 — the Epstein-Barr virus); the Epstein-Barr virus
in the blood — in other 7 patients. The common
pathogenesis of pericarditis in virus-positive and
virus-negative patients was proved by an increase in
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Table 1

Clinical characteristics and therapy in patients with various types of infectious-immune pericarditis

Parameter All patients

n 44

Age, years 49,4+13,3
Female/male 28/16

Acute /subacute/chronic 4/12/28
Dry/effusive 6/38
Minor/moderate/large effusion 24/10/4

Mean effusion volume, ml 200 [150; 450]
Onset association with infection 25 (56,8%)

Fever on the onset 14 (31,8%)

Sweat 4 (9,1%)

Cough 1(25,0%)
Cardialgia 21 (477%)

HF 21 (477%)
PVC/unstable VT 18/5 (40,9/11,4%)
PSVC/SVT 14/9 (31,8/20,5%)
AF/AFL 10/6 (22,7/13,6%)
General inflammatory abnormalities 26 (59,1%)
Systemic immune manifestations 10 (22,7%)

Isolated pericarditis

Myoperi-/perimyocarditis

10 34
54.1+14.7 4794127
5/5 23/11
2/3/5 2/9/23
2/8 4/30
3/3/2 21/7/2
375 [200; 875] 200 [150; 450]
5 (50%) 20 (58,8%)
6 (60%) 8 (23,5%)
3 (30%) 1(2,9%)
4 (40%) 7 (20,6%)
5 (50%) 16 (471%)
7 (70%) 14 (41,2%)
2/1(20/10%) 16/4 (471/11,8%)
2/2 (20/20%) 12/7 (35,3/20,6%)
2/1(20/10%) 8/5 (23,5/14,7%)
10 (100%) 18 (52,9%)
4 (40%) 6 (176%)

Abbreviations: HF — heart failure, PVC — premature ventricular contractions, VT — ventricular tachycardia, PSVC — premature
supraventricular contractions, SVT — supraventricular tachycardia, AF — atrial fibrillation, AFL — atrial flutter.

8-
6
4 #
*
2_ ﬁ *
*
0
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Figure 1. Concentration of various anticardiac antibodies in patients with infectious-immune pericarditis.
Note: ordinate is the level of titer increase (relative to the normal range).
Abbreviations: ANF — antinuclear factor, Ab — antibodies, Ag — antigens.

titers anticardiac antibodies and the simultaneous
presence of myocarditis.

5. The results of a cytological examination of
pericardial/pleural effusions, which were performed
in patients with a sufficient fluid volume. In addi-

tion to confirming the inflammatory effusion nature
(exudate in all cases), showed a significant (from 80
to 97%) prevalence of lymphocytes in 80% of tests.
The viral genome was never detected. Due to the
small number of examinations, the level of anticar-
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diac antibodies in pericardial effusion was not ana-
lyzed.

6. The results of a pericardial biopsy, which was
performed in a single case and showed a picture of
active eukocytoclastic vasculitis (Figure 3).

Clinical types of infectious-immune pericardi-
tis. Two main clinical types that were observed in
patients of this group can be distinguished.

1. Isolated infectious-immune pericarditis. This
type was diagnosed in a minority of patients (n=10,
22,7%). It was distinguished by acuity (in 70%),
pronounced general inflammatory manifestations in
all patients, as well as a significant volume of peri-
cardial effusion (on average 375 [200; 875] ml, up to
1000 ml, with the exception of two cases of acute dry
pericarditis), the presence of fibrin and resistance to
treatment (which in half of the patients required the
appointment of corticosteroids, see below). Fever
was noted in 6 patients (>38° C). In 40% of cases,
there were some systemic immune manifestations,
including polyserositis (n=3).

Despite the absence of obvious signs of myocar-
dial injury, a normal status of anticardiac antibod-
ies was noted in only one patient, while in other
cases, their increase was revealed (including ANF
in 3 patients). The viral genome in the blood was
not detected. An example is a 64-year-old, male
patient (Figure 4), an Armenian, with an acute dis-
ease onset (fever >39° C), pericardial effusion up
to 36 mm, neutrophilic leukocytosis up to 22 thou-
sand, hyperfibrinogenemia, CRP of 168 mg/l, RF
of 32 IU/ml, an increase in titers of specific ANP,
anti-endothelial cell and anti-conduction system
antibodies to 1:160, cardiolipin antibody IgM to
26,6 1U/ml. Pericardiocentesis removed 1,6 liters of
serous fluid (neutrophils, 80%; lymphocytes, 20%).
Immunoelectrophoresis revealed inflammatory dys-
proteinemia. No MEFV gene mutations in exon 10
were detected. Treatment with corticosteroids and
colchicine was effective.

2. Pericarditis with simultaneous myocardial
involvement (perimyo-/myopericarditis). This type
was diagnosed in 34 (77,3%) patients: in 10 of them
(29,4%), signs of myocarditis prevailed, in 17 (50%) —
pericarditis; in 7 (20,6%), myo- and pericarditis had
the same degree of severity. In a significant part of
the patients, the symptoms were determined by myo-
carditis, which manifested itself not only in HF with
EF decrease (44,1% of patients), arrhythmias, but
also microvascular ischemia, an infarct-like signs (Fi-
gure 3). As noted earlier, in 7 cases the diagnosis of
myocarditis was confirmed using EMB. Myocardium/
blood of three-seven patients were virus-positive.

Pericarditis was exudative in 30 (88,2%) patients,
in 2 cases was regarded as acute, in 9 as subacute
and in 23 (67,6%) as chronic, mainly with small
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Figure 2. Changes in pericardial effusion volume depending on the
type of initial therapy.

Abbreviations: GCs — glucocorticosteroids, NSAIDs — non-
steroidal anti-inflammatory drugs.

effusion volume (on average 200 [140; 450] ml),
general inflammatory blood abnormalities in 52,9%
patients, systemic immune manifestations in 17,6%,
fever at the onset in 23,5%, the absence of fibrin
according to echocardiography in 86,7% of effusion
pericarditis (Table 1). In general, it was less full-
blown than isolated infectious-immune pericarditis.

As a special type, one should probably talk about
the development of infectious-immune perimyo-
carditis in patients with primary cardiomyopa-
thies. Thus, in one patient, perimyocarditis (with
a predominance of pericarditis) developed against
the background of severe obstructive hypertrophic
cardiomyopathy, in the second — myopericarditis
against the background of noncompact cardiomyo-
pathy, and in the third — against the background of
sarcomeric cardiomyopathy (MyBPC3 gene muta-
tion). In two more patients, myopericarditis deve-
loped with arrhythmogenic right ventricular dyspla-
sia (Figure 3). Two out of five patients were virus-
positive (myocardium), which may indicate the viral
tropism to genetically defective myocardium and its
triggering role in pericarditis development.

Therapy of infectious-immune pericarditis, short-
term and long-term outcomes. Therapy is presented
in Table 2.
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Figure 3. Results of biopsy of myocardium and pericardium in patients with infectious-immune myopericarditis (with ECG).

Note: a-e — right ventricular myocardial biopsy, f — pericardial biopsy, a, d — low-power magnification, b, ¢, e, f — high-power
magnification; hematoxylin and eosin staining; dystrophy and necrosis of cardiomyocytes (a, b), interstitial (a, d, e) and perivascular
(b, ¢) lymphohistiocytic infiltration, fatty myocardial replacement in a patient with arrhythmogenic right ventricular dysplasia (d, e),
leucoclastic vasculitis (f); g — ECG during treadmill test, paper speed 25 mm/s (microvascular ischemia in a patient with vasculitis).

Antibiotic therapy was carried out mainly due to
respiratory infections that developed at the onset of
pericarditis or during treatment, much more often,
with isolated pericarditis with a full-blown onset and
general inflammatory changes. Antiviral drugs (acy-
clovir, ganciclovir) were prescribed only to virus-
positive patients with myopericarditis. The relatively
low percentage of NSAID use (mainly ibuprofen
1200-1600 mg/day for 1-2 months) is due to a small
proportion of acute types of pericarditis. Colchicine
was prescribed mainly for acute/subacute isolated
pericarditis, while in the presence of myocardi-
tis, preference was given to the immunosuppressive
therapy.

Steroids was the basis of treatment in about half of
cases of both isolated pericarditis and myopericarditis.
The mean dose was low and corresponded to the stan-
dards of treatment of pericarditis rather than myocar-
ditis. In the case of combined types, a cytostatic drug
was added to the treatment (mainly azathioprine at a
dose of 100-150 mg/day; in one case, mycophenolate
mofetil 2 g/day). The combination of steroids with
colchicine was prescribed to 6 patients, with hydroxy-
chloroquine — 7; in 12 cases, monotherapy with
hydroxychloroquine 200 mg/day was carried out. The
choice of therapy was individual and depended on the
clinical type of pericarditis, severity, effusion volume,
previous treatment experience, the presence of con-
traindications or intolerance.

The effectiveness of pericarditis treatment was
controlled primarily by changes of pericardial effu-

sion volume. In patients with concomitant myocar-
ditis, the goals of treatment were also relief of HF
and arrhythmia symptoms, restoration of myocardial
contractility (increase in EF), and improvement of
other structural and functional disorders. In addi-
tion, decrease in anticardiac antibody titers was
monitored.

The dynamics of pericardial effusion depen-
ding on the initial therapy is shown in Figure 2.
Monotherapy with antiviral drugs was used in
few patients and did not have a clear response in
relation to effusion. With initially small-volume
effusions, which differed in a chronic course and
were not prone to spontaneous disappearance,
hydroxychloroquine (Plaquenil) had a positive
effect. At the same time, effusions >1 cm often
required more aggressive therapy — not colchi-
cine (used as monotherapy in isolated cases),
but rather corticosteroids. In a significant part
of patients, they were used in combination with
cytostatic agents, which was due to the presence of
clinically significant myocarditis.

In general, differentiated selection with a change
in therapy made it possible to achieve good control
of pericarditis in most patients. All cases of dry peri-
carditis resulted in complete resolution of symptoms
without effusion formation. In 36 patients, an excel-
lent effect (no effusion, relapses and constriction)
was noted in 16 (44,4%), a stable effect (preserva-
tion of a small effusion, no congestive HF) — in
13 (36,1%). Absence of stable effect (presence or
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Table 2

Characteristics of therapy for infectious-immune pericarditis

Parameter All patients
n 44
Antibiotic therapy 12 (27,3%)
Antiviral therapy 11 (25,0%)
NSAIDs 15 (34,1%)
Colchicine 12 (27,3%)
Hydroxychloroquine 19 (43,2%)
Corticosteroids 25 (56,8%)
Mean dose of methylprednisolone, mg/day 16 [16; 21]
Azathioprine 9 (20,5%)
Mycophenolate mofetil 1(2,3%)
B-blockers 31(70,5%)
ACE inhibitors 23 (52,3%)
Mineralocorticoid receptor blockers 17 (38,6%)

Isolated pericarditis Myoperi-/perimyocarditis

10 34
6 (60%) 6 (17,6%)

- 11 (32,4%)
6 (60%) 9 (20,5%)
7 (70%) 5 (14,7%)
3 (30%) 16 (471%)
5 (50%) 20 (58,8%)
16 [14; 20] 16 [16; 22]
- 9 (26,5%)
- 1(2,9%)

9 (90%) 22 (64,7%)
6 (60%) 17 (50,0%)
2 (20%) 15 (44,1%)

Abbreviations: ACE — angiotensin-converting enzyme, NSAIDs — non-steroidal anti-inflammatory drugs.

increase in effusion, HF) — in 7 (19,4%). There were
no cases of constrictive pericarditis, and acute recur-
rence. The frequency of different types of response
to treatment in general and depending on the clinical
type is shown in Figure 5.

Three patients died during the follow-up period.
In all cases, this was caused by myocardial injury
with severe HF and its complications: two patients
with hypertrophic cardiomyopathy died in the early
postoperative period from multiple organ failure.
A third one had a stroke as the cause of death.

Criteria for infectious immune pericarditis. At the
end of our analysis, we formulated criteria to dia-
gnose infectious-immune pericarditis mainly by
non-invasive methods and prescribe therapy:

1. No prior cancer, tuberculosis, sarcoidosis,
amyloidosis, systemic connective tissue diseases and
vasculitis.

2. No history of radiation therapy, chemotherapy
and any cardiac surgery less than six months old.

3. The relationship of disease onset with the
previous infection (URTI, bronchitis, pneumonia,
tonsillitis, etc.).

4. Concomitant myocarditis (including con-
firmed by EMB).

5. Three-four times increased titers of anticardiac
antibodies in the blood (and, possibly, pericardial
fluid).

6. Predominantly lymphocytic pericardial/pleural
effusion.

7. Presence of the viral genome in the pericardial/
pleural fluid/myocardium.

8. Small (up to 1 cm) or moderate (1-2 cm) vo-
lume of pericardial effusion.

9. Favorable course (without tamponade and
constriction).

10. Positive effect of NSAID/colchicine/hydroxy-
chloroquine/corticosteroid therapy during the first
3-6 months.

Discussion

One of the main aims of this study was to move
away from the concept of idiopathic pericarditis.
According to the Brucato A and Imazio M, up to
50-80% of patients with acute pericarditis remain
without a definite diagnosis [5]. As these authors
rightly point out, this is only due to lack of informa-
tion. However, the first reason for the unjustifiably
high proportion of idiopathic pericarditis is still
underdiagnosis of tuberculosis, systemic diseases,
cancer and other known causes of the disease.

Our experience shows that intensive diagnos-
tics, including the repeated pericardiocentesis and
invasive biopsy, is necessary in all cases of unclear
pericarditis and gives results [6, 7]. It is interesting
and quite natural that one of the few works on the
diagnostic value of pericardioscopy and thoraco-
scopic biopsy of the pericardium in Russia was car-
ried in tuberculosis institution, where it made it pos-
sible to diagnose tuberculous pericarditis in 44,4%
of patients [8]. The present study included only
those patients who had already undergone the ne-
cessary additional examination aimed at ruling out
all known causes of pericarditis, and none of these
causes was found.

As far as we know, the term “infectious-immune
pericarditis” was not previously used, but there is
nothing fundamentally novel. In the monograph
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Figure 4. Diagnostic data on a patient with isolated infectious-immune pericarditis.

by Gogin RR (1979) the concepts of “infectious-
allergic pericarditis”, “acute benign or idiopathic
pericarditis”, “allergic pericarditis” were used [9].
The author discusses primarily the viral and allergic
nature of acute benign pericarditis. The unifying fea-
tures of this type include the absence of a microbial
pathogen, a favorable outcome and a tendency to
recurrence.

At present, two leading groups of European
researchers offer similar, in our opinion, terms and
consider idiopathic pericarditis in a similar way. The
first group of authors (Maisch B and Ristic A, et al.)
relies on their own unique experience of morpholo-
gical and molecular diagnostics, which allows them,
firstly, to distinguish a group of viral pericarditis
and, secondly, to diagnose autoreactive (lympho-
cytic) viral-negative pericarditis [3]. The autoim-
mune nature of the latter is confirmed by the authors
by detecting not only CD45-positive lymphocytes in
the pericardium, but also anticardiac antibodies in
the blood and pericardial fluid.

The second group of authors (Brucato A and
Imazio M, et al.), without denying the role of viruses
and even suggesting to term “presumed viral peri-
carditis”, develops an interesting concept of “idio-
pathic” pericarditis as an autoinflammatory disease
due to innate immune response [5]. Typical for auto-
inflammation is a recurrence, the onset in child-
hood, an acute inflammatory response with a high
CRP level and subsequent regression of symptoms

[10]. The key mediator of this response is interleu-
kin-1, and the efficacy of anakinra in some patients
with resistant pericarditis undoubtedly confirms the
role of autoinflammation [11], as well as the proven
anti-recurrent effect of colchicine, which modulates
the innate immune response [4]. This concept is also
supported by Russian authors [12].

Our data show that both concepts are true.
Undoubtedly, isolated pericarditis with a supposed
autoinflammatory nature is the most full-blown
representative of this group of pericarditis. How-
ever, not all cases of infectious-immune pericarditis
fit into this concept. It seems that the presence of
concomitant myocarditis is a very clear indicator of
a chronic autoimmune process, where viruses can
be a trigger. Therefore, the algorithm proposed by
Maisch B for the verification of myopericarditis with
small effusion using EMB [3] looks very attractive,
as we have seen from our own experience.

Concomitant detection of anticardiac antibodies
in blood and pericardium makes it possible to use
their determination in blood as a diagnostic marker
of infectious-immune pericarditis. An increase in
the titer of anticardiac anti-intercalated disk anti-
bodies has already been shown in 67,5% of patients
with recurrent pericarditis [13]. The results of our
work indicate that the titers of antibodies to various
cardiac structures were equally increased in patients
with both isolated pericarditis and myopericarditis.
This fact, as well as the association between the dis-
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ease onset and prior respiratory infection in more
than half of the patients, proves the common patho-
genesis and the rationale of the concept of “infec-
tious-immune pericarditis”.

It also follows from our study that not all cases
of infectious-immune pericarditis require therapy
not only with anti-interleukin drugs, but also with
colchicine. In most cases, more traditional treat-
ment for immune diseases have been effective. First
of all, this concerns chronic pericardial effusion, in
which the effectiveness of colchicine (and, more-
over, NSAIDs) has not been studied at all. The
idea of the effect of colchicine on viral pericarditis
remains controversial: after the catastrophic result
of the experiment on mice with the treatment of
Coxsackie-viral myocarditis (on the 3™ day of treat-
ment, 50% of the mice died [14]), an opinion was
expressed about too high doses used; the Tschope C
group showed that colchicine improves the course of
Coxsackie-viral myocarditis in mice by reducing the
activity of inflammasomes [15]. In general, the pre-
sence of viruses in pericarditis is not given so much
importance as in myocarditis.

On the other hand, there is evidence of greater
efficacy of low doses of corticosteroids (0,2-0,5
mg/kg of prednisolone) in comparison with the stan-
dard for the treatment of myocarditis (1 mg/kg) [16].
The authors established long-term (86,7%) anti-
relapse efficacy of intrapericardial administration of
triamcinolone (300 mg per 1 m’ of body surface) for
autoreactive pericarditis [3]. High efficacy of steroids
in combination with azathioprine or mycophenolate
mofetil in the treatment of idiopathic recurrent peri-
carditis has been shown [17]. We successfully used
these regimens in patients with myopericarditis and
achieved almost complete suppression of effusion
(Figure 2), while in isolated pericarditis, the combi-
nation of corticosteroids with colchicine had the best
effect. A similar regimen has been successfully used
by other authors, who noted the insufficient effect of
first-line drugs (NSAIDs and colchicine) in 62% of
276 patients [18].

Finally, the results of hydroxychloroquine use
in our study deserve a separate analysis. We are not
aware of special studies of this kind; there are only
reports of its use for pericarditis in the framework
of systemic diseases and rheumatism [19]. We have
successfully used it to control pericardial effusion
both in addition to maintenance doses of cortico-
steroids, and as monotherapy, at a minimum dose
(200 mg/day). To date, hydroxychloroquine is used
in patients with minor subacute and chronic effu-
sions, which we attributed mainly to a slow onset of
the effect. However, in the light of recent data on the
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(n=36)

Myopericarditis
(n=29)

13; 45%

13: 36% 11;38%
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Figure 5. Results of treatment of infectious-immune pericarditis.

effectiveness of higher doses of hydroxychloroquine
(800 mg/day with a switch to 400 mg/day) and its
combinations with steroids and antiviral drugs in
Coronavirus disease 2019, including leading to active
myocarditis [20, 21], it is of particular interest to
study its effectiveness in more acute and aggressive
pericarditis types.

Conclusion

The concept of “infectious-immune pericarditis”
and its clinical criteria were proposed. There are two
main types of infectious-immune pericarditis (iso-
lated pericarditis and myoperi-/perimyocarditis). It
is analogous to autoreactive, lymphocytic pericardi-
tis and underlies most cases of idiopathic pericarditis.
Isolated pericarditis is more severe and characterize
by more effusion. With myopericarditis, symptoms
caused by myocardial injury may come to the fore.
An increase in the titer of anticardiac antibodies is
observed in all types of infectious-immune pericar-
ditis and is a good marker of disease activity. Due
to the relatively small volume of effusion, in most
cases, pericardiocentesis is not possible and is not
necessary for the diagnosis and choice of treatment.
Anti-inflammatory/immunosuppressive therapy is
determined by the severity, the volume of effusion,
presence of concomitant myocardial injury, and the
experience of previous treatment. The appointment
of corticosteroids is justified in many cases of infec-
tious-immune pericarditis, including in combination
with colchicine in isolated pericarditis with signifi-
cant effusion, with cytostatics — in myocarditis. The
combination of steroids with hydroxychloroquine
can be used for any option. Long-term monotherapy
with hydroxychloroquine is quite effective in sub-
acute/chronic pericarditis with moderate effusion.
Further study of its effectiveness is necessary.

Relationships and Activities: none.
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Cardiomyopathies: echocardiographic profiles based on principal component

factor analysis in men and women

Vardugina N.G., Medvedenko I.V.%, Efimova N. M.?

Aim. To determine echocardiographic profiles and their
prognostic value using factor analysis in men and women
with various types of cardiomyopathies (CMP).

Material and methods. The study involved 100 people
with CMP — 69 men with a median age of 53 years and 31
women with a median age of 58 years. Among the subjects,
six nosological types corresponding to ICD 10 classification
were revealed: dilated CMP (DCM), ischemic CMP (ICM),
alcoholic CMP, mixed CMP, hypertrophic CMP (HCM) and
myocarditis. All persons underwent an echocardiography.
Echocardiography results as variables were included in fac-
tor analysis. The resulting two factors are presented as the
first and second echocardiographic profiles.

Results. The first echocardiographic profile was charac-
terized as the degree of myocardial contractile function
reduction. A strong association of the first profile with DCM,
alcoholic CMP and myocarditis in men (p=0,001) and DCM
in women (p=0,05) was obtained. In some individuals with
ICM and mixed CMP, there was no association with the first
profile. The second echocardiographic profile reflected the
degree of myocardial mass increase and had significant dif-
ferences only in women (p=0,04). A strong correlation with
the second profile was observed in HCM, in the majority
of women with ICM and in some persons with mixed CMP.
Fatal outcomes in men were recorded in patients with ICM
(66,7%), alcoholic CMP and myocarditis, and in women with
mixed CMP (11,1%).

Conclusion. For patients with DCM, myocarditis, and alco-
holic CMP, the first echocardiographic profile with a risk
of death is characteristic. The second echocardiographic
profile was inherent in HCM and was associated with a pro-
tective effect in women with ICM. The revealed echocardio-
graphic profiles can be extrapolated to nosological types of
CMP in men and women in order to verify the diagnosis and
prognosis.

Key words: cardiomyopathies, echocardiography, factor
analysis, sex differences.
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Cardiomyopathies (CMP) are a large group of
non-coronary myocardial diseases with various etio-
logical and pathogenetic mechanisms. CMPs are
widespread and often lead to heart failure, arrhyth-
mias and sudden cardiac death [1, 2]. Recent inter-
national studies show that CMPs in men and women
have different prevalence and frequency of compli-
cations [3-7]. This is due to the influence of sex on
cardiac metabolism, different signaling pathways
and gene expression [8]. Currently, verification of
certain CMP types is possible only with molecular
genetics and cellular testing, myocardial biopsy and
modern visualization methods (magnetic resonance
imaging, computed tomography and cardiac posi-
tron emission tomography), of which transthoracic
echocardiography remains the leading technique
in the diagnosis of CMPs. In order to obtain the
qualitative characteristics of echocardiography in the
differential diagnosis of CMPs, we used the factor
analysis separately in men and women.

The aim was to determine echocardiographic
profiles and their prognostic value using factor ana-
lysis in men and women with various types of cardio-
myopathies.

Material and methods

We performed a retrospective analysis of medi-
cal records of 123 patients with CMP discharged
from the hospital during 2018. According to the
International Classification of Diseases 10th Revi-
sion (ICD-10), a total of 6 CMP types were regis-
tered: dilated CMP (DCM) (142.0), ischemic CMP
(ICM) (I25.5), alcoholic CMP (142.6), mixed
CMP (143.1-43.8; 142.7-42.9), hypertrophic CMP
(HCM) (142.1-42.2) and myocarditis (140.0-40.9).

After hospitalization and examination, 111 patients
were discharged with CMP, while 12 patients died.
Of the 123 registered CMP cases, 100 medical
records were available for analysis, of which 8 were
lethal cases. There were 69 men with a mean age
of 52,7%12,8 years and 31 women with a mean age
of 58,6%+14,7 years. Data on coronary angiography
were available in 35 people out of 100 (35,0%). In
all cases, no coronary artery stenosis was detected.
Autopsy data were available in 6 of 8 deceased
patients with CMP.

All patients underwent standard echocardiogra-
phy. The following echocardiographic parameters
were taken into account: ejection fraction (EF), left
ventricular (LV) end diastolic dimension (EDD),
LV end systolic dimension (ESD), LV end diastolic
volume (EDV), LV end systolic volume (ESV), right
ventricle dimension, interventricular septal thick-
ness, LV posterior wall thickness, LV relative wall
thickness, left atrial transverse diameter, right atrial
transverse diameter, post-systolic shortening, pul-
monary artery systolic pressure, LV mass index,
presence of hypokinetic regions, and pericardial
effusion.

Statistical analysis was carried out using the SPSS
17.0. Comparison of mean values was carried out
according to Student’s t-test. Differences were con-
sidered significant at p<0,05. The arithmetic mean
was presented as M£SD, where M is the mean and
SD is the standard deviation. The varimax rotated
two-factor analysis was carried out. The obtained
factor values for each case of CMP were ranged into
4 groups of percentiles depending on the trait t for
men and women. The analysis of contingency table
was carried out using the chi-squared test.

Table 1
Prevalence of different CMPs in men and women
CMP types Total
DCM ICM Alcoholic CMP  Myocarditis Mixed CMP HCM
Men n 21 6 5 12 24 1 69
% 30,4 8,7 72 174 34,8 14 100,0
% CMP 913 46,2 100,0 85,7% 571 8818 69,0
Women n 2 7 0 2 18 2 31
% 6,5 22,6 0,0 6,5 58,1 6,5 100,0
% CMP 87 53,8 0,0 14,3 429 66,7 31,0
Total N 23 13 5 14 42 3 100
% 23,0 13,0 5,0 14,0 42,0 3,0 100,0
%CMP  100,0 100,0 100,0 100,0 100,0 100,0  100,0
P 0,01*  0,05* >0,5 >0,5 0,03* >0,5 0,05*

Note: * — differences in the prevalence of CMP between men and women.
Abbreviations: HCM — hypertrophic cardiomyopathy, DCM — dilated cardiomyopathy, ICM — ischemic cardiomyopathy, CMP —

cardiomyopathy.
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Results

Among patients with CMP (n=100), there were
more men (n=69) (69,0%) than women (n=31)
(31,0%), which was significant (p<0,001). In men,
compared with women, DCM was significantly
more common (p=0,01), and in women, mixed
CMP (p=0,03) and ICM were more often recorded
(p=0,05). The distribution of CMP types by sex is
presented in Table 1.

The group of CMP men was younger than women
with CMP: the median age for men was 53 years,
for women — 58 years (p=0,04). By age, the old-
est among men and women were patients with ICM
(66,3%£4,0 years and 79,2+8,8 years, respectively),
while the youngest were patients with myocardi-
tis (45,9£10,6 years and 41,5%13,4 years, respec-
tively). Comparative analysis of the groups of men
(n=69) and women (n=31) revealed sex differences
in almost all parameters of echocardiography, which
coincide with other studies [9] (Table 2).

Comparative analysis of echocardiographic data
in patients with the same type of CMP between men
and women revealed that among those with DCM,
myocarditis and HCM, there were no sex differences
in any echocardiographic parameter (p>0,5), while
there were significant differences between men and
women only with ICM and mixed CMP (Table 3).

Among men (n=69), there were 6 deaths (8,7%):
4 (66,7%) patients with ICM (n=6), 1 (20,0%)
patient with alcoholic CMP (n=5) and 1 (8,3%)
patient with myocarditis (n=12). The difference in
mortality with ICM in men (n=6) compared to
women with ICM (n=7) was significant: 66,7% and
0% (p=0,009). The deceased and surviving men with
ICM did not differ in age (p>0,5) and echocardio-
graphic parameters (p>0,5).

Among women (n=31), 2 (6,5%) people with
mixed CMP died, which amounted to 11,1% in the
mixed CMP group of women (n=18). The 2 women
who died differed from the surviving women with
mixed CM by lower ejection fraction (p=0,002),
LV reduced contractility fraction (p=0,001) and the
presence of hypokinetic regions (p=0,024). There
were no differences in mortality in patients with

mixed CMP and in general between women and
men (8,7% and 6,5%) (p>0,5).

Principal factor analysis was carried out sepa-
rately for men and women. Three factors have been
identified that explain 83,7% of the total variance
of studied variables in men, of which the first factor
explained 45,9%, the second factor — 21,9% and
the third factor — 15,8% of the variance. In women,
the total variance was 80,8%, where the first factor
explained 43,1% of the total variance, the second
factor — 19,4%, and the third factor — 18,3%. Fac-

Table 2
Comparative analysis of echocardiographic data
in CMP among men and women

Parameters Men (n=69) Women (n=31) p
M+SD M=SD

EF (%) 473+14,8 53,4+12,1 0,046
LA (cm) 48+1,0 45+0,8 >0,5
RA (cm) 45+08 4,2+0,9 >0,5
RV (cm) 3,8£0,7 3,3%0,6 0,001
CF (%) 24,8+8,6 28,775 0,032
RWT 0,31£0,08 0,37£0,10 0,002
EDD (cm) 6,0+1,0 5,2+0,8 0,001
ESD (cm) 4,6%1,2 3,9%0,8 0,004
EDV (ml) 189,3+775  146,7+453 0,008
ESV (ml) 10794719  63,1£34,8 0,002
IVS (cm) 0,9+0,2 1,0£0,3 0,028
LVPW (cm) 0,9£0,1 0,9£0,2 >0,5
LVMI 125,5+452  123,9+43,6 >0,5
RVSP (mm Hg) 41,2+11,5 39,1+8,2 >0,5
Pericardial fluid (n) 3 (5,4%) 5(16,1%) 0,06
Hypokinesia (n) 31(52,5%) 9(29,0%) >0,5

Abbreviations: LVPW — left ventricular posterior wall, LVMI — left
ventricular mass index, EDV — end-diastolic volume, ESV — end-
systolic volume, EDD — end-diastolic dimension, ESD — end-
systolic dimension, LA — left atrium, IVS — interventricular septum,
RWT — relative wall thickness, RV — right ventricle, RA — right
atrium, RVSP — right ventricular systolic pressure, EF — ejection
fraction, CF — contractility fraction.

Table 3
Comparative analysis of echocardiographic data in men and women with ICM and mixed CMP

CMP type Parameters Men, M£SD Women, M+SD p
ICP RV (cm) 4,0+0,6, n=6 3,240,5, n=7 0,04

EDD (cm) 6,7+0,7, n=6 5,8+0,7, n=7 0,07
Mixed CMP RV (cm) 3,6+0,6, n=24 3,2%0,5, n=18 0,02

EDD (cm) 5,7+0,6, n=24 5,1+0,6, =18 0,01

ESV (ml) 79,8+50,6, n=24 51,4+21,5, n=18 0,04

Abbreviations: ICM — ischemic cardiomyopathy, EDD — end-diastolic dimension, CMP — cardiomyopathy, ESV — end-systolic volume,

RV — right ventricle.
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Table 4

Rotated factor matrix in men and women with CMP

Factor loadings

Variables Units Men

Factor 1 Factor 2
LA cm
RA cm
EF % -0,892
CF % -0,878
EDD cm 0,870
ESD cm 0,948
EDV ml 0,834
ESV ml 0,901
IVS cm 0,910
LVPW cm 0,936
LVMI n 0,692
Hypokinesia n 0,780

Abbreviations: LVPW — left ventricular posterior wall, LVMI — left

Women
Factor 1 Factor 3
0,872

0,953

Factor 3 Factor 2
0,801
0,953
-0,875
-0,879
0,864
0,773
0,898
0,929
0,859
0,895
0,789
0,788

ventricular mass index, EDV — end-diastolic volume, ESV — end-

systolic volume, EDD — end- diastolic dimension, ESD — end-systolic dimension, LA — left atrium, IVS — interventricular septum, RA —

right atrium, EF — ejection fraction, CF — contractility fraction.

Table 5
Contingency table of Factor 1 with different CMP types in men
CMP type Factor 1: reduced MCF Total
No Mild Strong Very strong

DCM n 1 0 6 8 15

% 6,7% 0,0% 40,0% 53,3% 100,0%
ICM n 1 3 2 2 8

% 12,5% 375% 25,0% 25,0% 100,0%
Alcoholic CMP n 0 0 2 0 2

% 0,0% 0,0% 100,0% 0,0% 100,0%
Myocarditis n 0 0 0 1 1

% 0,0% 0,0% 0,0% 100,0% 100,0%
Mixed CMP n 9 12 5 8 29

% 31,0% 41,4% 172% 10,3% 100,0%
HCM n 3 0 0 0 3

% 100,0% 0,0% 0,0% 0,0% 100,0%
Total n 14 15 15 14 58

% 24.1% 25,9% 25,9% 24.1% 100,0%

Abbreviations: HCM — hypertrophic cardiomyopathy, DCM — dilated cardiomyopathy, ICM — ischemic cardiomyopathy, CMP —

cardiomyopathy.

tor analysis created a rotated matrix of factor loa-
dings with three main components (Table 4).

The first component (Factor 1) included vari-
ables same for men and women: EF, post-systolic
shortening, EDD, ESD, EDYV, ESV, hypokinetic
myocardium. Factor 1 had a strong inverse relation-
ship with EF and contractility fraction variables
and a strong direct relationship with LV dimen-

sion, volume, and hypokinesis, as a result of which
Factor 1 was characterized as the first echocardio-
graphic profile with reduced myocardial contractile
function (MCF). The second component (Factor 2)
in men and women consisted of the variables of the
interventricular septum, LV posterior wall, LV mass
index, reflecting the LV myocardium walls’ thickness
and was designated as the second echocardiographic
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Table 6
Contingency table of Factor 1 with different CMP types in women
CMP type Factor 1: reduced MCF Total
No Mild Strong Very strong

DCM n 0 0 0 2 2

% 0,0% 0,0% 0,0% 100,0% 100,0%
ICM n 0 2 1 2 5

% 0,0% 40,0% 20,0% 40,0% 100,0%
Mixed CMP n 2 & 4 1 10

% 20,0% 30,0% 40,0% 10,0% 100,0%
HCM n 2 0 0 0 2

% 100,0% 0,0% 0,0% 0,0% 100,0%
Total n 4 5 5 5 19

% 211% 26,3% 26,3% 26,3% 100,0%

Abbreviations: HCM — hypertrophic cardiomyopathy, DCM — dilated cardiomyopathy, ICM — ischemic cardiomyopathy, CMP —

cardiomyopathy.

Table 7
Contingency table of Factor 2 with different CMP types in women
CMP type Factor 2: increased MM Total
No Mild Strong Very strong

DCM n 2 0 0 0 2

% 100,0% 0,0% 0,0% 0,0% 100,0%
ICM n 0 1 3 1 &

% 0,0% 20,0% 60,0% 20,0% 100,0%
Mixed CMP n 2 4 2 2 10

% 20,0% 40,0% 20,0% 20,0% 100,0%
HCM n 0 0 0 2 2

% 0,0% 0,0% 0,0% 100,0% 100,0%
Total n 4 5 5 5 19

% 211% 26,3% 26,3% 26,3% 100,0%

Abbreviations: HCM — hypertrophic cardiomyopathy, DCM — dilated cardiomyopathy, ICM — ischemic cardiomyopathy, CMP —

cardiomyopathy.

profile with increased myocardial mass (MM). The
third component (Factor 3) is defined as the degree
of atrial load, since in men and women this factor
included the variables of the left and right atria.

When analyzing contingency tables with analy-
sis of relationship strength of factor values of the
first echocardiographic profile with individual CMP
types, the chi-squared test in men was significant
at the level of p=0,001, and in women it was equal
to p=0,05. Among men, association with the first
echocardiographic profile were obtained for alcoholic
CMP, myocarditis, DCM, ICM, and mixed CMP
(Table 5).

In women, the relationship of the first echocar-
diographic profile with DCM, ICM and mixed CMP
(Table 6).

The second echocardiographic profile with in-
creased MM among men did not have a significant
relationship with CMP (p>0,5). On the contrary, in
women, the second echocardiographic profile had a
significant difference (p=0,04) with HCM and ICM
(Table 7).

Factor 3 (degree of atrial load) showed no diffe-
rences either in men (p>0,5) or in women (p>0,5),
which indicated a comparatively equal atrial load in
all types of CMP in both sexes.

Discussion
The first echocardiographic profile with reduced
MCF was characteristic of patients with DCM, alco-
holic CMP, myocarditis and, in general, corre-
sponded to morphological abnormalities in these
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CMPs. Among these individuals, deaths were
reported in men. The second echocardiographic pro-
file with increased MM was present in women with
HCM, since they did not have the first echocardio-
graphic profile. There were no sex differences in the
echocardiographic parameters (p>0,5) in DCM,
myocarditis and HCM, which may indicate the
dominance of etiological and genetic mechanisms of
the development of these CMP types over sex influ-
ence. To confirm these conclusions, it is necessary
to study a large population of patients with CMP due
to the differences between our results and a number
of other studies [5-7].

With ICM, the majority of men had an asso-
ciation with the first echocardiographic profile and
high mortality (66,7%) compared with women
(p=0,009). This confirms the literature data [8]
about a poor prognosis in men with ICM. There
were no differences in echocardiographic param-
eters between the deceased and surviving men with
ICM (p>0,5), which indicates the morphological
homogeneity of this group. Comparison of men
with ICM with women with ICM revealed sexual
dimorphism of echocardiographic parameters with
a significant increase in heart chambers among men
(p<0,05). All women with ICM, as well as men,
had an association with the first echocardiographic
profile, but women also had a significant association
with the second echocardiographic profile. It can be
assumed that second echocardiographic profile had a
protective effect in women with ICM and prevented
deaths among them. This conclusion is supported by
other studies [8, 10] on the prevalence of concen-
tric myocardial remodeling in women with cardiac
hypertrophy, which prevents a decrease in myocar-
dial contractility. All lethal cases in women were
registered with mixed CMP, as other papers [8],
which revealed a high mortality rate in women with
metabolic (mixed) CMP in comparison with men.
In our study, in some women with this CMP type,

there was an association with the first echocardio-
graphic profile and less often there was an association
with the second echocardiographic profile compared
with women with ICM.

Thus, factor analysis of a large number of echo-
cardiographic variables reduces them to complex fac-
tors and allows classification by selection of several
echocardiographic profiles. Two echocardiographic
profiles with different prognostic values revealed in
our study indicate associations of different strength
with certain CMP types. The results obtained can be
extrapolated to patients with CMP in order to verify
the diagnosis and determine the prognosis.

Conclusion

1. Among patients with CMP, there were 2 main
echocardiographic profiles: first profile with reduced
MCF and the second profile with increased MM.

2. The first echocardiographic profile in men had
significant differences (p=0,001) and was closely
associated with DCM, myocarditis, alcoholic CMP
and was present in the majority of patients with ICM
and mixed CMP.

3. Among women, a clear relationship (p=0,05)
with the first echocardiographic profile was in all
individuals with DCM and in some with ICM and
mixed CMP.

4. The second echocardiographic profile with
increased MM in women had a strong relationship
with HCM and the majority of individuals with ICM
(p=0,04).

5. High mortality was found in men with ICM
(66,7%) and among women with mixed CMP
(11,1%).

6. Comparative analysis of echocardiographic
profiles and outcomes in patients with ICM and
mixed CMP suggests a protective effect of the second
echocardiographic profile in women with ICM.

Relationships and Activities: none.
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Coronavirus disease 2019 (COVID-19) is a severe
infectious disease with a high death risk. At the time
of preparing article, according to the World Health
Organization (October 25, 2020), the disease has
spread to 235 countries and there were 42,512,186
documented cases of infection and 1,147,301 related
deaths [1]. The concept of the disease is based on
large registries made in the USA, Spain, Italy, and
China. However, to date, there is no data on the
characteristics of the disease course in Eurasian
patients. In this regard, an international AKTIV
SARS-CoV-2 register was created, in which specia-
lists from the Russian Federation, the Republic of
Armenia, the Republic of Kazakhstan and the Kyr-
gyz Republic united. The design and prerequisites
for register creation are described in article [2]. The
main aim of the register with estimated capacity
of 5 thousand patients, in addition to assessing the
influence of individual risk factors (RFs) (obesity,
smoking, hypertension (HTN), age over 60 years)
and chronic non-infectious diseases on the risk of
severe disease course and death, was the analysis
of the infection influence on the course of chronic

non-communicable diseases and cancer, as well as
on the incidence of new cases of heart failure (HF),
diabetes, acute coronary syndrome and cerebrovas-
cular disease within 2 years.

Results

The first analysis of the register included data
from 1,003 patients (Table 1): women — 55,2%,
mean age — 57,9 [49, 67] years. Patients were hospi-
talized in 91,6% of cases. The distribution of patients
according to the lung damage degree based on
computed tomography data is presented as follows:
grade 1 — 35,87%, grade 2 — 40,95%, grade 3 —
14,45% and grade 4 — 2,77%. Among hospitalized
patients, the mortality rate was 3,8%, in the general
cohort — 3,7%. Invasive mechanical ventilation was
required in 5,9% of patients, while cytokine storm
was observed in 12% of cases. Pulmonary embolism
was diagnosed in 0,7% of patients, deep vein throm-
bosis — in 0,1%.

Impact of prior diseases and RFs. The most com-
mon RF was hypertension (Table 1), which occurred
in 59,4% and 48,8% of in- and outpatients, respec-
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Characteristics of in- and outpatients included in the AKTIV register

Parameter Inpatients
n 919
Age, years 58,2 [49, 67,2]
Women, % 55,6
Deceased patients, % 3,8
HTN, % 59,4
Obesity, % 42,2
Smoking, % 3,9
Grade 1, % &15)5)
Grade 2, % 42,2
Grade 3, % 14,9
Grade 4, % 28
CAD, % 21,5
Prior MI, % 77
Type 2 diabetes, % 18,3
Class I-Il HF, % 12,0
Class llI-IV HF, % 23
CKD, % 70
COPD, % 6,1
Cerebrovascular disease, % 3,6
Active cancer, % 1,8
Type 1 diabetes, % 0,3

Table 1
Outpatients Total
84 1003
54,1 [44,5, 64,7] 57,9 [49, 67]
51,2 55,2
2,7 3,7
48,8 58,5
34,2 412
213 515
42,0 35,9
20,0 40,9
6,0 14,4
2,0 2,8
21,5 21,5
2,5 73
12,7 179
6,3 11,5
0,0 21
19,0 8,0
1,3 57
3,8 36
5l 21
1,3 0,4

Abbreviations: HTN — hypertension, CAD — coronary artery disease, Ml — myocardial infarction, CKD — chronic kidney disease,

COPD — chronic obstructive pulmonary disease, HF — heart failure.

Characteristics of surviving and deceased patients included in the AKTIV register

Parameter Surviving patients N=975
Age, years 58 [48,75, 66,0]
Lymphocytes, % 23,4 [16,0, 31,85]

CRP, mg/L 29,15[12,0, 82,70]

Abbreviation: CRP — C-reactive protein.

tively. The second most common RF was obesity,
which was observed in 42,2% and 34,2% of in- and
outpatients, respectively. Smoking was more common
among outpatients (24,1%) than among hospitali-
zed patients (3,9%). Among chronic noncommuni-
cable diseases in patients with COVID-19, coronary
artery disease (CAD) was most common, which was
observed with the same frequency in in- and out-
patients (21,5%). Prior myocardial infarction was
noted in 7,7% of hospitalized patients and only 2,5%
of outpatients. Type 2 diabetes occurred in 18,3% of
inpatients and 12,7% of outpatients. Class I-1I HF
was observed in 12,0% and 6,3% of in- and outpa-
tients, respectively. Class ITI-IV HF occurred only in
hospitalized patients (2,3%). Chronic kidney disease

Table 2
Deceased patients N=28 p
72 (63,5, 82,0] 0,001
14,0 [8,45, 19,05] 0,001
98,98 [42,7, 192,5] 0,001

(CKD) was diagnosed in 8% of patients — in 7,0%
and 19,0 of in- and outpatients, respectively. Chronic
obstructive pulmonary disease (COPD) was observed
in 6,1% and 1,3% of in- and outpatients, respectively.
Prior cerebrovascular disease was in 3,6% and 3,8%
of in- and outpatients, respectively. Active cancer was
in 1,8% and 5,1% of in- and outpatients, respectively.
Type 1 diabetes was observed in 0,3% and 1,3% of in-
and outpatients, respectively.

Comparison of survived and deceased patients is
shown in Table 2. It was found that the deceased
patients were older (72 [63,5, 82,0] vs 58 [48,75,
66,0] years, p=0,001) (Table 2). Age 60 years and
older (60+) increased the mortality risk more than
7 times (odds ratio (OR), 7,523 [95% confidence
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Table 3
Characteristics of surviving and deceased patients included in the AKTIV register
Parameter Surviving Deceased p OR (95% Cl)
patients patients
N=975 N=28
Men, % 44,6 46,4 NA
Age 60+, % 443 85,7 0,001 7,523 (2,584-21,898)
Grade 3-4, % 15,9 56,5 0,0001 6,880 (2,940-16,099)
HTN, % 573 82,1 0,016 3,428 (1,289-9,117)
Obesity, % 38,8 63,6 0,001 2,736 (1,137-6,680)
Obesity, inpatients, % 39,3 70,0 0,01 3,605 (1,362-9,545)
AF, inpatients, % 6,5 19,2 0,04 3,394 (1,220-9,443)
CAD, % 216 39,3 0,049 2,345 (1,076-5,109)
Type 2 diabetes, % 15,7 35,7 0,01 2,982 (1,342-6,627)
CKD, % 73 28,6 0,0001 5,079 (2,136-12,079)
CKD, patients >60 years of age, % 13,0 33,3 0,02 3,333 (1,344-8,269)
Comorbidities (>2), % 46,8 89,3 0,001 9,461 (2,831-31,613)
Comorbidities (>2), patients >60 years of age, % 70,2 91,7 0,04 4,673 (1,077-20,263)
Comorbidities (>2) and obesity, % 19,0 455 0,01 3,544 (1,490-8,427)
Diabetes + obesity + CVD*, % 8,7 417 0,001 7473 (2,076-26,901)
Diabetes + obesity + CVD*, patients >60 years of age, % 13,6 45,5 0,04 5,278 (1,329-20,966)

Note: * — HTN, CAD, MI, cerebrovascular disease, DVT, HF.

Abbreviations: HTN — hypertension, Cl — confidence interval, CAD — coronary artery disease, Ml — myocardial infarction, OR — odds
ratio, CVD — cardiovascular diseases, DVT — deep vein thrombosis, AF — atrial fibrillation, CKD — chronic kidney disease, HF — heart

failure.
Table 4
Hospital mortality (%) of patients depending on drug intake
Drug Intake+ Intake- p OR (95% Cl)
ACE inhibitors/ARBs, patients with HTN 2,20 5,50 0,166 0,382 (0,118-1,241)
Statins, patients with CAD 3,50 10,00 0,269 0,397 (0,067-1,603)
Anticoagulants, patients >60 years of age 3,00 10,60 0,049 0,259 (0,078-0,855)

Abbreviations: HTN — hypertension, ARBs — angiotensin receptor blockers, ACE — angiotensin-converting enzyme, Cl — confidence

interval, CAD — coronary artery disease, OR — odds ratio.

interval (CI), 2,584-21,898] p=0,001) (Table 3).
The degree of lung damage significantly influenced
the prognosis of the disecase. Grade 3-4 increased
the risk of death in comparison with grade 1-2 by
almost 7 times (OR, 6,880 [95% CI, 2,940-16,099]
p=0,0001).

Among comorbidities, CKD had the greatest
negative impact on prognosis. The presence of CKD
increased the risk of death, regardless of the patient
age, by 5 times (OR, 5,079 [95% CI, 2,136-12,079]
p=0,0001). The presence of obesity (body mass
index >30 kg/m?) was the RF for death in hospi-
talized patients (OR, 3,605 [95% CI, 1,362-9,545]
p=0,01). Atrial fibrillation (AF), type 2 diabetes,
and CAD increased the risk of death in hospitalized
patients by 3,4, 3,0 and 2,3 times, respectively (OR,

3,394 [95% CI, 1,220-9,443] p=0,04; OR, 2,982
[95% CI, 1,342-6,627] p=0,01; OR, 2,345 [95% ClI,
1,076-5,109] p=0,049).

Among the deceased patients, multimorbidity
was significantly more common, which negatively
affected the prognosis. Among the deceased patients,
2 or more chronic diseases were observed in 89,3%
vs 46,8% among the survivors (p=0,001). The pres-
ence of 2 or more comorbidities in comparison with
those with no more than 1 disease increased the risk
of death by more than 9 times (OR, 9,461 [95% ClI,
2,831-31,613] p=0,001). The combination of 2 or
more comorbidities with obesity (OR, 3,544 [95%
CI, 1,490-8,427] p=0,01) and the combination of
diabetes with obesity and cardiovascular disease
(OR, 7,473 [95% Cl, 2,076-26,901] p=0,001).
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Figure 1. Risk factors for death in hospitalized patients with COVID-19 (ID ClinicalTrials.gov: NCT04492384, https://ACTIV.euat.ru, [20, 21]).
Abbreviations: HTN — hypertension, CAD — coronary artery disease, CVD — cardiovascular diseases, AF — atrial fibrillation, CKD — chronic

kidney disease.

Comparison of a large array of routine laboratory
parameters in the population of deceased and survi-
ving patients showed that significant differences were
achieved in the levels of C-reactive protein (CRP)
(98,98 42,7, 192,5] vs 29,15 [12,0, 82, 70] mg/l,
p=0,001) and the level of lymphocytes. In the popu-
lation of deceased patients, the level of lymphocytes
was significantly lower (14,0 [8,45, 19,05]% vs 23,4
[16,0, 31,85]%, p=0,001).

Analysis of the effect of individual drugs on the
risk of death showed that:

— In patients over 60 years of age who received
anticoagulant therapy, the death risk was lower than
in patients who did not receive it (3,0% vs 10,6%,
p=0,049, OR, 0,259 [0,078-0,855]) (Table 4).

— Statin therapy (not adjusted for dose and
achievement of target low-density lipoprotein level)
did not lead to a decrease in mortality, but signifi-
cantly reduced the level of CRP by >50% at 7-12
days in 82,9%, while in patients not receiving statins,
such CRP changes was observed only in 48,1% (OR,
5,205 [1,634-16,582] p=0,009).

Discussion

Comparison of AKTIV register data with large
registers performed in Great Britain, China, Italy,
Spain is of great interest. The analysis showed that
the patients in the AKTIV register reflecting the
Eurasian cohort of patients were 5-15 years younger
(mean age, 58 years vs 73 (UK [3]), 64 (China [4]),
63 (USA [5]), 69 (Spain [6]), 63 (Italy [7]). The pro-
portion of women was significantly higher.

Thus, the proportion of women in the AKTIV
register was 55%, which exceeds that in UK (40%)
[3], China (51%) [4], the USA (40%) [5], Spain
(43%) [6] and Italy (18%) [7].

30,00% -
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25,00% -

21.4% 22,4% 22,3%

20,00% A

15,00% - 14.7%

10,00% -

5,00% -
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China

AKTIV
register

Italy

Bl Total
B Inpatients
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Figure 2. Incidence of CHD in COVID-19 in different regions,
depending on the severity of the course [Kang Y, Chen T, Mui D,
et al. Cardiovascular manifestations and treatment considerations
in COVID-19. Heart. 2020;106(15):1132-41. doi:10.1136/
heartjnl-2020-31, [17]).

The mortality rate in the AKTIV register was
3,7% and was lower than in the Italian register
(7,2%) |8] and approximately corresponded to the
Chinese ones (2,3% and 3,2%) [9, 10] and meta-
analysis of Chinese and US studies (4,8%) [11]
(Figure 1).

According to various studies, it was found that
patients with concomitant diseases such as HTN,
CAD, diabetes, HF, CKD, cancer, COPD, asthma,
obesity are prone to a more severe course of COVID-
19 and have a high death risk [12-16].
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According to the AKTIV register, HTN was
more common in the Eurasian population (58,5% vs
30,5% (China) [4], 56,6% (USA) [5], 50,9% (Spain)
[6] and 49 % (Italy)) [7]. Almost half of the patients
in the AKTIV register were obese (41,2%), which
coincided with US data (41,7%) [5] and exceeded
the obesity rate in the Spanish register (21,2%) [6]
almost 2 times.

The CAD rate in patients of the AKTIV register
(21,5%) was more than in the population (7,6%)
(Figure 2) [17] and was comparable with data from
Italian (21%) [7] and Spanish (19,9%) registers [6].
The CAD rate in registers from the USA (11,1%)
[5] and China (10,6%) [4] was significantly lower in
comparison with AKTIV register.

Diabetes occurred among the patients of the
AKTIV register (17,9%) as often as in the register
from Italy (17%) [7] and Spain (19,4%) [6] and less
frequently than in UK (29, 9%) [3] and US (33,8%)
registers [5]. In the Chinese register, diabetes was
somewhat less common than in the AKTIV register
(14,4%) [4].

The HF prevalence in the AKTIV register (13,6%)
was higher than in the US (6,9%) [5] and Spainish
(9,2%) registers [6]. In the AKTIV register, class I-11 HF
was observed in 11,5%, while class III-IV HF — in 2,1%.

CKD in patients of the AKTIV register (8%) was
observed approximately as often as in the Spanish
register (6,1%) [6] and significantly less frequently
than in the UK register (16%) [3]. In registers of
USA (5%) [5], China (3,4%) [4] and Italy (3%) [7],
CKD was observed somewhat less frequently than in
the AKTIV register.

Among patients in the AKTIV register, the COPD
rate was small and amounted to 5,7%, which was
comparable with data from the USA (5,4%) [5],
Spain (5,3%) [6] and Italy (4%) [7]. The prevalence
of COPD in UK patients (18,3%) [3] was higher,
while in the Chinese ones (2,9%) [4] — lower than
in the AKTIV register.

The smoking prevalence among patients of the
AKTIV register was also low (5,5%), which is com-
parable to data from the UK (6,4%) [3] and Spain
(5,3%) [6], but significantly lower, than in the US
register (15,6%) [5].

The cancer rate in patients of the AKTIV register
was low (2,1%) and corresponded to the Russian
population (2,56%) [18]. A similar low incidence
of cancer was in the Chinese register (2,2%) [4]. In
other registries, the cancer prevalence was slightly
higher: USA — 6% [5], Ttaly — 8% [7], Spain —
10,7% [6], Great Britain — 10,8% [3].

In deceased patients of the AKTIV register,
hypertension was registered in 82,1%, which was
more often than among deceased patients in the Ita-
lian register (73%) [19]. Among the deceased patients

of the AKTIV register, CAD (39,3% vs 30%), CKD
(28,6% vs 20%), type 2 diabetes (35,7% vs 33%)
were more common than in the Italian register
[19]. Comorbidities such as AF (19,2% vs 22%)
and prior cerebrovascular disease (10,7% vs 11,2%)
were observed in the AKTIV and Italian registers
with approximately the same frequency [19]. In the
AKTTIV register, among the deceased patients, there
were fewer patients with COPD (3,6% vs 13,7%) and
cancer (10,7% vs 19,5%) than in the Italian register
[19].

Comparison of RFs for death in the AKTIV
register with the meta-analysis by the Noor FM,
et al. [20] with58 studies involving 122,191 patients
and the meta-analysis by Parohan M, et al. [21],
with 14 studies involving 14,909 patients (Figure 1)
found number of differences. Thus, in the AKTIV
register, type 2 diabetes, obesity, HTN, CKD, age
over 60 and multimorbidity had the most significant
negative influence, higher than in above-mentioned
meta-analyzes (Figure 1). Multimorbidity had the
most significant negative impact on the prognosis
in the Eurasian population of COVID-19 patients: 2
or more chronic diseases increased the risk of death
by 9,5 times, while in the meta-analysis by the Noor
FM, et al. [20], only by 2,6 times.

A number of RFs (male sex, COPD, cancer,
asthma, cerebrovascular diseases, chronic liver
diseases), which was associated with death in other
studies [20, 21], with a pronounced trend, did not
achieve significance in the AKTIV register. This can
be explained by different sample sizes.

In the AKTIV register, deceased patients had a
higher CRP level and a lower lymphocyte count,
which is consistent with other studies [22-25].

According to the AKTIV register, the morta-
lity rate was lower in patients over 60 years old who
received anticoagulant therapy than in patients who
did not receive it. The positive effect of anticoagu-
lant therapy on the severity of COVID-19 course and
the death risk was also shown in the study by Para-
njpe I, et al. [26]. In this study, long-term anticoagu-
lant therapy was associated with in-hospital morta-
lity reduction by a 14% (hazard ratio, 0,86 [95%
Cl, 0,82-0,89] p<0,001). According to the study by
Lemos AC, et al. [27], therapeutic-dose anticoagu-
lation has advantages over prophylactic doses. The
rationale for the widespread use of anticoagulant
therapy for COVID-19 patients is the high risk of
thrombotic events [28, 29].

Currently, anticoagulant therapy is recommended
for COVID-19 pneumonia of any severity [30, 31].

According to the AKTIV register, the statin the-
rapy in CAD patients contributed to a decrease in
CRP level in comparison with patients not recei-
ving these drugs. A similar beneficial effect of statins
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on inflammatory markers was demonstrated in the
study by Zhang XJ, et al. [32]. It is now known
that, in addition to the anti-inflammatory effect,
statins can inhibit the penetration of SARS-CoV-2
into host cells. Statins, activating autophagy, can
regulate viral replication or degradation, providing
protective effects in COVID-19 [32, 33]. According
to the meta-analysis by the Kow CS and Hasan SS
with 8,990 patients [34], the all-cause mortality and/
or disease severity in patients with COVID-19 was
reduced by 30% in patients taking statins.

Conclusion
The Eurasian population of COVID-19 patients
differs from the populations in the European, US
and Chinese registers, primarily in terms of the age

and sex. The population of the AKTIV register is
characterized by a younger age and female predomi-
nance. HTN and HF were observed more often than
in other registers.

The most significant difference of the Eurasian
population was the higher effect of multimorbidity
on the mortality risk vs other registers. More pro-
nounced effect on mortality of such diseases as dia-
betes, obesity, hypertension, chronic kidney disease,
and age over 60 years was also revealed.

The mortality rate in the AKTIV register was
3,7%, which is lower than in the Italian register and
approximately corresponds to the mortality rate in
the Chinese and US registers.

Relationship and Activities: none.
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Combination of chronic myocarditis and progressive coronary artery disease:
differential diagnosis and stepwise treatment

Lutokhina Yu.A!, Blagova O.V!, Sedov V.P!, Zaydenov V. A2, Nedostup A. V!

Aim. To assess the differential diagnosis in a patient with
a combination of coronary artery disease and myocarditis
and the results of stepwise treatment (including immuno-
suppressive therapy (IST), and coronary stenting).

Material and methods. A 56-year-old female patient with
hypertension, obesity (body mass index, 31,6 kg/m?), dia-
betes and psoriasis developed shortness of breath after
a respiratory viral infection. Primary echocardiography
revealed left heart dilatation, ejection fraction (EF) of 21%.
Coronary angiography revealed anterior descending artery
stenosis of 75%, circumflex artery — 80%, right coronary
artery (RCA) — 70%. RCA stenting was performed and
cardiovascular and diuretic therapy was started. However,
shortness of breath and low exercise tolerance persisted.
Results. In the blood test, anti-endothelial cell antibodies
were 1:320, anti-cardiomyocyte and anti-smooth muscle
antibodies — 1:80, anti-cardiac conduction system fibers —
1:320 (N<1:40). During myocardial perfusion scintigraphy
with computed tomography, an uneven distribution of the
indicator was noted. Signs of myocardial scarring and
indications for further revascularization were not revealed.
Cardiac magnetic resonance imaging confirmed a decrease
in left ventricular (LV) contractility (LVEF 37%) and moderate
dilatation. Biopsy was not performed due to dual antiplatelet
therapy. The condition is regarded as infectious-immune
myocarditis. IST was started with azathioprine 150 mg/day.
We noted dyspnea relief and a stable increase in LVEF to
50-52%. The clinical course was complicated by sick sinus
syndrome with pauses up to 6 seconds and presyncope;
a pacemaker was implanted. After 5 years from the onset
of IST, dyspnea episodes reappeared without exacerbation

of myocarditis. As their cause, ischemia was diagnosed due
to the progression of coronary atherosclerosis. Symptoms
regressed after repeated coronary stenting.

Conclusion. The presence of moderate coronary athero-
sclerosis without signs of ischemia and myocardial infarc-
tion should not be considered as the only cause of severe
systolic myocardial dysfunction. Diagnosis and treatment
of myocarditis in combination with coronary artery disease
is carried out according to the standard principles and can
improve LV systolic function and control the heart failure
symptoms.

Key words: coronary artery disease, myocarditis, anticar-
diac antibodies, heart failure, immunosuppressive therapy.
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In modern cardiology, in recent years, special
attention has been paid not only to a comprehensive
study of certain diseases, but also to a combination
of several disorders. At the same time, the combina-
tion of various cardiovascular diseases (CVD) often
significantly changes the approach to the diagnosis
and treatment of a patient, and also has an impor-
tant effect on the prognosis. Angina is the most
common type of coronary artery disease (CAD).
Its prevalence increases in the population with age:
from 5-7% among women 45-64 years old to 10-12%
among women aged 65-85 years, and from 4-7%
among men 45-64 years old to 12-14% among men
aged 65-85 [1]. Myocarditis is the most common
myocardial disease. According to some estimates, it
accounts for up to 10% of patients with CVD in the
Russian Federation [2]. Thus, the combination of
CAD and myocarditis is quite likely to occur, and
it is extremely important to take into account both
of these diseases when managing such patients. This
will be discussed in the article.

Case report

Female patient, 56 years old, first entered the
hospital in December 2013 with complaints of short-
ness of breath with minimal exercise, pain in the left
shoulder with moderate exercise, stopping at rest
within 15 minutes, episodes of increased blood pres-
sure (BP) to 170/110 mm Hg, pronounced weakness,
and anxiety.

Family history of CVD was negative.

Past history. From childhood to 50 years, the
patient suffered from frequent tonsillitis and bron-
chitis. Since 1986, there has been a wave-like course
of psoriasis. In 2007 (at the age of 50), type 2 dia-
betes (T2D) was diagnosed for the first time, and
therefore receives oral hypoglycemic therapy, how-
ever, glycated hemoglobin was 9% (with a target
range of HbA  value <7,5%). An architect by pro-
fession, currently retired. The patient did not smoke
and not abuse alcohol.

Medical history. From about 42 years of age
episodes of BP rises to a maximum of 160-170/110
mm Hg was noted. She occasionally took antihyper-
tensive drugs (prestarium, concor) with incomplete
effect. Since autumn 2012, for the first time, short
episodes of shortness of breath with moderate exer-
cise and left shoulder pain appeared. The patient was
not examined. In March 2013, she suffered an acute
upper respiratory tract infection with low-grade fever
that lasted for 3 weeks. After a course of antibiotic
therapy, the temperature returned to normal, but
shortness of breath appeared, which then indepen-
dently regressed within a few weeks. Echocardiogra-
phy was performed, in which a slight left ventricular
(LV) dilation was found; the ejection fraction (EF)
was 51%.

There was a worsening since September 22,
2013, when after drinking a large amount of liquid,
severe shortness of breath appeared. Chest com-
puted tomography revealed a small amount of fluid
in the right pleural cavity, calcification of aorta and
coronary arteries. The patient was hospitalized in
respiratory medicine unit, the cardiogenic nature of
shortness of breath was suspected. Repeated echo-
cardiography revealed EF of 21%, hypoakinetic
areas in the anterior septum, left heart dilatation.
Coronary angiography revealed 75% stenosis of the
anterior descending artery (ADA) throughout, 80%
stenosis of left circumflex artery (LCA) orifice, 70%
stenosis of the right coronary artery (RCA) in the
proximal third. On October 14, 2013, RCA stenting
was performed. The patients received furosemide,
digoxin, rosuvastatin, ticagrelor, aspirin, perindopril.
At discharge, the EF was 33%. After hospitaliza-
tion, shortness of breath persisted, exercise tolerance
remained low, and episodes of left shoulder pain
remained unrelated to exercise. The patient turned
to cardiology unit for further examination and treat-
ment.

Physical examination. Height was 164 cm,
weight — 85 kg, body mass index — 31,6 kg/m’.
Hypersthenic type. Psoriatic plaques located on the
elbows and dorsal feet surfaces. There was swollen
legs and feet. Respiratory rate of 28 bpm. Accord-
ing to auscultation, breathing was harsh and withoit
crackles. Muffled heart tones, no cardiac murmur.
Heart rate (HR) of 80 bpm. BP was 150/90 mm Hg.
The liver was 1 cm below the costal margin. The
spleen was not enlarged.

Parameters of complete blood count, biochemi-
cal blood tests, coagulation testing, and urine tests
were without findings. Anticardiac antibodies (ACA)
were as follows: antinuclear antibody (ANA) — no,
antiendothelial cell antibodies — 1:320, anticardio-
myocyte antibodies 1:80, anti-smooth muscle anti-
bodies — 1:80, and antibodies to cardiac conduction
system fibers — 1:320 (normal range, below 1:40).
The genome of cardiotropic viruses (herpes viruses,
parvovirus B19) was not detected.

Electrocardiography (ECG) (Figure 1) revealed
first-degree atrioventricular block (PQ, 240 ms),
signs of left atrial and LV hypertrophy, poor pro-
gression of R wave in V,-V;. Attention was paid to
QS complexes in III and aVF (no negative altera-
tion compared with previous ECGs, including from
1987). Twenty-four hour Holter monitoring revealed
a constant first-degree atrioventricular block with
a maximum PQ lengthening up to 260 ms, ST seg-
ment depression up to 1 mm without diagnostically
significant dynamics.

Echocardiography showed a slight left heart dila-
tion (LV end diastolic dimension (EDD), 5,9 cm; LV
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end diastolic volume (EDV), 152 ml; left atrial end
diastolic volume, 80 ml) and LVEF of 39%. No local
contractility disorders were found. According to
single-photon emission computed tomography, the
indicator inclusion into the LV myocardium with a
diffusely uneven distribution was visualized, which is
characteristic of non-coronary myocardial damage.
Signs of cicatricial myocardial damage were not
identified. According to cardiac multislice computed
tomography (MSCT), the stent was patient, while in
the area of the LV lateral wall, increased trabecula-
rity was determined without myocardial noncom-
paction. The myocardial enhancement in the arterial
phase was uneven, especially in the lateral wall area,
while in the delayed phase, there were no areas of
contrast accumulation.

To rule out myocardial noncompaction and scar-
ring, contrast-enhanced cardiac magnetic resonance
imaging (MRI) was performed: LV moderate dilata-
tion (EDD, 5,8 cm; EDV, 111 ml/m? up to 92 ml/
m?) and decreased contractility (EF, 37%) without
clear areas of delayed contrasting. No evidence in
favor of non-compact myocardium were obtained.
There was no myocardial hypertrophy (interven-
tricular septal thickness, 11-12 mm; posterior wall
thickness, 10 mm). Myocardial mass was at the
upper normal limit.

The previous coronary angiograms were studied
by professor V.A. Sulimov: the stenoses were sig-
nificantly overestimated before; stenosis degree of
ADA and LCA did not exceed 50-60% and further
revascularization was not required. Moreover, RCA
stenosis also did not exceed 50-60%, and therefore
the indications for its stenting were dubious, and the
procedure did not lead to an improvement in the
patient’s condition.

Thus, CAD in the presence of significant coro-
nary atherosclerosis was highly probable. Left shoul-
der pain arising during exercise and stopping at
rest was regarded as angina. It was not possible
to carry out stress tests due to severe heart failure
(HF). According to scintigraphy, echocardiography,
MSCT and MRI, there was no evidence in favor of
myocardial infarction (MI).

Taking into account the relatively old age for pri-
mary cardiomyopathy decompensation, a clear con-
nection between the increase in HF symptoms and
the previous upper respiratory tract infection, low
immune status (psoriasis), the rapid development of
diffuse myocardial dysfunction with a EF decrease
to 21%, high titers of antiendothelial antibodies and
antibodies to cardiac conduction system, uneven
myocardial contrasting in the arterial phase accord-
ing to cardiac MSCT, diffuse uneven perfusion
disorders according to myocardial scintigraphy, the
condition was regarded as infectious-immune myo-

e
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Figure 1. ECG of the patient (description in the article).

carditis. Due to the need to continue dual antiplate-
let therapy until October 2014, myocardial biopsy
was associated with a high risk. There was no clear
evidence for primary cardiomyopathy (in particu-
lar, myocardial non-compaction) with MSCT and
MRI. The absence of delayed accumulation did not
exclude myocarditis.

Taking into account the moderate degree of myo-
carditis activity and presence of relative contraindi-
cations to steroid therapy (obesity, subcompensated
diabetes), azathioprine monotherapy (150 mg/day)
was started. Optimal doses of angiotensin-convert-
ing enzyme inhibitors and [3-blockers (fosinopril 20
mg/day, bisoprolol 2,5 mg/day), diuretics (spirono-
lactone 50 mg/day, furosemide 40 mg/day intrave-
nously with a switch to torasemide 10 mg/day). As a
result of treatment, there was a decrease in shortness
of breath with a stable positive diuresis, an increase
in exercise tolerance, and a significant improvement
in general well-being.

Since the beginning of 2014, episodes of dizziness
and rare lightheadedness have appeared. In May
2014 she applied to the hospital. There was a clear
positive dynamics: a decrease in shortness of breath,
an EF increase to 46-48%, a decrease in LV EDD
to 5,3 cm, despite an increase in weight of 9 kg.
Holter monitoring while taking 2,5 mg of bisoprolol
revealed 49 pauses >2 seconds (maximum, 2,3 sec),
frequent episodes of postextrasystolic depression of
the sinus node. The dose of bisoprolol was reduced to
1,25 mg/day, against the background of which only
isolated episodes of sinoatrial block were recorded
at night. Signs of moderate myocarditis activity per-
sisted (Table 1) and therapy with azathioprine was
continued at the same dose. Doppler ultrasound
revealed hemodynamically significant stenosis of the
internal carotid arteries (right, 50%; left, 60%). In
December 2014, a decrease in antibodies’ titers was
noted. Therefore, the azathioprine dose was reduced
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Results of dynamic follow-up of the patient

Parameter December May December
2013 2014 2014

ANA (no) HeT HeT HeT

AECA (1:40) 1:320 1:80 1:80

ACA (1:40) 1:80 1:160 1:80

ASMA (1:40) 1:80 1:160 1:80

CCSA (1:40) 1:320 1:320 1:160

Shortness of breath +++ ++ +

LVEF, % 21-39 47 49

Azathioprine dose (mg/day) 150 150 50

Table 1

December May November May May
2015 2016 2017 2018 2019
1:320 1:80 1:160 1:40 1:40
1:80 1:80 1:160 1:80 1:80
1:160 1:80 1:80 1:80 1:80
1:160 1:160 1:80 1:80 1:80
1:160 1:160 1:80 1:80 1:80
++ - = = ++

41 52 50 51 41-50
150 150 150 100 150

Abbreviations: ANA — antinuclear antibodies, AECA — antiendothelial cell antibodies, ACA — anticardiomyocyte antibodies, ASMA —
antibodies to anti-smooth muscles, CCSA — antibodies to cardiac conduction system fibers, LVEF — left ventricular ejection fraction.

to 50 mg/day. Holter monitoring revealed 195 pauses
(maximum, 3,78 sec), in connection with which
bisoprolol was completely canceled. The patient felt
satisfactory for the next year.

In December 2015, shortness of breath appeared
and gradually increased, exercise tolerance decrea-
sed, and the patient was hospitalized. Echocardio-
graphy revealed a decrease in EF to 41% without LV
dilatation. Exercise tests were not performed due to
shortness of breath. The patient refused to perform
stress transesophageal echocardiography. Holter
monitoring without -blockers’ intake revealed epi-
sodes of second-degree sinoatrial block with pauses
of up to 2,5 seconds in combination with sinus
tachycardia. Considering the need for therapy with
B-blockers (HF, hypertension, CAD), a maximum
pause of 3,78 seconds and a history of syncope, the
implantation of a pacemaker was recommended.
Taking into account a significant increase in anti-
bodies’ titers (Table 1), the deterioration of the con-
dition was regarded as a consequence of myocarditis
exacerbation. Therefore, azathioprine dose was again
increased to 150 mg/day.

In January 2016, a pacemaker was implanted.
Before the implantation, Holter monitoring revealed
pauses of up to 6,25 seconds (Figure 2). After implan-
tation of the pacemaker, therapy with bisoprolol 2,5
mg was resumed. The state of health improved: there
were no episodes of dizziness, shortness of breath
decreased, exercise tolerance increased, and EF sta-
bilized at the level of 50-52%.

The patient’s condition remained stable until
December 2018 (Table 1), when she noted an
increase in shortness of breath, a feeling of “globus
behind the breastbone” without a clear connection
with physical activity. According to echocardiogra-
phy in January 2019, LVEF was 41%. In May 2019,
she was again hospitalized to rule out an exacerba-

tion of myocarditis. According to the echocardiog-
raphy performed in the clinic, the EF was 50%.
There was no increase in the antibodies’ titer, which
required the search for other causes of deteriora-
tion. Due to the presence of risk factors for CAD
and verified coronary atherosclerosis, a stress test
was performed (positive results). During the test, a
feeling of heaviness behind the sternum appeared,
accompanied by ECG changes: horizontal ST seg-
ment depression in II, III, aVF, V-V, up to 0,16
mV). The increase in episodes of shortness of breath
is regarded as equivalent to angina.

In November 2019, coronary angiography
revealed 75% stenosis of the left coronary artery,
50% stenosis of the proximal third of ADA, 30%
stenosis in the proximal third of RCA, while LCA
was without significant stenosis. Stent in the middle
third was without signs of restenosis. Coronary artery
bypass grafting was recommended, which the patient
refused, and therefore, in December 2019, bifurca-
tion stenting was successfully performed using the
culotte technique. After that, she noted a significant
improvement in well-being in the form of a decrease
in shortness of breath and the disappearance of dis-
comfort behind the breastbone.

Discussion

In the presented case report, the simultane-
ous presence of two diseases in the patient was
demonstrated: moderate chronic infectious-immune
myocarditis and CAD. Both diseases determine the
patient’s prognosis equally. At the same time, either
myocarditis or the progression of CAD played a
leading role in the formation of clinical performance
at different times.

Initially, the HF symptoms in the patient were
regarded precisely as a manifestation of CAD,
despite the clear connection between the onset of
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symptoms and the previous infection, a rapid EF
decrease and left heart dilatation, a moderate coro-
nary artery stenosis and the absence of verified
ischemia. The patient underwent RCA stenting, but
there was no significant positive dynamics in condi-
tion. Only after the start of basic therapy a significant
increase in EF (from 21-39% to 52%), normaliza-
tion of the heart size, and control over HF symptoms
were achieved. The restored blood flow through the
RCA, a simultaneous decrease in EF and an increase
in antibodies’ titers make myocarditis a more likely
cause of the progression of conduction disorders. In
any case, the nature of the pauses did not influence
the treatment tactics.

As for the last deterioration in the patient’s con-
dition, her long history of myocarditis forced the
doctors, who initially diagnosed CAD, to regard the
negative dynamics as an increase in the activity of
myocarditis. She was again referred to our hospital
to determine further management tactics. The stress
test revealed myocardial ischemia due to the pro-
gression of coronary atherosclerosis in the patient
with hypertension, obesity and not fully controlled
diabetes. Timely pathogenetic treatment (revascu-
larization) again made it possible to stabilize the
condition.

Given the high prevalence of both myocarditis
and CAD, a combination of these two diseases is
quite likely. However, there is very little data in
the literature. There are many publications about
the infarct-like acute myocarditis, however, only
a few publications were found about the combina-
tion of myocarditis and “classical” CAD. A group
of Japanese scientists described a patient with a
long history of multivessel CAD; this patient had
an acute decompensated HF, the cause of which
was morphologically verified lymphocytic fulminant
myocarditis, first regarded as ACS [3]. The main
message of the authors coincides with ours: the pres-
ence of a verified CAD in a patient may complicate
the timely diagnosis of myocarditis and one should
bear in mind the addition of myocarditis as one of
the deterioration reasons.

In 1999, Italian researchers described 7 patients
with advanced coronary atherosclerosis, biventricu-
lar heart failure, and right ventricular and LV dilata-
tion without prior MI. In all of these patients, myo-
cardial biopsy was diagnosed with active lymphocytic
myocarditis. In addition, an increase in antibodies’
titers was noted in two patients. In addition to the
conventional treatment of HF, two patients were
prescribed immunosuppressive therapy for myocar-
ditis with a combination of prednisolone and aza-
thioprine, and 8 months after they had a significant
increase in LVEF (from 15% to 50% and from 20%
to 38%), while in 5 patients without immunosup-
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Figure 2. Fragment of 24-hour ECG monitoring (description in the
article).

pressive therapy, EF remained low and one of them
died [4].

We have repeatedly observed cases of a combina-
tion of various types of CAD and myocarditis. When
observing more than 600 patients with myocarditis,
we identified two variants of infarct-like myocarditis
(favorable and unfavorable) and described numerous
forms of microvascular ischemia within myocarditis
without necrosis [5, 6] and cases of a true combina-
tion of CAD with morphologically verified myocar-
ditis, as well as cases of myocarditis after MI [7].

We also repeatedly noted about the ambiguity
and often unjustified use of the clinical term “ische-
mic cardiomyopathy”, which, unfortunately, began
to be used by pathologists instead of the much more
correct and understandable diagnosis of “small focal
cardiosclerosis”. Today, ischemic cardiomyopathy is
most often understood as a pronounced postinfarc-
tion LV remodeling with its dilatation and a progres-
sive EF decrease. However, in 1970 this term was
proposed to denote the dilated cardiomyopathy in
patients with multivessel CAD, regardless of a his-
tory of myocardial infarction. At the same time,
the reasons for the development of cardiomyopathy
in only a small part of patients with CAD remain
unclear. Obviously, in addition to chronic ischemia,
there must be special factors that are not present in
everyone, probably genetic.

In the presented case report, we have no rea-
son to suspect true ischemic cardiomyopathy for
a number of reasons: initially there was not only
myocardial infarction and severe multivessel lesion,
but also verified ischemia. Significant improve-
ment in the condition and increase in LV systolic
function were achieved in the absence of complete
myocardial revascularization. Before pacemaker
implantation, B-blockers were used only in a mini-
mal dose and then were canceled, which does not
meet the optimal medical therapy for CAD and HF.
Pronounced clinical effect was achieved by use of
azathioprine.

Thus, when patients with coronary atheroscle-
rosis develop unexplained biventricular HF without
myocardial infarction, one should always remember
about the need to actively diagnose and treat myo-
carditis.
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Conclusion

The presence of moderate coronary athero-
sclerosis without signs of ischemia and myocar-
dial infarction should not be considered as the
only cause of severe systolic myocardial dysfunc-
tion. In patients with verified CAD, increase in
HF symptoms with a significant decrease in EF
and cardiac dilatation may be due not only to
coronary atherosclerosis progression, but also to
the presence of myocarditis. Diagnosis and treat-
ment of myocarditis in combination with CAD is
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According to the fourth universal definition of
myocardial infarction (MI), there are many causes
of acute myocardial injury associated both directly
with myocardial ischemia and other non-ischemic
causes, such as myocarditis, sepsis, chronic kidney
disease, and others [1]. It can be quite difficult to
establish the cause of myocardial injury. High-tech
diagnostic methods are required, which also cannot
always give a clear answer to the question of injury
cause. We present a case report of acute myocardial
injury caused by a systemic inflammatory response
syndrome (SIRS), which developed due to chronic
tonsillitis exacerbation.

Male patient, 44 years old, was admitted on
February 9, 2020 to cardiac intensive care unit with
non-ST segment elevation acute coronary syndrome
(ACS) and lacunar tonsillitis.

Upon admission, he complained of general weak-
ness, chills, sore throat.

He consider oneself sick since the evening of
February 5, 2020, when at about 7 pm he felt a
sharp weakness, chills, the body temperature rose
to 37,4° C. Two hours later, complaints arose of
severe sore throat, aggravated by swallowing, muscle
pain; body temperature rose to 40,5° C. The patient
receive antiseptics and paracetamol. While taking
paracetamol (500 mg), the temperature dropped for
several hours to 39,2° C. From February 7, 2020,
taking into account the persisting sore throat and an
increase in body temperature to 39-40° C, intense
knee pain, he independently began to take amoxiclav
500 mg twice a day. On February 9, 2020, he noted a
sharp decrease in body temperature to 37,4° C. Then
the temperature above 38° C was not noted. On the
same day, at about 3 pm, there suddenly appeared a
burning pain behind the sternum of moderate inten-
sity, spreading to the left shoulder, left arm and inter-
scapular area. The patient took two Nurofen tablets,
after which the pain intensity decreased slightly. At 6
pm, after a daytime sleep and slight exercise, squeez-
ing pain resumed behind the sternum, spreading to
the left shoulder and left arm, the interscapular area.
An ambulance was called. Electrocardiography did
not reveal abnormalities. Repeated intake of sub-
lingual nitrates did not stop the pain syndrome and
the patient was admitted to the S.P. Botkin Clinical
Infectious Diseases Hospital diagnosed with lacunar
tonsillitis. The chest pain had passed by the time of
hospitalization and did not recur. The patient was
examined by an otorhinolaryngologist. The diagno-
sis of chronic tonsillitis exacerbation was confirmed.
Smears for diphtheria were negative. Considering
complaints of chest pain, the patient was examined
by a cardiologist. Troponin T was elevated — 750
pg/ml. Therefore, the patient was transferred to the
cardiac intensive care unit of the I.I. Mechnikov

North-Western State Medical University with non-
ST segment elevation ACS lacunar tonsillitis.

Collection of medical history revealed that in the
last years 4-5 times a year he had tonsillitis. About 3
years, the patient also had hypertension with maxi-
mum blood pressure values of 150/90 mm Hg and
did not receive constant antihypertensive therapy.
Cardiovascular family history is negative. There were
following bad habits: 24-year smoking, 1 pack per
day (smoking index — 24), moderate alcohol con-
sumption.

Objectively, the condition was moderate. Clear
consciousness. The body temperature was 37,3° C.
Hypersthenic type, class 1 obesity (body mass
index — 31,6 kg/m?). Blood pressure of 130/80 mm
Hg. Symmetrical regular pulse of 80 bpm. Clear
heart tones, no cardiac murmur. Respiratory rate
of 16 bpm. According to auscultation, breathing
was harsh and without crackles. Pronounced hyper-
emia of the pharynx was revealed. The tonsils were
enlarged and covered with a white lump. Other sys-
tems were without findings.

Upon admission to the cardiac intensive care
unit, the ECG revealed sinus rhythm, heart rate
(HR) of 86 bpm. In I, 11, aVL, aVF, V4-6, smoothed
T waves were recorded (Figure 1). Troponin T of
903,3 pg/ml was revealed, followed by a natural
decrease and normalization by 7 days. According to
echocardiography, ejection fraction was 57,6%, left
ventricular (LV) end-diastolic dimension — 51 mm,
LV end-systolic dimension — 33 mm, LV mass —
140,5 g, left atrial volume — 35 ml, inferior vena
cava diameter — 11 mm, pulmonary artery pres-
sure — 22 mm Hg. Areas of impaired local contrac-
tility were not identified. The valves were without
significant abnormalities. Pericardial effusion was
not revealed.

Given the absence of chest pain on admission,
typical ECG changes and areas of impaired con-
tractility according to echocardiography, as well as
the presence of an acute infectious disease, it was
decided not to perform coronary angiography on the
day of admission.

Complete blood count revealed neutrophilic
leukocytosis: WBC — 12,2%¥10%/1, neutrophils —
9,2*10%/1, Also, attention was drawn to an increase
in the following indicators: aspartate aminotransfe-
rase — 78 U/L, creatine phosphokinase — 540 U/L,
creatine phosphokinase—MB — 55 U/l, C-reactive
protein — 138,8 mg/ 1. Blood glucose was 6,1 mmol/
1, creatinine — 95 umol/ 1, urea — 5,9 mmol/ 1. Lipid
profile was as follows: total cholesterol — 4,7 mmol/1,
triglycerides — 3 mmol/l, high—density lipoprotein
cholesterol — 0,4 mmol/l, low-density lipoprotein
cholesterol — 2,92 mmol/1; atherogenic coefficient —
10,7. Chest X-ray was without findings.
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According to clinical urine tests, relative den-
sity was 1,015, protein — 0,58 g/l, RBC — 87/ul,
WBC — 27/ul, transitional epithelium — 6/ul, granu-
lar casts — 3 U/ml.

The 44-year-old patient with metabolic syn-
drome against the background of chronic tonsil-
litis exacerbation developed a long-term chest pain,
similar to anginal, but not accompanied by typical
ECG changes and LV contractility disorders, but
combined with an increased troponin, studied in
dynamics. It is necessary to carry out a differen-
tial diagnosis between acute rheumatic fever (ARF)
(angina, arthralgia, systemic inflammatory response
syndrome, chest pain, which may be a manifesta-
tion of myopericarditis, which developed, however,
in the first days of the disease, which is not typical
for ARF), non-ST elevation ACS and acute myocar-
dial injury against the background of an infectious
process. To clarify the nature of kidney injury, addi-
tional examination was required.

Oropharyngeal and tonsillar swabs were posi-
tive for Streptococcus viridans and Staphylococcus
epidermidis. Antistreptolysin O antibodies were not
detected. The level of complement-C3 was 1,3 g/l
(normal range, 0,9-1,8 g/l). Venous blood circu-
lating immune complexes level was 14 U (normal
range, 50-80 U).

ECG on the second day of hospitalization
revealed sinus rhythm with a heart rate of 86 bpm.
There were no significant changes in comparison
with the ECG from the first day. Repeated echo-
cardiography 3 days after admission were without
dynamics.

Repeated urine tests on the third day of hospital-
ization revealed a relative density of 1,020, protein —
0,3 g/l, RBC — 138/ul, erythrocyte clots — 5/
ul, WBC — 19/ul, transitional epithelium — 4/ul,
hyaline casts — 2 U/ml. Parameters of urine analysis
on the 5™ day were normal. According to Nechipo-
renko’s test, WBC was 300 cells/ml, RBC — 675
cells/ml, casts — 10 U/ml. The daily protein loss was
0,95 g/1.

Kidney ultrasound revealed the following data:
renal parenchyma was homogeneous, echogenicity
was not changed, corticomedullary differentiation
was preserved. The pyelocaliceal complex was not
expanded. There were no concrements.

Thus, according to the diagnostic tests, data for
ARF were not obtained: from the major criteria,
the suspicion of myopericarditis was not confirmed,
which will be discussed in more detail below; minor
criteria — arthralgia, fever, increased C-reactive
protein were present, but group A [3-hemolytic strep-
tococcus and antistreptococcal antibodies was not
detected. There were no evidence in favor of acute
glomerulonephritis (no acute nephritic syndrome),
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Figure 1. ECG on admission to the cardiac intensive care unit.

normal complement values, rapid normalization of
urine parameters. Evidence in favor acute interstitial
nephritis (adequate diuresis, normal relative urine
density and creatinine levels, rapid normalization of
urinary sediment) was also absent. Transient changes
in urine tests fit into the picture of SIRS.

In connection with suspected non-ST-elevation
ACS in the patient with signs of metabolic syndrome
and cardiovascular risk factors, after normalization
of body temperature, coronary angiography was per-
formed, in which no changes were found.

To rule out myocarditis and ischemic myocardial
necrosis, on February 17, 2020, contrast-enhanced
cardiac magnetic resonance imaging (MRI) was per-
formed: ejection fraction was 69%, heart chambers
were not dilated, contractility was preserved, and no
local contractility disorders were detected. No MRI
signs of myocardial edema were found (Figure 2, 3).
On delayed post-contrast images, no pathological
accumulation of contrast agent in the LV myocar-
dium was detected. According to conclusion, MRI
evidence in favor of LV myocardial edema were not
obtained. Inflammatory and postischemic changes
were not detected.

Thus, after rolling out myocarditis and myocar-
dial infarction, the most likely explanation for the
increase in troponin was acute reversible myocardial
injury due to SIRS in the presence of severe bacterial
tonsillitis.

In the hospital, the patient received the follo-
wing therapy: amoxicillin + clavulanic acid, dual
antiplatelet therapy (before coronary angiography),
statins, -blockers, angiotensin-converting enzyme
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A B

Figure 2. Cardiac MRI, short axis. Myocardial perfusion (A), no
impaired perfusion areas and delayed contrasting (B), no areas of
contrast accumulatio.

inhibitors. With treatment, the patient’s condition
improved: there was no fever, chest pain did not
recur; shortness of breath, heart failure, and weak-
ness wan not established. Tonsillitis was resolving.
Complete blood count, C-reactive protein, and
transaminases returned to normal value by the 5™
day of hospitalization. At discharge, the patient was
recommended an additional examination for steato-
hepatitis, control of urine tests against a background
of fever to rule out Berger’s disease, and intake of
statins and antihypertensive drugs, as well as modifi-
cation of cardiovascular risk factors.

Discussion

The patient with severe chronic tonsillitis exa-
cerbation was admitted to the cardiac intensive care
unit with a diagnosis of non-ST-segment eleva-
tion ACS due to chest pain and elevated troponin.
The pain developed against the background of pro-
nounced arthralgia and intoxication, responded to
non-steroidal anti-inflammatory drugs, not nitrates.
It also lasted a long time (about 6 hours) and there
were no typical ECG changes and echocardiographic
local contractility disorders. Coronary angiography
showed no signs of atherosclerosis. According to the
results of cardiac MRI, no evidence was obtained in
favor of MI.

The assumption of ARF with myopericarditis was
not very convincing from the very beginning due to
the early pain onset (on the 3™ day of illness) and
subsequently was not confirmed by laboratory data.
There were no pericardial friction rub and no ECG
changes specific to pericarditis. Finally, no myo-
carditis was detected by contrast-enhanced cardiac
MRI. Thus, the pain could be explained by muscle
pain against the background of fever and an acute
infectious process.

Then the question remains, what was the reason
for the troponin turn observed in the patient? In
our opinion, this phenomenon can be explained by
acute myocardial injury against the background of
SIRS, which developed as a result of bacterial infec-

A B
Figure 3. Cardiac MRI, four-chamber view. Systolic (A) and
diastolic (B) phases, no areas of impaired contractility.

tion. The severity of SIRS, in addition to long-term
fever, neutrophilic leukocytosis and high C-reactive
protein, was also evidenced by urine changes and
increased transaminases upon admission.

As follows from recent European and Russian
literature, an increase in troponin levels does not
always indicate ACS and, in the absence of other
ischemia signs, may reflect acute or chronic myo-
cardial injury, which, in turn, develops for various
reasons [1].

Differential diagnosis of acute myocardial injury
and ACS can be difficult. In addition to troponins,
first of all, the presence of acute myocardial ische-
mia signs should be taken into account: clinical per-
formance, ECG alterations, areas of impaired local
myocardial contractility, and, of course, coronary
angiography data. In the case of coronary artery
thrombosis with pronounced atherosclerotic changes
according to angiography, as a rule, there are no
diagnostic problems, and type 1 MI is diagnosed.

In the absence of significant (>50%) coronary
artery changes and acute thrombosis, but with
ischemia signs and increased troponin, myocardial
infarction with nonobstructive coronary arteries
(MINOCA) is suspected. MINOCA is a working
diagnosis that requires a search for the cause of myo-
cardial infarction or disorders masking it: myocardi-
tis, takotsubo syndrome, etc. [2].

It should be borne in mind that one of MINOCA
causes may be a small plaque damage with the deve-
lopment of thrombosis, the signs of which, according
to coronary angiography, may be absent due to spon-
taneous thrombolysis. In this case, the diagnosis is
confirmed by intracoronary imaging methods. With
this data, a working diagnosis of MINOCA should
be transformed into a type 1 MI. Another variant of
MINOCA occurs when there are no significant athe-
rosclerotic changes and/or signs of thrombosis in the
suspected infarct-related artery, but ischemia can
be explained by an acute discrepancy between myo-
cardial oxygen demand and its delivery, arising, for
example, due to coronary artery spasm, arrhythmias,
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severe hypertensive crisis, etc. In this situation, the
final diagnosis will be type 2 MI [1].

It is far from always possible to immediately
establish the cause of MINOCA, given insufficiently
available intracoronary imaging methods. In this
case, the key diagnostic method is cardiac MRI,
which allows visualizing the area of ischemic necro-
sis in MI, including hemodynamically insignificant
atherosclerotic plaque, and also to rule out myo-
carditis and other causes of myocardial injury, for
example, Takotsubo syndrome, amyloidosis, sar-
coidosis, etc. [1, 2].

If there are no clinical symptoms of ACS and
no signs of ischemic injury according to ECG and
echocardiography, an increased troponins can be
explained by acute or chronic myocardial injury
that can occur with sepsis, end-stage chronic kidney
disease, severe respiratory failure, etc. [1]. Also, in
patients with COVID-19 and severe lung injury,
cases of acute myocardial injury have been described,
aggravating the prognosis of the disease [3].

In presented case, the patient had a bacterial
infection accompanied by SIRS. According to
experts, such a body response with sepsis and other
infectious processes can be an independent cause of
myocardial injury. As is known, the main mediators
of inflammation with a direct cytotoxic effect are
tumor necrosis factor alpha, interleukins 1 and 6,
which are present in large quantities in the blood of
patients with sepsis and other severe infections [4].
Increased blood troponin may be associated not only
with cardiomyocyte necrosis, accompanied by myo-
filament rupture, but also with the leakage of cyto-
solic troponin due to an increase in the sarcolemma

permeability associated with an action of endoto-
xins, cytokines, and also reactive oxygen species [5].

The issue of ischemic and non-ischemic myocar-
dial injury is relatively new for modern cardiology
and not all questions have been resolved by now. So,
for example, how sensitive is the MRI in detecting
acute ischemic myocardial injuries and their dif-
ferential diagnosis with myocarditis? So, according
to a number of authors, in 10-20% of patients with
MINOCA, no changes were found on cardiac MRI
[6]. Perhaps the timing of MRI is important [6].

Even less studied is the question of whether it is
possible to visualize myocardial injury in sepsis and
SIRS with the help of cardiac MRI? When is tropo-
nin elevated? What is the nature of this injury? In the
study by Siddiqui Y, et al. (2013), group of patients
with elevated troponin I on the background of sepsis
or SIRS was studied, authors found an increased T2
relaxation time of the epicardium, which indicates
a nonischemic reversible mechanism of myocardial
injury due to inflammation or the development of
tissue acidosis [7]. Similar results were obtained by
Takasu O, et al. (2013) during analysis of the hearts
of deceased patients with sepsis. The authors found
that “septic hearts” did not have signs of irreversible
acute injury and cell death, i.e., signs of necrosis, but
there was focal potentially reversible damage to car-
diomyocyte mitochondria [8].

Thus, the issues of differential diagnosis of ACS
and acute myocardial injury, as well as the mecha-
nisms of the latter, including with a SIRS, require
further study.

Relationships and Activities: none.
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Atrial cardiomyopathy (ACM) is a relatively common but
clinically underestimated disorder, which is characterized
by an increased atrial size and dysfunction. Previously, ACM
was considered a primary disorder, but in 2016 this concept
was revised by European Heart Rhythm Association (EHRA)
working group with inclusion of secondary atrial remodeling.
The EHRA document details aspects of atrial anatomy and
pathophysiology, proposes definitions of ACM, histological
classification, outlines the molecular mechanisms of atrial
arrhythmia and the problems of personalized treatment and
optimization of indications for catheter ablation.

Practical application of the proposed ACM classification
system, the clinical significance of novel ACM concept and
the potential role of this information for a practitioner are
presented in this article. Two clinical cases of ACM with “pri-
mary” (familial form of ACM due to NPPA gene mutation with
primary defect in atrial structure and function) and “secon-
dary” atrial remodeling (ACM caused by a long-term supra-
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In recent years, the structural and electrome-
chanical atrial abnormalities as markers of unfavo-
rable clinical prognosis in various groups of patients
with cardiovascular diseases has been actively stu-
died. The issues of atrial cardiomyopathy are today
the subject of scholarly discussion. However, the fact
that atrial cardiomyopathy (ACM) is a fairly com-
mon, but still clinically underestimated pathology, is
beyond doubt by most researchers.

The first report of a familial fibrotic ACM
(FACM) was provided by Williams D, et al. (1972)
during long-term follow-up of family members with
atrial ectopic beats and atrioventricular (AV) block,
when three out of five brothers and sisters had
progressive symptoms of chrono-, dromo- and ino-
tropic atrial dysfunction [1]. Later, many resear-
chers reported on histopathological changes in the
atria (inflammation, interstitial or focal fibrosis)
that were observed in patients with atrial fibril-
lation (AF) in the absence of structural causes of
arrhythmia, such as valvular heart disease or heart
failure (HF) [2, 3]. Kottkamp H, et al. (2012) for
the first time defined FACM as an independent
and progressive ACM with atrial fibrotic lesion,
which cannot be caused by age, heart disease, or
the presence of atrial fibrillation [4]. The authors
suggested that a specific form of FACM is a com-
mon pathological manifestation of all AF types,
but is caused by a primary process in atrial myo-
cytes, regardless of arrhythmia. In 2016, experts of
the European Heart Rhythm Association (EHRA),
the Heart Rhythm Society (HRS), the Asia-Pacific
Heart Rhythm Society (APHRS) and the Latin
American Society of Cardiac Pacing and Electro-
physiology (SOLAECE) proposed new definitions
of ACM as any complex of structural, contractile or
electrophysiological abnormalities affecting the atria
and contributing to the clinically significant mani-
festations [5]. This definition resembles the concept
of arrhythmogenic atrial remodeling, defined as any
change in the structure or function of the atria that
contributes to atrial arrhythmias [6]. However, a new
element of ACM definitions reflects a potentially
important position — the adverse consequences of
atrial electromechanical disturbances may be com-
pletely independent of atrial arrhythmias. This is a
very important aspect, emphasizing the fact that the
risk of cerebral thromboembolic events (CTEs) in
the presence of ACM may not depend on the onset/
development of AF. The second difference is that the
terminological subtext of atrial remodeling includes
the assumption that the atria were normal before
they were exposed to any external influences. Thus,
ACM can be caused by primary processes in the
atria — structural, electrical and functional disorders
characteristic of some genetic diseases (for example,

due to MYL4 or NPPA gene mutations) [7, 8]), as
well as secondary arrhythmogenic changes caused
by isolated AF and other risk factors for AF causing
structural myocardial remodeling [9, 10].

ACM — orphan or common disorder?

It is known that many diseases (hypertension
valvular heart disease, heart failure, diabetes, myo-
carditis) or conditions (aging, smoking, obesity,
metabolic disorders) cause or contribute to the
development of ACM [11]. However, changes in
the atria caused by these diseases are not specific for
ACM — the localization, prevalence and degree of
pathological atrial remodeling depend on the dura-
tion and severity of disease, on the modification of
many other concomitant factors that cause signifi-
cant individual differences. The progression of the
remodeling substrate depends on many factors that
influence the cardiomyocyte reaction in response
to electrical, mechanical, hemodynamic, and meta-
bolic stress. Some components of atrial remodeling
are reversible (adaptive), while others are permanent
(maladaptive). The progression of atrial injury due
to underlying heart disease is a major pathogenic
factor. Recent studies have demonstrated the effec-
tiveness of AF prevention by successful management
of such modifiable risk factors as obstructive sleep
apnea syndrome, obesity, hypertension (HTN),
hyperglycemia and dyslipidemia [12-15]. Elimina-
tion of these abnormalities contributed to the pre-
vention of further atrial damage, and conversely,
additional risk factors was associated with recurrence
and persistence of AF with progression of the patho-
logical substrate, which supports the Wijffels-Allessie
postulate that AF begets AF [16].

However, in addition to the fact that some patho-
logical processes can affect the atria very selectively
(for example, AF-related remodeling), there are
other less specific mechanisms that cause changes
not only in the atria, but also in the ventricles to a
greater or lesser extent (primary cardiomyopathies,
HTN, muscular dystrophies (MD), amyloidosis,
myocarditis) [17].

Thus, ACM is associated with a variety of causes
that contribute to pathological atrial remodeling.
The most common causes are isolated AF, HF,
HTN, myocarditis, valvular heart disease, diabetes,
obesity, amyloidosis, hereditary MD. The main etio-
logical, clinical and morphometric features of atrial
remodeling leading to electromechanical dysfunc-
tion and ACM are presented in Table 1 [5].

In 2016, experts of the EHRA/HRS/APHRS/
SOLAECE working group developed a consen-
sus document with a detailed presentation of atrial
anatomy, physiology and pathology, definitions
with histological classification of ACM, molecular
mechanisms affecting the development of arrhyth-
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mias, imaging and mapping methods, where they
also identified problematic issues of persona-
lized treatment and optimization of indications for
catheter ablation. The authors proposed a histo-
logical (pathophysiological) classification using the
EHRAS abbreviation (E — EHRA, HR — HRS,
A — APHRS, S — SOLEACE) to define 4 classes of
ACM [1]: I — primarily cardiomyocyte-dependent;
II — primarily fibroblast-dependent; III — mixed
cardiomyocyte-fibroblast-dependent; IV — prima-
rily non-collagen deposits (Table 2) [5].

This simple classification reflects the dominant
morphological pathology in various clinical and
pathophysiological situations. These EHRAS classes
correspond to their histopathological characteristics.
However, at least two problems limit the applica-
tion of this classification in clinical practice. First,
the system is based on histological interpretation,
requiring analysis of atrial tissue samples for verifi-
cation, which in most cases is technically impossible.
Second, there is significant overlap between EHRAS
classes within almost every etiological category of
ACM (Table 1). For example, the histopathologi-
cal characterization of valvular heart disease can have
features of all four classes; pathomorphological signs
of HTN, diabetes and MD will overlap within three
classes. Only atrial amyloidosis will be in one class
(class IV). While class I is often seen in patients with
hereditary AF and diabetes, class 11 is characteristic of
atrial remodeling with aging and smoking (Table 1). In
patients with HF, the remodeling type corresponds
to class III or II, while class IV is often observed in
isolated atrial lesions [5].

Clinical application of a novel concept with a long
history

At first glance, the ACM classification seems
to be not suitable for a practitioner, since for most
patients it is impossible to unambiguously determine
the EHRAS class without histopathological assess-
ment. But even if the patient’s phenotype is unam-
biguously assigned to a certain I or IV class, it is not
fully clear what to do in the future and how to use
this information correctly.

However, considering all of the listed ACM
classes have one common feature (electromechani-
cal atrial dysfunction caused by structural, mechani-
cal and electrical remodeling) and these changes
most often lead to AF [5-7], which is associated with
an increased risk of thromboembolic events (TEE),
decompensated HF and mortality due to stroke
[11, 13-20], it is quite expected that the analysis of
ACM etiology, assessment of atrial hemodynamic
parameters (speckle tracking, tissue Doppler ima-
ging), macroscopic determination of atrial fibrosis
degree using contract-enhanced magnetic resonance

imaging (MRI) and the identification of patient pro-
coagulant status will have important prognostic and
therapeutic value.

Figure 1 shows the main thromboembolic risk
factors that are used for risk stratification in patients
with AF before oral anticoagulant (OAC) therapy.

Today, the CHA DS -VASc score is widely used
in practice, including predictors (HF, HTN, age
from 65 to 74 years, age 75 years and older, female
sex, diabetes, prior stroke or transient ischemic
attack, TEE, vascular diseases), which determine
the decision to use OAC therapy in accordance with
generally accepted guidelines [20, 21]. It is known
that all these predictors of TEE are also independent
risk factors and the main causes of ACM. Logically,
clinicians do not make clinical decisions about pre-
scribing OAC therapy on the basis of AF as such, but
rather taking into account concomitant conditions
and diseases associated, including with ACM.

This hypothesis is supported by the results of
studies showing the absence of absolute synchro-
nization of episodes of AF and stroke [21-25]. The
authors’ conclusions that ACM is an independent
risk factor for cerebral TEE contradict the classical
scenario of stroke due to embolization by thrombi
from the left atrial (LA) appendage. The ASSERT
study revealed that AF were observed within 30 days
before stroke in only 8% of patients, and in 16% of
patients with cerebral TEE, paroxysmal AF deve-
loped after cerebrovascular accident, while in 49%,
subclinical episodes of AF were not observed [24,
25]. The absence of a temporal relationship between
the AF and cerebral TEE was also demonstrated in
the IMPACT study [26]. One of the possible explana-
tions for this phenomenon is the structural mecha-
nisms of atrial remodeling with inotropic and endo-
thelial atrial dysfunction, which increases the risk of
stroke even without AF. The well-known diseases
with a predominant atrial lesion (cardiac amyloido-
sis and Fabry disease) associated with an increased
risk of TEE, including stroke, which are caused
by serious atrial contractile dysfunction, confirm
the direct association between ACM and cerebral
TEE [27]. Mutations in the MYL4 gene also cause
ACM with severe atrial contractile dysfunction [7-9]
and a high risk of stroke [8§]. ACM with an auto-
somal recessive inheritance has been well studied
in patients with a homozygous NPPA gene muta-
tion (p.Argl50GlIn), leading to structural damage to
atrial natriuretic peptide (ANP) [28]. The phenotype
is characterized by significant biatrial dilatation,
supraventricular arrhythmias with progressive loss
of sinus and atrial electrical activity with stable nor-
mal left ventricular (LV) contractile function. These
patients often require pacemaker implantation and
long-term anticoagulant therapy due to the high risk

45



Russian Journal of Cardiology 2020; 25 (11)

Table 1
Etiology, structure and characteristics of the main ACM phenotypes
Etiological category Clinical and/or morphometric features of atrial remodeling EHRAS
of ACM class
AF (isolated) Atrial morphometry in longstanding persistent AF: cardiomyocyte hypertrophy, myocytolysis, [, 11, 1
interstitial fibrosis, and decreased expression of connexin-43
Obesity An increase in body mass index per unit is associated with an increased risk of AF by 3,5-5,3% I, IV
HF HF-related phenotype is characterized by the early development of atrial fibrosis. Remodeling I, 1, 1V
components (ionic current changes, connexin), in contrast to AF-induced remodeling,
are not accompanied by a decrease in the action potential and slow conduction
Valvular heart Mitral stenosis and/or insufficiency, aortic stenosis are associated with structural atrial I, 11 1 1V
disease remodeling and a tendency to AF
Myocarditis AF in about 30% of cases is part of the clinical picture of myocarditis I, v
Obstructive sleep  Adverse effect on conduction (slowing atrial conduction) with increased susceptibility to AF I, 1l
apnea
Diabetes Diabetes is an independent risk factor for the development and progression of AF I, 1, IV
HTN HTN is associated with left atrial enlargement and ECG P-wave changes, which are predictors 1, 11, 11
of AF risk
Aging Conduction abnormalities, increased refractory period due to atrial fibrosis Il
Mutations in the Phenotype of biatrial dilatation with atrial ectopia and AF (Arg150GIn mutation in the NPPA gene). I, I, IlI
NPPA gene Association of NPPA variants (S64R and A117V) with AF
Isolated atrial The most common type of age-related amyloidosis, which is limited to atrial involvement 1Y
amyloidosis
Genetic Combined heterozygous mutations in the sodium channel protein type 5 subunit alpha (SCN5A) |
repolarization and connexin-40 (GJA5S) genes. Mutations in potassium channel subunits (KCNQ1, KCNH2,
disorders KCND3, and KCNE5) and loss-of-function mutation in the SCN5A gene have been identified
in patients with AF. Gain-of-function mutations in the KCNJ8 gene are associated with AF
and early repolarization
Drug-induced atrial — Bisphosphonates (alendronate, zoledronic acid) [0, 00 1V

fibrillation — Inotropic agents (dopamine, dobutamine, dopexamine, arbutamine, enoximone, milrinone,

levosimendan)

— Vasodilators (isosorbide, losartan, flosequinan)

— Acetylcholine and anticholinergics (atropine)

— Diuretics (thiazides)

— Sympathomimetics (pseudoephedrine, albuterol, salbutamol, salmeterol)

— Xanthines (aminophylline, theophylline)

— Anticonvulsants (lacosamide, paliperidone)

— Antidepressants (fluoxetine, tranylcypromine)

— Anti-migraine drugs (ondansetron, sumatriptan)

— Antipsychotic agents (clozapine, loxapine, olanzapine)

— Cholinomimetics (physostigmine, donepezil)

— Dopamine agonists (apomorphine)

— Anthracyclines (doxorubicin, mitoxantrone)

— Antimetabolites (capecitabine, 5-fluorouracil, gemcitabine)

— Tyrosine kinase (cetuximab, sorafenib, sunitinib) and topoisomerase (amsacrine, etoposide)
inhibitors

— Monoclonal antibodies (alemtuzumab, bevacizumab, rituximab, trastuzumab)

— Cytokines and immunomodulatory drugs (azathioprine, interferon-gamma, interleukin-2,
lenalidomide)

— Drugs for erectile dysfunction treatment (sildenafil, tadalafil, vardenafil)

— Anabolic androgenic steroids

Hereditary MD With hereditary MD, caused by degeneration of myocytes with fatty or fibrous replacement, 1, 11, 10, 1V
the heart is involved in the pathological process:
— Duchenne MD and Becker MD (DCM, dystrophin gene);
— Type 1 myotonic dystrophy (conduction defects, DMPK gene);
— Emery-Dreifuss MD (DCM with conduction defects, emerin and lamin A/C genes);
— Limb-girdle MD (DCM with conduction defects, lamin A/C and sarcoglycan genes)

Abbreviations: DCM — dilated cardiomyopathy, MD — muscular dystrophy, ACM — atrial cardiomyopathy, HF — heart failure, AF — atrial
fibrillation, ECG — electrocardiography.
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Table 2

EHRAS classification of ACM

EHRAS classes

|. Primarily cardiomyocyte-dependent
(AF, diabetes, K- and Na-channel-
related genetic disorders).

II. Primarily fibroblast-dependent
(aging, smoking).

lll. Mixed cardiomyocyte-fibroblast-
dependent (HF, valve defects).

IV. Primarily non-collagen
deposits (amyloid deposits,
glycosphingolipids, granulomas and
inflammatory infiltrates).

Scheme of atrial substrate

Histological characteristics

Morphological changes in cardiomyocytes
(hypertrophy, myocytolysis); without fibrosis
and interstitial changes.

Mostly fibrotic changes; cardiomyocytes are
not changed.

Combination of cardiomyocyte (hypertrophy,
myocytolysis) and fibrotic changes.

Alteration of interstitial matrix without
prominent collagen fibre accumulation:
IVa — accumulation of amyloid

IVf — fatty infiltration

IVi — inflammatory cells

IVo — other interstitial alterations.

Abbreviations: ACM — atrial cardiomyopathy, HF — heart failure, AF — atrial fibrillation.

of TEE. Dilation and structural changes (fibrosis) of
the atria are associated with the loss of ANP antihy-
pertrophic effect [28].

The study of the potential causes of ACM, a
better understanding of the pathogenesis and inter-
relationships of arrhythmogenic conditions with the
atrial anatomy, structure and function may already
be in demand today for predicting unfavorable out-
comes and preventing cerebral TEE in patients with
AF. For this, it is necessary to develop clinical tools
for conducting the research, which will determine
the practical and predictive value of ACM concept.
The search for clinical tools and tactics for ACM
treatment is presented below on two case reports: 1)
a case of familial ACM due to mutation in the NPPA
gene, causing a “primary” genetic defect in the atrial
structure and function, and 2) a case of “secon-
dary” atrial remodeling, associated with a long-term
arrhythmic factor — supraventricular (SV) tachyar-
rhythmia, including AF associated with a SCNIB
gene mutation.

Case report 1

Female patient, born in 1993, first consulted a
cardiologist in 2019 with complaints of heart palpi-
tations and shortness of breath with brisk walking.

|

Aging
(over Atrial Heart
75 years old) cardiomyopathy failure

=0

Valvular
heart disease ‘ Diabetes
Vascular )
diseases Hypertension
Figure 1. Schematic representation of the main risk factors for

stroke (risk factors are included in the CHADS, and CHA, DS -VASc
scores and coincide with risk factors and causes of ACM).
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Cardiac examination was initiated by a gynecologist
as a search for disorders of the patient’s reproductive
system.

As a result of electrocardiography (ECG), the
following data were obtained: sinus rhythm with
a heart rate (HR) of 73 bpm and first-degree AV
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Figure 2. Representative fragments of ECG, HM, pre- and post-contrast MRI, x-ray signs of biatrial cardiomegaly in proband (case 1):
A) abnormal ECG: wide and biphasic P wave with signs of interatrial block and biatrial dilatation, fragmentated QRS; B) speckle-tracking
echocardiography of LA; C) signs of a significant decrease in peak atrial longitudinal strain (9,8%); D) X-ray signs of biatrial cardiomegaly;
E) MRI movie in a 4-chamber view along the long axis in late diastolic phase with signs of pronounced biatrial dilatation; F) accumulation
of contrast agent in the walls of both atria and interatrial septum during the delayed phase of MRI scanning (zones of atrial fibrosis are
indicated by arrows); G) increased integral area of terminal P wave activity to 0,168 mm*s (negative component of the P wave [P-V1=1,4
mmx0,12 s=0,168 mm*s); H) increased duration of the abnormal P wave to 160 ms in lll; biphasic P-waves in |, Il, lll, aVL; duration of 100 ms
between two peaks of the biphasic P wave in aVL,; I) six-axis system (I — 0°, Il — +60°, aVF — +90°, aVR — -150°, aVL — -30°), representing
the normal P wave axis (0-75°); the abnormal P wave axis on the ECG of the proband is equal to +80°; K) HM fragment with an episode of
unstable atrial tachycardia and postectopic depression of the sinus node function with escaping/replacing ectopic atrial rhythm.
Abbreviations: LV — left ventricle, LA — left atrium, RA — right atrium.
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block (PQ interval, 210 ms), signs of biatrial dilata-
tion with third-degree interatrial block (Figure 2 A),
counterclockwise rotation of the electrical axis in the
frontal plane (qR in I and aVL), signs of incomplete
right bundle branch block.

Echocardiography revealed severe biatrial dila-
tation without a decrease in the venricular systolic
function: LA anteroposterior dimension — 44/68
mm, LA volume indexed to body surface area
(BSA) — 73,5 ml/m?; right atrial (RA) anteropos-
terior dimension — 47/68 mm, RA volume — 129
ml, RA volume index (RAVI) — 74 ml/m* LV
end-diastolic dimension — 42 mm, LV end-systolic
dimension — 31 mm, LV end-diastolic volume — 83
ml, LV end-systolic volume — 36 ml, LV ejection
fraction (EF) — 56%, LV mass index — 85,7 g/
m?, grade 1-2 mitral regurgitation; right ventricular
(RV) fractional area change — 41%, TAPSE — 14
mm, grade 2 tricuspid regurgitation, volume and
gradient of tricuspid regurgitation — 18 ml and 30
mm Hg, respectively; pulmonary artery pressure
(mean/systolic) — 32,5/50 mm Hg. The patient had
signs of a slight local contractility decrease in the
basal and middle anteroseptal LV segments (GLS=
-14,9%) and restrictive LV diastolic dysfunction:
early diastolic transmitral flow velocity — 0,87 m/s,
late diastolic transmitral flow velocity (A) — 0,29
m/s, E/A ratio — 3; deceleration time of early fil-
ling (DT) — 105 ms; annular early diastolic velo-
city (¢') — 12 cm/s; E/e’ ratio — 7,25. To analyze
the atrial systolic function using the tissue speckle-
tracking echocardiography, a quantitative assessment
of longitudinal strain rate and atrial systolic dyna-
mics was carried out. LA peak systolic strain was
9,8% (reference values — 53,1+12,0%), peak systolic
strain rate — 0,3 s-1 with reference values of 1,7+0,3
s-1 (Figure 2 B, C).

Signs of biatrial cardiomegaly were revealed by
chest x-ray (Figure 2 D). Pronounced atrial dilation
with normal ventricular contractile function (LVEF,
72%, RV ejection fraction, 64%) were confirmed by
cardiac MRI: longitudinal-transverse dimensions
of LA (3,8/3,4 cm/m’) and RA (4,0/3,5 cm/m?)
indexed to BSA (Figure 2 E). When assessing the
pre- and post-contrast cardiac, no signs of edema
and criteria for accumulation diseases were revealed.
The tissue characteristics of LV and RV myocardium
were without abnormalities. The accumulation of
contrast agent (sign of fibrosis) was found in the
walls of both atria (50% of the RA, 30% of the LA)
and in the interatrial septum during the delayed
phase (Figure 2 F).

Holter monitoring (HM) recorded SV premature
contractions (ectopic index, 9-17% per day) — iso-
lated, coupled and group with postectopic suppres-
sion of the sinoatrial node and escaping contractions

(Figure 2 J). The mean 24-hour heart rate did not
exceed 65-67 bpm. Episodes of intermittent first-
degree AV block (PQ, 210-270 ms) and transient
changes in the terminal part of ventricular complex
(ST-T depression) were recorded. No hypoplastic
and other abnormalities of the coronary system were
found.

Thus, the patient showed signs of pronounced
structural atrial remodeling (significant LA and RA
dilatation and fibrosis), electromechanical atrial dys-
function with Bayes syndrome [29] (third-degree
interatrial block and supraventricular arrhythmia):
the duration of the P wave was 160 ms (normal to
120 ms); biphasic P wave, visualized in all leads,
with a maximum duration of 100 ms between two
P peaks in aVL (Figure 2 H); the duration of the
terminal negative phase of the P wave in V1 was 120
ms (0,12 s), the amplitude — 1,4 mm. The integral
area of terminal P wave activity was 0,168 mm¥*s:
the negative component of the P wave [P =14
mmx0,12 s=0,168 mm*s (Figure 2 G), which is a
significant deviation, indicating LA dilatation. Nor-
mally, the integral area of the negative P wave does
not exceed 0,04 mm®*s. P-wave axis was +80° as
shown in Figure 2 I and, normally the angle of the P
axis varies from 0° to 75°.

In the patient’s blood plasma, an increase in the
level of myocardial stress biomarker NT-proBNP
(N-terminal pro-brain natriuretic peptide) up to 326
pg/ml and a decrease in the level of pro atrial natri-
uretic peptide — 0,67 nmol/ml.

Taking into account the presence of electro-
mechanical dysfunction of significantly dilated
atria with signs of ACM (differential diagnosis with
restrictive cardiomyopathy) and burdened heredity
(recurrent cerebral TEE in the mother from 45 years
of age and development of heart failure with AF and
fatal stroke at the age of 49), family cascade scre-
ening and genetic testing was performed.

Genotyping of proband (II:1) and family mem-
bers available for examination was carried out in
accordance with the Declaration of Helsinki. The
patients signed written informed consent. Sequence
analysis of 174 genes of the target panel (NGS) in
the patient revealed two variants of unknown clini-
cal significance were identified and confirmed by
Sanger sequencing: ¢.G448A (rs762850913) in the
2" exon of the teletonin gene (7CAP) and c.G455A
(rs755829943 ) in the 3™ exon of the atrial natriuretic
peptide (NPPA) gene. Carriage of an identical muta-
tion in the NPPA gene with a similar phenotype of
biatrial dilatation and Bayes syndrome was found in
the half-brother of the proband — a positive result of
the genotype-phenotype segregation. Typical ECG,
echocardiography and MRI signs of ACM in the
proband’s brother are shown in Figure 3. The family
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Figure 3. Representative fragments of ECG, echocardiography and MRI of a relative of proband (case 1), pedigree of family, results
of NPPA sequencing, TCAP genes and diagnoses in the MOGE(S) classification:

A) 12-lead ECG of the proband’s brother with an extended and biphasic P wave in II, lll, aVF; B) signs of predominant LA dilatation
according to echocardiography; C) LA according to speckle tracking echocardiography: signs of a slight decrease in peak atrial
longitudinal strain (22,4%); D) MRI movie in a 4-chamber view along the long axis in late diastolic phase with signs of pronounced LA
dilatation; E) postcontrast T1-weighted MRl image in a two-chamber view along the short axis demonstrates normal LV and RV dimensions
without signs of delayed accumulation of contrast and signs of increased LV trabecularity (without criteria for myocardial non-compaction)
in the proband’s brother; F) family tree and results of sequencing of NPPA and TCAP genes in family members and diagnoses according
to the MOGE(S) classification.

Abbreviations: LV — left ventricle, LA — left atrium, RA — right atrium.
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tree, the results of Sequence analysis of the 2™ exon
of the TCAP gene, the 3™ exon of NPPA gene in
members of the proband’s family and the clinical
diagnosis in the MOGE (S) classification are shown
in Figure 3 F.

The NPPA gene encodes the synthesis of atrial
natriuretic peptide (ANP), which plays a key role
in maintaining homeostasis by regulating the natri-
uresis, diuresis and vasodilation. Along with the
regulation of intravascular volume and vascular tone,
it takes part in modifying the ion channels and helps
prevent atrial electrical remodeling [28]. ANP also
participates in the development and onset of preg-
nancy, promoting trophoblast invasion and remod-
eling of the uterine spiral artery. NPPA gene muta-
tions, leading to a decrease in the ANP level, disrupt
all of these mechanisms. /n vivo models (knockout
mice) with long-term exposure to low ANP levels
resulted in damage to myocytes with the develop-
ment of extensive fibrotic areas and significant atrial
dilatation [30].

In the presented case, the proband had severe
manifestations of NPPA mutation — atrial cardiomy-
opathy with severe dilatation and biatrial fibrosis, SV
arrhythmia and reproductive dysfunction (without
anatomical, hormonal, immunological, endocrine
and other causes). Taking into account the genetic
status, low systolic function of significantly dilated
atria, endothelial atrial dysfunction with prothrom-
botic changes (increased von Willebrand factor level)
and increased HF signs (mild contractile and severe
LV diastolic dysfunction, CHA,DS,-VASc score of
2), the patient was prescribed OACs together with
HF therapy.

Case report 2

Male patient, born in 1965, without concomitant
hypertension, coronary artery disease, diabetes and
obesity, without a history of bad habits. From the
age of 30, the patient had asymptomatic SV arrhyth-
mias (moderate sinus bradycardia with escape atrial
and junctional beats, SV premature beats) and grade
2 mitral valve prolapse. Symptomatic arrhythmias in
the form of paroxysmal AF appeared at the age of
53, and in 2019 the patient sought medical help with
complaints of rapidly developing resistance to the
“pill-in-the-pocket” strategy with the use of class 1C
antiarrhythmic agents and to parenteral antiarrhyth-
mic drugs with the need for repeated electrical car-
dioversion. Examination of the patient for the first
time (at the age of 54) revealed signs of LA dilatation
with impaired atrial systolic dynamics and electrical
(Bayes syndrome) criteria for LA remodeling, char-
acteristic of ACM.

The ECG admission showed a sinus rhythm with
a heart rate of 82 bpm, first-degree AV block (PQ

interval, 240 ms), signs of LA dilation with third-
degree interatrial (Figure 4 A) and the biphasic P
wave duration in I, II, III, aVF >195 ms, left axis
deviation, terminal negative P wave integral in V1
was 0,144 mm*s (P negative amplitude — -1,2 mm,
duration — 0,11 s).

Holter monitoring revealed episodes of first-
degree AV block and transient right bundle branch
block, episodes of stable and unstable junctional
rhythm against the background of moderate chrono-
tropic sinus node dysfunction, multifocal atrial ecto-
pic activity (ectopic index — 30-45% per day) — iso-
lated, coupled, and group SV premature beats with
episodes of atrial Galavardin’s tachycardia (Figure 4
B) and unstable paroxysmal AF (Figure 4 C).

Echocardiography revealed signs of significant
LA dilatation (Figure 4 D): LA anteroposterior
dimension — 50/55 mm, LA volume indexed to
BSA — 57 ml/m’; RA anteroposterior dimension —
40/47 mm, RAVI — 28 ml/m?* LV end-diastolic
dimension — 58 mm, LV end-systolic diameter — 39
mm, LV end-diastolic volume — 156 ml, LV end-
systolic volume — 70 ml, LV volume index — 91 ml/
m?, LV mass index — 98,3 g/m?, grade 2 mitral valve
prolapse with grade 2-3 mitral regurgitation; RV
fractional area change — 47%, TAPSE — 22 mm,
grade 1 tricuspid regurgitation; pulmonary artery
pressure (mean/systolic) — 17/25 mm Hg; no local
and global ventricular myocardial contractility disor-
ders were detected (GLS — -17,6%, LVEF — 56%),
moderate LV diastolic dysfunction: E — 0,64 m/s,
A — 0,29 m/s, E/A ratio =2,21; DT — 231 ms; e' —
16 cm/s; E/e’ ratio =4. A quantitative assessment
of longitudinal strain and atrial systolic dynamics
(Figure 4 D, E, F, G) revealed a decrease in LA
contractile function: LA peak systolic strain was
11% (reference values — 53,1+12,0%), peak systolic
strain rate — 0,7 s™".

According to MRI, atrial dilation was revealed,
mainly the LA (Figure 4 H, I): longitudinal-trans-
verse dimensions of LA (3,7/3,5 cm/m?’) and RA
(3,4/2,9 cm/m’) indexed to BSA. No contrast
agent accumulation in the ventricles and atria was
detected. The myocardial tissue characteristics, local
and global ventricular contractility (LVEF, 58%,
RVEF, 69%) were normal.

According to selective angiography, atheroscle-
rotic coronary lesions and right coronary artery
hypoplasia were not found.

Given the low efficiency of non-invasive inter-
ventions to control the rhythm and the presence
of structural and electromechanical signs of ACM,
endocardial pulmonary vein radiofrequency abla-
tion (RFA) was considered. Before RFA, a trans-
esophageal echocardiography was performed: there
were no signs of LA appendage thrombi, but there
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Figure 4. Representative ECG and HM fragments with signs of Bayes syndrome, echocardiographic and MRI features characteristic of
ACM in proband (case 2): A) 12-lead ECG with an extended and biphasic P wave in |, Il, lll, aVF; with an increased terminal negative P wave
integral in V1 to 0,144 mm*s; B) HM fragment with recurrent atrial tachycardia; C) HM fragment with paroxysmal AF; (D, E, F, G) signs of
predominant LA dilatation with decreased systolic peak longitudinal strain of LA free wall according to speckle-tracking echocardiography;
H) MRI movie along the long axis in 4-chamber view in late atrial systolic and atrial diastolic phases (1) with signs of LA dilatation.

Abbreviation: LA — left atrium.

was a pronounced (grade 3) spontaneous contrast-
ing; LA appendage area was 7,8 cm’, peak blood
flow velocity — 0,47 m/s. Frequency and rhythm
control following a successful invasive procedure

was achieved with a prophylactic dose of a beta-
blocker. Taking into account the CHA_ DS _-VASc
score of 2 and increased von Willebrand factor, a
history of varicose veins and recurrent lower limb
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Table 3
Comparative characteristics of echocardiographic,
ECG and laboratory biomarkers in patients with EHRAS type | and 11l ACM
Parameter Proband N. Family member Proband S.
(NPPA) (NPPA) (SCN1B)
Diastolic echocardiographic parameters of transmitral hemodynamics
Early diastolic transmitral flow velocity (E), m/s 0,87 0,72 0,64
Late diastolic transmitral flow velocity (A), m/s 0,29 0,37 0,24
E/A ratio (normal range <2) 3 1,95 2,21
Deceleration time of early filling, ms 105 146 231
Septal annular early diastolic velocity (e’), cm/s (normal range <7 cm/s) 12 9 16
Lateral annular early diastolic velocity ('), cm/s (normal range, 10 cm/c) 14 9 20
E/e’ ratio (normal range <14) 6,7 8 4
RA volume index, ml/m? (normal range <34 ml/m?) 73,5 44 57
LA volume index, ml/m?(normal range <34 ml/m?) 74 32 28
Speckle-tracking echocardiographic data
Global longitudinal strain, -% (normal range, -21,5+2,1%) -14,9 -17,2 -18,1
LA peak systolic strain rate, s-1 (normal range, 1,7+0,3 s-1) 0,2 0,9 0,5
LA peak systolic strain, % (normal range 53+12%) 9,8 22,4 10,1
ECG signs of LA dilation and interatrial block (Bayes syndrome)
PQ interval, ms 210 180 240
Biphasic P wave duration P, ms 180 135 195
P-wave axis, degree (normal range 0-75°) 80 -30 -33
Terminal negative P wave integral, mm*s (normal range <0,04 mm*s) 0,158 0,088 0,144
Biomarkers of myocardial stress and endothelial dysfunction
NT-proBNP, pg/ml (normal range <125 pg/ml) 326 107 115
proANP, nmol/ml (normal range, 1,1-2,0 nmol/ml) 0,67 0,84 S
Von Willebrand factor, IU/dl (50-150 IU/dI) 165 179
CHA,DS,-VASc score 2 0 2

Abbreviations: LA — left atrium, RA — right atrium, ECG — electrocardiogram.

venous thromboembolism, the patient underwent
endovenous laser coagulation of great saphenous
vein branches and was prescribed prophylactic
OAC therapy.

Due to presence of familial ACM with arrhyth-
mia (positive family history: in maternal grand-
mother, sinus node dysfunction with implantation
of pacemaker, AF, LA dilation and dysfunction,
arrhythmias and fatal stroke in a grandmother at the
age of 50), a family cascade screening and genetic
testing were performed.

Genotype test of proband (II: 1) and family
members available for examination was carried out
in accordance with the Declaration of Helsinki. All
patients signed written informed consent. Sequence
analysis of 174 genes of the target panel (NGS)
in the patient revealed c.C35A variant (p.Al2E,
NM_001037) in the first exon of the SCNIB gene.
An identical mutation was found in the mother of
the proband. The SCNIB gene encodes the sodium

channel beta-1 subunit. Mutations in this gene are
associated with cardiac arrhythmias (AF that were
observed in the family of proband.

Thus, in clinical practice, it is extremely impor-
tant to take into account the possible etiological
factors of ACM, since the causes of ACM can
have clear diagnostic, prognostic and therapeu-
tic consequences. For example, mutations in the
MYL4 and NPPA genes lead to specific ACM —
rapidly progressive, with chrono-, dromo- and
inotropic atrial dysfunction, with a high risk of
AF, cerebral TEE and the need for OAC therapy
or pacing [6-9, 28].

Comparative characteristics of atrial electrome-
chanical dysfunction, parameters of LV diastolic
and contractile function, laboratory biomarkers in
family members of proband with EHRAS class 111
ACM (NPPA mutation carriers) and a patient with
EHRAS class I ACM (SCNBI mutation carrier) are
presented in Table 3.
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Etiological factors
Aging,
Genetic AF-induced Ventricular Infiltrative diseases Endocrine Valvular heart Drug toxicity Inherited smoking,
causes remodeling dysfunction (amyloidosis, pathology disease (chemotherapy) muscular obesity,
(NPPN, (HF, CMP, granulomas) (diabetes, (MV stenosis, dystrophies hypertension,
MYL4) myocarditis) hypertyrosis) AV stenosis) obstructive
sleep apnea
Atrial cardiomyopathy

Mechanical atrial dysfunction:
echocardiography assessment
(E/e’, E/A, LA peak systolic strain
and strain rate, LAV index
and/or RAV index >35 ml/m?)

Prothrombotic changes — assessment

of coagulation biomarkers:

von Willebrant factor, adhesion molecules
(ICAM, VCAM, selectins), plasminogen
activator inhibitor 1 (PAI-1)

Cerebral TEE

Figure 5. Etiological, clinical and prognostic factors of ACM.

Prognostic factors

Electrical atrial dysfunction (Bayes syndrome):
ECG assessment (heart rate at AF, PQ interval,
P wave morphology and axis of,

P duration and amplitude, terminal P wave
phase in V1; endocardial mapping

Atrial fibrosis:

MRI (atrial LGE,
postcontrast assessment T1
and T2 weighted images)

AF progression

Abbreviations: HTN — hypertension, AV — aortic valve, CMP — cardiomyopathy, LA — left atrium, LAV — left atrial volume, MV — mitral
valve, MRl — magnetic resonance imaging, RAV — right atrial volume, TEE — thromboembolic events, AF — atrial fibrillation, HF — heart

failure, HR — heart rate, ECG — electrocardiography.

The main clinical and prognostic factors of ACM
in the presented clinical observations (Table 3) are
specified by the severity of mechanical and electrical
atrial dysfunction, their structural remodeling (fibro-
sis), procoagulation status, and atrial endothelial dys-
function. Thus, a more severe ACM phenotype with
an early manifestation of the disease was observed
in the 1" case with primary atrial remodeling caused
by NPPA gene mutation. The following were used
as a non-invasive clinical tool for assessing ACM:
echocardiography with LA function analysis (deter-
mination of E/e’, atrial volume indexes, assessment of
atrial tissue using speckle tracking echocardiography
with determination of peak systolic strain and strain
rate), 12-lead surface ECG with analysis of atrial
electrical dysfunction markers and MRI (assessment
of fibrosis), which have important diagnostic and
predictive value for assessing the risk of developing SV
arrhythmias, including AF.

Atrial endothelial dysfunction with coagulation
system activation and increased synthesis of pro-
thrombotic tissue factors in the LA endocardium
(plasminogen activator inhibitor (PAI) 1, von Wil-

lebrand factor (VWF), adhesion molecules (ICAM,
VCAM, selectins) and changes in the tumor necrosis
factor receptor superfamily such as CD40/CD154,
which control interactions between platelets, leuko-
cytes and endothelial cells [31, 32]) are important
additional risk factors for ACM-related cerebral TEE.

Thus, Figure 5 shows the main diagnostic ele-
ments that can be used in research and practice for
verification, classification, treatment and prediction
of ACM complications.

As practice shows, a strategically important clini-
cal task in choosing treatment tactics and in deter-
mining the prognosis is the etiological verification of
ACM. Thus, mutations in the MYL4 or NPPA genes
determine severe, rapidly progressive types of ACM
with a high risk of AF, HF and cerebral TEE [6-9,
28]; it is also important to take into account/control
the toxicity of certain drugs and their adverse effects
(Table 1). Treatment of obesity, endocrine disorders
(diabetes, hypo- and hyperthyroidism) and infiltra-
tive disorders (amyloidosis) is an equally important
factor contributing to an improvement in the ACM
prognosis. The beneficial effects of weight loss in

54



CLINICAL OBSERVATION

obesity and modification of other AF risk factors
have been demonstrated in the randomized trials
REVERSE-AF and HUNT [33, 34].

Thus, the individual prognosis of a patient with
AF is influenced, on the one hand, by the risk fac-
tors for TEE, and on the other hand, by factors
that cause or maintain an abnormal heart rhythm
(Figure 5). The main reason for the progression of
AF from paroxysmal to permanent or longstanding
persistent is usually the arrhythmia itself. In addi-
tion to focal triggers, which are often located at the
pulmonary vein orifices, multiple-loop reentry and
electrical dissociation between the epicardial and
endocardial layers influence the onset and mainte-
nance of AF [35, 36]. The common of these mecha-
nisms is that they depend on electrical and structural
atrial changes that are observed in ACM.

Thus, an important clinical, highly sensitive tool
for assessing atrial dysfunction is ECG (PQ interval
prolongation [37], an increased P wave duration,
increased terminal negative P wave in V1, and an
abnormal P-wave axis [38]), and also the low vol-
tage in endocardial mapping [39]. Echocardiography
is a highly specific method for assessing the atrial
structure and function: transmitral spectral and tis-
sue Doppler with E/e* determination, atrial volume
indexes, 3D speckle tracking assessment of fibrous
tissue with determination of peak systolic strain
and strain rate [40]. Non-invasive quantification
of atrial fibrosis, which plays an important role in
the pathophysiology of AF and is closely associated
with recurrent AF, can be performed with contrast-
enhanced MRI [41, 42]. In addition to the tech-
nique for assessing delayed contrast accumulation to
detect replacement fibrosis, pre- and post-contrast
T1 mapping can be used to quantify diffuse intersti-
tial fibrosis. Typically, these techniques are widely
used for ventricular imaging, while the assessment
of thin-walled atria is somewhat limited by techni-
cal problems. However, a multicenter study revealed
that quantitative MRI assessment of atrial fibrosis
can play a key role in the selection of patients for
catheter ablation of AF [43-45]. Thus, the risk of
recurrent AF increased by 15% in stage 1 fibrosis
(<10% of the atrial wall) and up to 69% in stage IV
fibrosis (>30% of the atrial wall) [43].

Discussion

To conduct studies that determine the practical
and prognostic value of the ACM concept, highly
sensitive and specific clinical tools are in demand
today for the early diagnosis of atrial electrome-
chanical dysfunction and the determination of clear
prognostic risk factors for cardiovascular events.

If ACM is a significant risk factor for stroke,
irrespective of AF, how to identify patients at

increased risk of TEE (without history of AF) for
OAC therapy? In the study by Wolsk E, et al. (2015),
the CHA,DS,-VASc score was defined as an inde-
pendent risk factor for TEE in the absence of any
history of AF in patients with heart failure [46].
Similar results in assessing the predictive value of
the CHA DS -VASc scale were demonstrated by
the studies of Belen E, et al. (2016) when assessing
spontaneous LA contrasting in patients with rheu-
matic mitral stenosis and without AF history, who
had a high risk of LA thrombus formation and TEE,
despite sinus rhythm [47]. It is known that patients
with mechanical valve prostheses and significant
mitral stenosis are not adequately protected by a
direct OAC and require anticoagulant therapy with
warfarin [22]. Could there be other groups of patients
who should be given warfarin to prevent TEE when
specific signs of ACM are detected? [48]. Is it pos-
sible to identify patients who require more aggressive
approaches to TEE prevention, such as the combi-
nation of an antiplatelet agent with OAC or the use
of LA appendage occluders? The study, analysis and
potential of using ACM-specific characteristics for
assessing the high risk of TEE and OAC therapy in
patients with sinus rhythm should be carried out in
prospective randomized multicenter studies.

A combined assessment of etiological factors and
signs associated with ACM can be useful information
in the selection of initial drug therapy, while analysis
of fibrosis severity, LA electrical characteristics and
function can be critical in choosing invasive inter-
ventions. Thus, electromechanical and structural
(fibrosis) markers of ACM have demonstrated prog-
nostic value in assessing the risk of AF recurrence
after catheter RFA in a number of studies [49-51].

Could these predictors be used to predict out-
comes in patients for whom RFA would not be war-
ranted and thereby eliminating the risk of unneces-
sary procedures? Can the characteristic features of
ACM be used to select the optimal catheter ablation
technique for a particular patient?

In accordance with current guidelines, RFA is re-
commended as a second-line treatment for antiar-
rhythmic drug intolerance or ineffectiveness. As a first-
line treatment, indications are limited to paroxysmal
AF only. According to these guidelines, RFA is general-
ly considered by clinicians after a longer period of
conservative therapy for AF. The development of tools
and methods for the identification of ACM markers
can allow avoiding the discrepancy between the opti-
mal period for RFA and its time in accordance with
a substrate-oriented diagnosis and treatment of AF.

Conclusion
Thus, further randomized prospective studies
are required for a comprehensive and individua-
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lized approach to treatment, including optimal OAC
therapy, ablation (taking into account the type and
severity of ACM), and, possibly, genetics-based
approaches in the future.

Conceptual reevaluation and classification of
ACM are important for predicting and personalizing
treatment strategies, taking into account etiology,
morphology, pathogenesis, geno- and phenotype.
Although the genetic determinants of ACM are
poorly understood today, significant efforts have
been made in the last decade to identify the genetic
causes of AF, which is both a complication of ACM
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