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Abstract

Background. Acute decompensated heart failure (ADHF) in patients with post-infarction cardiosclerosis, even with previously
performed optimal coronary revascularization, is typically considered a manifestation of ischemic heart disease progression.
However, in clinical practice acute decompensation can also be influenced by non-ischemic mechanisms, including myocarditis.
Such a combination of conditions appears particularly significant in patients with reduced left ventricular ejection fraction (LVEF) and
a history of coronary revascularization in the absence of signs of ongoing myocardial ischemia.

Aim: To assess the prevalence of myocarditis and myocardial viral antigen expression in patients hospitalized with ADHF, reduced
LVEF, post-infarction myocardial fibrosis, and a history of coronary revascularization.

Material and Methods. The study included 26 patients admitted with ADHF. Acute coronary syndrome and other conditions, such
as anemia, pneumonia, sepsis, influenza, decompensation of diabetes mellitus, tumors, cachexia, or severe valvular heart stenosis,
capable of independently causing HF decompensation were excluded. Median LVEF was 29.5% (IQR 22.0-32.0). All patients
underwent transthoracic echocardiography, invasive coronary angiography, and right ventricular endomyocardial biopsy. Histological
and immunohistochemical (IHC) analyses were performed to identify myocardial inflammation and viral antigen expression.
Endomyocardial biopsy of the right ventricle was performed, with three myocardial samples obtained from each patient, followed by
pathohistological and immunohistochemical examination.

Results. Myocarditis was diagnosed in 18 patients (69%), including viral myocarditis in 13 (50%), viral-autoimmune myocarditis in
3 (12%), and autoimmune myocarditis in 1 patient (4%). Viral antigen expression in the myocardium was detected in 89% of cases.
The frequency of viral antigen detection was as follows: enterovirus — 77%, human herpesvirus type 1 — 8%, type 2 — 8%, type 6 —
50%, Epstein-Barr virus — 23%, cytomegalovirus — 8%; parvovirus B19 and adenovirus were not detected. Viral antigen expression
was observed in 94% of patients with myocarditis (except for one case of autoimmune myocarditis) and in 75% of patients without
histological signs of myocardial inflammation.

Conclusion. In patients with ADHF, reduced LVEF, post-infarction cardiosclerosis, and a history of coronary revascularization,
myocarditis was detected in 69% of cases and represented a frequent comorbid condition. In the absence of myocardial ischemia,
inflammation of the myocardium may contribute to the development of ADHF, which should be considered during diagnostic evaluation.
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AHHOTAULMUSA

BBepeHune. OcTpas gekomneHcauus cepaedHon HegoctatouHocT (OOCH) y naumeHToB ¢ NOCTUH(APKTHBIM KapauoCKepo3om
Aaxe npu paHee BbIMOMHEHHOW ONTUMAarnbHON KOPOHAPHOW peBacKynsipu3aumm, kak npaBuo, paccMaTpuBaEeTCst Kak NposiBreHve
nporpeccupoBaHusi nwemudeckon 6onesHn cepaua. BmecTe ¢ TeM B KNMHUYECKOW NpaKTUKe OCTpasi AeKOMMeHcaumnsi MOXeT BbiTb
obycnoeneHa U HeuweMn4eckKUMM MexaHM3Mamm, B HaCTHOCTM MUOKapaAuTOM. Takoe coveTaHve 3aboneBaHuii NpeAcTaBnsieTcsl 0co-
6EHHO 3HaYMMbIM y MALMEHTOB CO CHUXEHHOWN dpakumeit Beibpoca NeBoro xenyaodka U KOPOHapHOU peBackynsipusauuei B aHam-
He3e Npu OTCYTCTBUW NPU3HAKOB TeKyLLeW uemmnm Muokapaa.

Llenb: oLeHUTb YacToTy BbISIBNIEHNS1 MMOKapAUTa U SKCNPECCUMU BUPYCHBIX aHTUreHOB B M1okapae y nauneHToB ¢ OLCH, cHukeHHoN
hpakumelt BbIGpoca NeBoro xenyaoyka, NoCTMHapKTHLIM KapANOCKTEPO30OM U KOPOHAPHOW peBackyrnsipu3aumeil B aHaMHese.
Matepuan n metoabl. B uccnegosaHue 6binm BkNtoYeHbl 26 naumeHToB, rocnuTanuampoBaHHbix ¢ OJCH. KputepusmMun ncknoveHms
SIBNSANNCb OCTPbIA KOPOHAPHbBIA CUHAPOM U COCTOSIHMS, CMOCOGHbIE CAMOCTOATENbBHO BbI3BaTb AEKOMMEHCaLUMIO CepaeYHON Heno-
CTaTOYHOCTU, BKIOYAsi aHEMMIO, MHEBMOHMIO, CEMNCUC, FPUMM, AEKOMMNEHcaUMo caxapHoro AvabeTa, oHkornoruyeckue 3aboneBaHus,
KaxeKCUIO 1 BblpaXXeHHble NOPOKM KrnanaHoB cepaua. MegunaHa dpakummn BbiIopoca neBoro xenyaoyka coctasuna 29,5% (22,0; 32,0).
Bcem nauueHTam BbiNonHeHa TpaHCTopakanbHas axokapavorpadusi, MHBa3vMBHas KopoHaporadusi, aHaoMuokapananbHas Gruoncus
npaBoro xenyaoyka. [1nsa BbisiBNeHWs BOCnaneHusl MMokapaa 1 3KCnpeccu BUPYCHOTO aHTUreHa NpoBeeHO NaTorMcToONorM4eckoe 1
UMMYHOTMCTOXUMUYECKOE UCCNEeOBaHME.

Pesynbratbl. Mnokapaut 6bin gnarHoctuposaH y 18 nauneHtoB (69%), Bkntoyas BMpycHbI Mmuokapaut —y 13 (50%), BupycHo-ay-
TOUMMYHHBIN — Y 3 (12%) 1 ayToMMMYHHbIN — Y 1 naumeHTa (4%). Skcnpeccus BUPYCHbIX aHTUrEHOB B M1okapae Bbisensnack B 89%
cnyyaeB. YacTtoTta obHapyXeHns1 BUPYCHbIX aHTUreHOB COCTaBuna: aHTepoBupyc — 77%, BUpYC repneca yenoseka 1-ro tuna — 8%,
2-ro Tna — 8%, 6-ro Tuna — 50%, Bupyc SnwTenHa — bappa — 23%, uMtomeranosupyc — 8%; napsosupyc B19 n ageHoBupycC BbisiB-
neHbl He Bbinn. JKCnpeccusi BUPYCHbIX aHTUreHOoB oTMeYanach Y 94% naunMeHToB C MUOKapAUTOM (3@ UCKMOYEHMEM OOHOTO Cryyast
ayTOMMMYHHOIO MyUokapamnTa) u'y 75% nauneHToB 6e3 rmcTonormyeckux NpUsHaKkos BocnaneHns Muokapaa.

3akntouyeHue. Y naumeHtoB ¢ O CH co cHmkeHHON dpakumert BbIOpoca NeBOro xenyaovka, NoCTUHAAPKTHLIM KapAMOCKIEPO30M
1 KOPOHapHOW peBacKynspusaumel B aHamHese M1MokapauT BbisiBnsancs B 69% criydaeB u npeacTtasnsn cobon yactoe coyeTaHHoe
3aboneBaHue. B oTcyTCcTBUE MWEMMU MUOKapAa ero BocrnarneHue MoxeT cnocobeTBoBaTthb pa3suTtuio OLCH, yto cnegyet yuntbiBath
npy NpoBeaEHUN ANArHOCTUKM.

KnioueBble cnoBa: cepaevyHada He4OoCTaTO4YHOCTb, nieMundeckas bonesHb cepaua; 6voncus; BUPYCHbI€ aHTUTEHDbI;
MUoKapauT.
qJVIHaHCVIpOBaHMe: nccnegoBaHve BbIMOMHEHO 6e3 UCMonNb30BaHMs rpPaHToOBbLIX CpeacTs n 6e3 q)VIHaHCOBOVI noa-

AEPXKKN CO CTOPOHbI roCyapCTBEHHbIX, 06LLECTBEHHBIX 1 KOMMepYeCKux opraHusau,Mﬁ.

CooTBeTCTBME MpuHUMNAM u1ccrefoBaHve Obino ogobpeHo NokanbHbIM 3TUYECKUM KOMUTETOM Hay4yHo-uccnenoBaTtenb-

3TUKN: CKOro MHCTUTYTa Kapauonoruy TOMCKOro HauMOHaNbHOro UCCNenoBaTENbCKOTO MEAULIMHCKOTO
ueHTpa (npotokon Ne 114 ot 16.12.2015 r.) n NnpoBegeHO B COOTBETCTBMM C NPUHLMNAMU Xerb-
CUHKCKOM Aeknapauun BecemmnpHon megmumHckon accoumauum (pegakums 2008 r.). Bece naum-
€HTbI noanMcany MHPopPMUpPoBaHHOE [OBPOBONLHOE COrflacue Ha y4acTue B UCCNELOBaHUMN.

Ona uMTupoBaHus: KpyunHkmHa E.B., CtenaHoB W.B., Beiwnos E.B., Pa6os B.B. MuokapauT kak codyeTaHHoe 3a-
6GorneBaHve y NaLMEHTOB C NOCTUH(APKTHLIM KapAMOCKNepo30oM Npu OCTPON AeKOMMeHcaunm
cepaeyHon HegocTaTtodHOCTU. CubupcKul XypHarsn KIUHUYecKoU U aKcrepuMeHmarnbHoU me-
OuyuHsbl. 2026;41(2)94-102. https://doi.org/10.29001/2073-8552-2026-41-2-94—102
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Background

Acute decompensated heart failure (ADHF) represents
a clinical syndrome with sudden or worsening heart failure
(HF) symptoms that typically demand hospital admission or
emergency care. Despite advances in modern cardiology,
ADHF remains associated with high mortality and substantial
functional impairment, particularly in patients with advanced
structural heart disease and prior myocardial infarction. In-
hospital death rates average around 7.5% [1], and 1-year
mortality surpasses 27.2% after discharge [2]. Coronary
artery disease (CAD) drives much of ADHF. After myocardial
infarction (M), harmful left ventricular (LV) remodeling often
triggers advancing systolic dysfunction and HF. Persistent
ischemia then activates neurohormonal and inflammatory
cascades [3-5], worsening cardiac impairment and reducing
left ventricular ejection fraction (LVEF). Myocarditis involves
inflammation of the heart muscle, with patterns that vary
widely and often go undercounted in populations. The
estimated incidence ranges from 10 to 20 per 100,000,
though actual rates likely exceed that. Clinical presentation
is highly variable and often nonspecific: patients might
show none or face severe outcomes like pulmonary edema,
cardiogenic shock, life-threatening arrhythmias, or sudden
death. Diagnostic methods and mechanistic insights have
advanced, yet prognosis remains poor, especially with LV
systolic dysfunction, ADHF, or key arrhythmias [6]. Clinical
suspicion of myocarditis is based on a combination of findings:
recent viral infection, chest pain resembling infarction,
palpitations, HF traits, ECG changes, ventricular rhythms,
and unstable hemodynamics. Laboratory markers of cardiac
damage and failure, along with typical echo or cardiac
magnetic resonance imaging (MRI) patterns, strengthen the
diagnosis. In advanced ischemic disease after M, these signs
often get blamed on CAD alone. This can hide overlapping
myocarditis or delay its detection [7]. Research now aims
to unravel myocarditis pathways and progression in those
with weakened LV function, stressing long-term results [6].
Cardiotropic viruses play a central role, with enteroviruses,
adenoviruses, herpes types, cytomegalovirus, and Epstein-
Barr virus leading as causes of heart inflammation [8-10].
Large studies show cardiac MRI raises acute myocarditis
detection from 5% to 13% in cases with angina-like pain and
high troponin levels [7]. Endomyocardial biopsy stands as
the benchmark; it provides direct views of inflammation and
causes. Without clear signs, diagnosis proves tough, more
so in structural heart disease. Given the high prevalence of
CAD, its coexistence with myocarditis represents a clinically
relevant but often overlooked scenario. Thus, CAD without
clear ongoing ischemia should not serve as the only reason
for ADHF and LV systolic dysfunction. Targeted studies
remain limited, drawn mostly from case reports and small
groups [11, 12].

The aim of this study was to evaluate the prevalence
of myocarditis and the frequency of detection of antigens
of cardiotropic viruses in heart tissue among patients with
ADHF, low LVEF, prior MI, and coronary procedures.

Material and Methods

Study design and population

This single-center observational study was conducted at
the Cardiology Research Institute, Tomsk National Research
Medical Center (Tomsk, Russia). Patient enrollment was

carried out between 2015 and 2022. The study protocol
was approved by the local ethics committee (Protocol No
114, December 16, 2015) and complied with the principles
of the Declaration of Helsinki. Written informed consent was
obtained from all participants.

Inclusion and exclusion criteria

Patients were eligible for inclusion if they met all of the
following criteria:

1. Hospitalization for ADHF, defined by the presence
of at least 3 clinical signs or symptoms, including dyspnea
or orthopnea, pulmonary crackles or wheezes, peripheral
edema, elevated jugular venous pressure, or radiographic
signs of pulmonary congestion;

2. All included patients had established chronic
HF for more than one month before hospitalization. Acute
decompensated HF was defined as clinically significant
worsening of pre-existing disease requiring hospital
admission (NT-proBNP = 300 pg/ml);

3. Documented CAD with complete revascularization
of all hemodynamically significant coronary stenoses,
confirmed by coronary angiography performed within 6
months prior to enroliment;

4.  Left ventricular ejection fraction below 40%;

5.  Clinical eligibility for endomyocardial biopsy.

Patients were excluded if they had acute coronary
syndrome or conditions that could independently cause or
mimic ADHF, including anemia, pneumonia, sepsis, influenza,
decompensated diabetes mellitus, active malignancy,
cachexia, or severe valvular stenosis.

Echocardiography and endomyocardial biopsy

All  patients underwent standard transthoracic
echocardiography using a VIVID E9 ultrasound system
(GE Healthcare). To evaluate myocardial inflammatory
involvement, endomyocardial biopsy was performed via
the right femoral vein with sampling from the right ventricle.
Three myocardial specimens were obtained from predefined
regions: the right ventricular apex, the interventricular septum,
and the right ventricular outflow tract.

Immunohistochemical analysis

Biopsy specimenswere subjected toimmunohistochemical
(IHC) analysis using monoclonal antibodies directed against
cardiotropic viral antigens. The following antibodies were
applied: rabbit monoclonal antibodies against herpes simplex
virus type 1 (Cell Marque, clone 361A-16-ASR; dilution 1 :
1000) and herpes simplex virus type 2 (Cell Marque, clone
362A-76-ASR;dilution 1:1000); mouse monoclonal antibodies
against human herpesvirus type 6 (Abcam, clone ab128404;
dilution 1 : 100); mouse monoclonal antibodies against
adenovirus (Cell Marque, clone 212M-16-ASR; dilution 1 :
1000); rabbit monoclonal antibodies against Epstein — Barr
virus (Cell Marque, clone 245R-16-ASR; dilution 1 : 1000);
mouse monoclonal antibodies against enterovirus (dilution 1 :
1000); and mouse monoclonal antibodies against parvovirus
B19 (Cell Marque, clone 218M-16-ASR; dilution 1 : 1000). To
assess autoimmune myocardial involvement, additional IHC
staining was performed using antibodies against complement
component C1q, major histocompatibility complex class
Il, and the B-lymphocyte marker CD19. To characterize
the cellular composition of the inflammatory infiltrate, IHC
staining for CD3 (Leica Biosystems RTU Primary mouse
monoclonal antibody, clone LN10) was used to identify T
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lymphocytes, while CD68 (Leica Biosystems RTU Primary
mouse monoclonal antibody, clone 514H12) immunostaining
was applied to detect macrophages within myocardial tissue.

Diagnostic criteria for myocarditis

The diagnosis of myocarditis was established according
to current histopathological criteria and defined as the
presence of = 14 leukocytes/mm? within the myocardium,
including up to 4 monocytes/mm?, with at least 7 CD3-positive
T lymphocytes/mm2 [13].

Coronary angiography

All patients underwent invasive coronary angiography to
exclude ongoing myocardial ischemia as the primary cause
of ADHF.

Statistical analysis

Given the limited availability of data on myocarditis
prevalence in this clinical setting, the study was designed
as a pilot investigation. Statistical analysis was performed
using STATISTICA software, version 10.0 (StatSoft Inc.,
USA). The normality of distribution was assessed by Shapiro
Wilk. Given the non-normal distribution, continuous variables
were presented as median (IQR). Comparisons between
independent groups were performed using the Mann
Whitney U test. Categorical variables were compared using
the y2 test or Fisher’s exact test, as appropriate. A two-sided
p-value < 0.05 was considered statistically significant.

Technical resources

All analyses were performed using the facilities of the
Center for Collective Use “Medical Genomics”, Tomsk
National Medical Research Center.

Results

Patient characteristics

The study included 26 patients hospitalized with
ADHF. Median age was 62 years (57.0; 67.0), and the
majority of patients were male (85%). All patients had a
documented history of myocardial infarction and CAD with
prior revascularization. The time from diagnosed CAD to
the development of HF was 72 months (IQR 13; 114). The
median duration from the onset of HF symptoms to study
inclusion was 12.5 months (IQR 5.0; 30.5). At the time of
admission, LVEF was markedly reduced in all patients,
with a median value of 29.5% (IQR 22.0; 32.0). Median NT-
proBNP concentration was 403.1 pg/mL (IQR 307.2; 2424.7).
Troponin | levels were mildly elevated, with a median value
of 0.037 ng/mL (0.020; 0.069), (upper limit of normal [99th
percentile] — 0.04 ng/mL). C-reactive protein (CRP) levels
were moderately increased, with a median of 7.0 mg/L (IQR
5.0; 19.3), (reference range is 0 8 mg/L).

Clinical presentation

Most patients presented with clinical features consistent
with advanced heart failure. Dyspnea was reported by the
majority of patients, occurring during minimal physical
activity in 10 patients (38%) and at rest in 3 patients (12%).
Signs of systemic and pulmonary congestion were common,
including pulmonary crackles or wheezing in 14 patients
(54%), peripheral edema in 12 patients (46%), jugular
venous distention in 8 patients (31%), and hepatomegaly
in 18 patients (70%). Cyanosis was observed in 13 patients
(50%). Cardiac arrhythmias were frequently documented.

Atrial fibrillation or flutter was present in 12 patients (46%),
while episodes of ventricular tachycardia were recorded
in 9 patients (35%). Although 4 patients (15%) reported
symptoms suggestive of a recent viral illness prior to
hospitalization, none had documented fever at admission or
shortly beforehand. At admission, HF symptoms severity was
classified as New York Heart Association (NYHA) functional
class Ill in 16 patients (61%) and class IV in 10 patients
(39%). At the time of study inclusion, patients were stratified
according to clinical hemodynamic profiles: four patients
(16%) were classified as “warm and wet”, 11 patients (42%)
as “cold and wet”, and 11 patients (42%) as “cold and dry”.
Baseline clinical characteristics are summarized in Table 1.

Endomyocardial biopsy findings

Histological criteria for myocarditis were met in 18 of 26
patients (69%). Among these patients, viral myocarditis was
diagnosed in 13 cases (50%), virus-associated autoimmune
myocarditis in 3 cases (12%), and autoimmune myocarditis
in 1 case (4%). Immunohistochemical analysis demonstrated
predominant inflammatory infiltration by CD3-positive T
lymphocytes and CDG68-positive macrophages, frequently
accompanied by areas of myocardial fibrosis. Detailed
immunohistochemical findings are presented in Table 2.

Myocardial viral antigen expression

Viral antigen expression within myocardial tissue
was detected in 23 patients (89%). Enterovirus was the
most frequently identified viral antigen, present in 77%
of cases. Human herpesvirus type 6 was detected in 50%
of patients (Figure 1), Epstein — Barr virus in 23%, human
herpesvirus types 1 and 2 in 8% each, and cytomegalovirus
in 8%. Parvovirus B19 and adenovirus were not detected. In
several patients, immunohistochemical staining revealed co-
expression of multiple viral antigens, resulting in a cumulative
detection rate exceeding 100% due to co-detection of multiple
viral antigens in individual patients (Table 2).

Comparison of patients with and without myocarditis

Patients were stratified according to the presence or
absence of histologically confirmed myocarditis. Viral antigen
expression was observed in 94% of patients with myocarditis,
with the exception of one patient diagnosed with autoimmune
myocarditis. Viral antigens were also detected in 75% of
patients without histological signs of myocarditis.

Echocardiographic parameters did not differ significantly
between patients with and without myocarditis. However, a
trend toward higher troponin | levels was observed in patients
with myocarditis compared with those without myocarditis
(0.3 ng/mL (IQR 0.2; 0.7) vs. 0.1 ng/mL (IQR 0.0; 0.2),
p = 0.05). Comparative echocardiographic and laboratory
data are summarized in Table 3. A history of coronary
artery bypass grafting was more frequent in patients with
myocarditis; however, given the small sample size, this
finding should be interpreted with caution.

Discussion

In this single-center pilot study, myocarditis was identified
as a frequent concomitant pathological finding in patients
hospitalized with ADHF, reduced left ventricular ejection
fraction, prior myocardial infarction, and a history of coronary
revascularization. Histological criteria for myocarditis were
met in nearly two-thirds of the study population, suggesting
that inflammatory myocardial injury may play a meaningful



CUOUPCKMM XXYPHAA KAMHUYECKOM M DKCNEPUMEHTAABHOM MEAMLLMHbI

Siberian Journal of Clinical and Experimental Medicine

https://doi.org/10.29001/2073-8552-2026-41-2-94-102

Table 1. Clinical baseline characteristics of the study population

Ta6nuua 1. KnnHuko-aHamMHeCTUYeCKNe XapakTepuCTUKM NauneHToB

Parameter Total group, n = 26 With myocarditis, n = 18 | Without myocarditis, n = 8 p-value
Malesexn(%) .......................................... 22(85) 14(78) .................... 8(100) .................. Sy
Age, years, Me (Q25; Q75) 62 (57; 67) 63 (56; 68) 59 (57; 66) 0.94
Body Mass Index, kg/m?, Me (Q25; Q75) 30.0 (25.8; 32.7) 26.8 (25.2; 28.4) 30.0 (26.3; 32.7) 0.55
Hypertension, n (%) 20 (77) 15 (83) 5 (63) 0.43
Diabetes mellitus 2, n (%) 19 (73) 13(72) 6 (75) 0.79
Myocardial infarction in history, n (%) 26 (100) 18 (100) 8 (100) 1.00
A history of invasive treatment:
PCI, n (%) 10 (38) 6 (33) 4 (50) 0.1
CABG, n (%) 8 (31) 6 (33) 2 (25) 0.01
PCl and CABG, n (%) 6 (23) 4(22) 2 (25) 0.93
Implantation of cardioverter-defibrillator, n (%) 7(27) 4 (22) 3(38) 0.93
Cardiac resynchronizing therapy, n (%) 3(12) 3(17) 0(0) -
Symptoms of infection before admission, n (%) 4 (15) 4 (23) 0 (0) -
At the time of admission:
Cyanosis, n (%) 13 (50) 8 (44) 5 (63) 0.22
Dyspnoea during physical activity/at rest, n (%) 10 (38)/3 (12) 6(34)/2 (11) 4(50)/1(13) 0.83/-
Wheezing, n (%) 14 (54) 7 (38) 7 (88) 0.1
Edema on the legs, n (%) 12 (46) 6 (34) 6 (75) 0.13
Weight gain in the last week, n (%) 10 (38) 5(28) 5(63) 0.42
Jugular vein distention, n (%) 8 (31) 4 (23) 4 (50) 0.88
Hepatomegaly, n (%) 18 (70) 12 (67) 6 (75) 0.54
SBP, mmHg Me (Q25; Q75) 122.0 (102.0; 130.0) 114.0 (100.0; 142.0) 129.0 (115.0; 130.0) 0.10
DBP, mmHg Me (Q25; Q75) 78.0 (70.0; 80.0) 75.0 (64.0; 84.0) 72.0 (64.0; 84.0) 0.31
Heart rate, Me (Q25; Q75) 78.0 (70.0; 80.0) 80.0 (72.0; 90.0) 72.0 (64.0; 84.0) 0.65
Respiratory rate per minute, Me (Q25; Q75) 18.5(18.0; 20.0) 18.5(18.0; 20.0) 19 (16.5; 20.0) 0.55
Oxygen saturation, % 95.0 (93.0; 95.0) 94.0 (94.0; 95.0) 95.0 (94.0; 95.0) 1.00
Ventricular tachycardia, n (%) 9 (35) 5(28) 4 (50) 0.43
Atrial fibrillation / flutter, n (%) 12 (46) 6 (34) 6 (75) 0.13

Abbreviations: PCI — percutaneous coronary intervention; CABG — coronary artery bypass graft; SBP — systolic blood pressure; DBP — diastolic blood

pressure.

Table 2. The results of the immunohistochemical study, n (%)

Ta6nuua 2. Pe3ynbsraTbl MIMMYHOTUCTOXVMWUYECKOTO uccnenoBanus, n (%)

Parameter Total group, n = 26 With myocarditis, n = 18 | Without myocarditis, n = 8 p-value
V|ra|myocard|t|s 13(50) 13(72) ....................... T e SRLEEREEERE:

Virus-associated autoimmune myocarditis 4 (15) 4 (22) 0 -
Autoimmune myocarditis 1(4) 1(5.5) 0 -
Viral antigen expression in myocardium in total

Including: 23 (89) 17 (94) 6 (75) 0.15
Enterovirus 20 (77) 16 (89) 4 (50) 0.08
Parvovirus B19 0 0 0 -
Human herpes virus type 1 2(8) 2(11) 0 -
Human herpes virus type 2 2(8) 2(11) 0 -
Human herpes virus type 6 13 (50) 10 (56) 3(38) 0.40
Adenovirus 0 0 0 -
Epstein Barr virus 6 (23) 5(28) 1(13) 0.48
Cytomegalovirus 2(8) 1(5.5) 1(13) 1.00
Asymptomatic carrier 4 (15) 0 4 (50) -
Overall viral antigen expression, including 2 (8) 0 2 (25) —

role in acute clinical deterioration in this high-risk setting.
Importantly, the classification of myocarditis in this study was
based on combined histological and immunohistochemical
findings and does not imply definitive differentiation
between direct viral cytopathic injury and immune-mediated
mechanisms.

In patients with established coronary artery disease,
ADHF is most commonly attributed to ischemic myocardial
injury and adverse post-infarction remodeling [1, 2]. At the

same time, accumulating data suggest that non-ischemic
mechanisms, including myocarditis, may substantially
contribute to disease progression and acute worsening of
HF symptoms [6, 7]. In the present cohort, all patients had
previously undergone coronary revascularization and showed
no angiographic signs of ongoing myocardial ischemia at
the time of inclusion, making ischemia alone an unlikely
explanation for the severity of decompensation observed.
The high prevalence of viral myocarditis in this study is
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Fig. 1. Immunohistochemical detection of cardiotropic viral antigens in myocardial tissue. (A) Diffuse cytoplasmic immunopositivity for Enterovirus antigens
in cardiomyocytes (arrows) (x 200; scale bar = 50 ym). (B) Cytoplasmic immunopositivity for Human Herpesvirus type 6 (HHV-6) in myocardial tissue

macrophages (arrows) (x 400; scale bar = 20 ym)
Puc. 1. IMMyHOrMcToXMmmnyeckoe BbisIBNIEHWE aHTUreHOB KapAMOTPOMHbIX BUPYCOB B TKaHU Muokapaa. (A) OuddysHoe LumTonnasMatnyeckoe MMMyHHOe

OKpaLLVBaHNe aHTUreHOB 3HTEPOBMPYCa B KapavoMuoumTax (cTpenku) (yBenuuenne x 200; MmacwtabHasa nuHenka — 50 mkwm). (B) Liutonnasmatuyeckoe
MMMYHHOE OKpallvBaHVe aHTUreHOB Bupyca reprneca yenoseka 6-ro Tuna (HHV-6) B makpodarax muokapga (ctpenku) (yBenunyenue x 400; maclutabHas

nnHerika — 20 MKM)
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Table 3. Echocardiographic and laboratory parameters in patients with and without myocarditis

Ta6nuua 3. llabopaTopHble 1 yNbTPa3ByKOBbIE AaHHbIE MAaLMEHTOB C MUMOKapaAMTOM 1 6e3 Hero

........................... Parameter .................... With myocardiis, n =18 _ | _ Withoutmyocarditis,n=8 [ pvae _
The ultrasound examination of heart data, Me (Q25; Q75)
Left ventricular ejection fraction, % 24.5(19.0; 35.0) 22.2 (18.0; 29.7) 0.55
End-systolic volume index, ml/m? 83.9 (63.9; 99.1) 77.7 (58.1; 85.7) 0.52
End-diastolic volume index, ml/m? 114.3 (93.0; 129.0) 97.8 (87.1; 105.8) 0.23
Stroke volume index, ml/m? 28.4 (18.8; 31.2) 18.8 (17.2; 28.1) 0.76
Cardiac index, L/min/m? 1.9 (1.6;2.4) 1.7 (1.1;2.4) 0.53
Wall motion score index 1.9(1.8;2.2) 2.0(1.8;2.1) 0.93
Left atrium index, ml/m? 51.0 (40.9; 73.6) 53.6 (39.0; 61.6) 0.44
Left ventricular myocardial mass index, g/m? 160.7 (136.0; 180.3) 166.1 (126.4; 232.9) 0.24
Right ventricle, mm 33.0 (25.0; 39.0) 36.0 (31.0; 37.5) 0.62
Right ventricular systolic pressure, mmHg 50.0 (37.0; 65.0) 47.0 (46.0; 52.0) 0.63
Mitral regurgitation grade 1-2 / grade 3-4 9(50) /7 (39) 7(88)/1(13) 0.99/-
Tricuspid regurgitation grade 1-2 / grade 3-4 8 (44) /1 (6) 1(13) /2 (25) -
Laboratory data, Me (Q25; Q75)
Troponin |, ng/mL 0.3(0.2;0.7) 0.1(0.0; 0.2) 0.05
CRP, mg/L 4.8 (1.0; 10.0) 5.3(1.7;9.7) 0.85
NT-proBNP level, pg/mL 403.1 (307.2; 2424.7) 392.3 (194.5; 665.2) 0.12

Abbreviations: CRP — C-reactive protein, NT-proBNP — N-terminal pro b-type natriuretic peptide.

consistent with prior reports demonstrating frequent detection
ofcardiotropicvirusesinpatientswithleftventriculardysfunction
and HF [8-10]. Enterovirus and human herpesvirus type 6
were the most commonly identified viral antigens, in line with
existing data on viral persistence within myocardial tissue [8,
9]. Importantly, viral antigen expression was also detected
in a substantial proportion of patients without histological
signs of myocarditis. Similar findings have been described
previously and suggest that viral persistence may occur in
the absence of overt inflammatory myocardial disease [6,
10]. Parvovirus B19 deserves particular consideration in this
context. Although it has frequently been implicated in the
development of HF symptoms and myocardial dysfunction,
its pathogenic significance remains debated, especially when
active myocardial inflammation is absent [15]. In the present
cohort, parvovirus B19 was not detected, indicating that
other cardiotropic viruses may have a more prominent role
in inflammatory myocardial involvement among patients with
advanced ischemic heart disease. The absence of parvovirus
B19 in our cohort may reflect regional characteristics of
the study population and methodological differences, as
immunohistochemical detection may underestimate latent
viral persistence compared with PCR-based approaches.

Several mechanisms may account for the presence of
viral antigen without histological myocarditis, including latent
infection, impaired viral clearance, or low-grade inflammatory
activity below established diagnostic thresholds [6]. In the
setting of advanced ischemic cardiomyopathy, chronic
myocardial injury, fibrosis, and alterations inimmune regulation
may further promote viral persistence. These considerations
emphasize the need to interpret endomyocardial biopsy
findings in an integrated manner, combining histological,
immunohistochemical, and clinical data rather than relying
solely on viral antigen detection.

Despite the high prevalence of myocarditis,
echocardiographic parameters did not differ significantly
between patients with and without histologically confirmed
myocarditis. This likely reflects the advanced degree of
ventricular dysfunction shared by all patients in the cohort,
as severe systolic impairment was a prerequisite for
hospitalization with ADHF. Within this context, myocarditis

may act primarily as a trigger for acute decompensation
rather than as the main determinant of baseline ventricular
function. The observed trend toward higher troponin | levels
in patients with myocarditis supports the presence of ongoing
myocardial injury, although the difference did not reach
conventional statistical significance.

Clinically, most patients presented with advanced HF and
were classified as New York Heart Association functional
class Il or IV at admission. In addition, “cold” hemodynamic
profiles predominated at the time of inclusion, reflecting
marked impairment of cardiac output. Such hemodynamic
vulnerability may increase susceptibility to additional
inflammatory or infectious insults and contribute to clinical
instability. From a clinical perspective, these findings suggest
that myocarditis should be considered in patients with ADHF
following myocardial infarction, particularly when coronary
angiography does not reveal active ischemia. Failure to
recognize concomitant myocarditis may delay appropriate
diagnostic evaluation and limit opportunities for individualized
management. At the same time, detection of viral antigens
alone should be interpreted with caution, as it does not in
itself justify antiviral or immunomodulatory therapy in the
absence of histological inflammation [6].

The identification of histologically confirmed myocarditis in
patients with post-infarction cardiosclerosis inevitably raises
the question of pathogenetic therapy. However, the role of
immunosuppressive treatment in this specific population
remains poorly defined and is supported mainly by isolated
clinical observations rather than prospective trials. Given the
coexistence of ischemic myocardial injury and inflammatory
processes, therapeutic decisions should be individualized
and based on careful risk—benefit assessment.

Limitations

This study has several important limitations. The single-
center design and relatively small sample size restrict the
generalizability of the findings and preclude robust analysis
of clinical outcomes. In addition, viral genome quantification
by polymerase chain reaction was not performed, limiting
assessment of viral load and replication activity. Nonetheless,
the systematic use of endomyocardial biopsy combined
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with detailed immunohistochemical analysis represents a
key strength of the study and provides valuable insight into
the inflammatory substrate of acute HF decompensation in
patients with ischemic heart disease.

Conclusion

Myocarditis was frequently identified as a concomitant
pathological finding in patients hospitalized with acute
decompensated heart failure, reduced left ventricular ejection
fraction, prior myocardial infarction, and a history of coronary
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