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Characteristics and prognostic assessment
of acute myocarditis in patients under martial law
in Ukraine: long-term follow-up results
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The aim of the study — to investigate the course of myocarditis in patients, including combatants, with different risk profiles
and to determine prognostic factors for an unfavorable outcome over 24 months of observation under martial law conditions.

Material and methods. A total of 204 patients with AM (134 men and 70 women; mean age 38.2+8.6 years), including
90 combatants, were examined. Patients were stratified into three risk categories: the 15" group consisted of 80 high risk
patients with de novo reduced LVEF (< 40 %), clinical signs of heart failure, and extensive LGE on cardiac MRI; the 2" group
comprised 64 intermediate risk patients with moderately reduced LVEF (41-49 %) and > 2 affected LV segments on MRI; the
34 group included 60 low risk patients with preserved LVEF (> 50 %) and < 2 affected LV segments. All patients underwent
speckle-tracking echocardiography, 24-hour ECG monitoring with arrhythmia and HRV assessment, cardiac MRI with LGE.
Comprehensive diagnostic assessments were performed within the AM onset and repeated at 12 and 24 months.

Results and discussion. Predictors of persistent myocarditis over the 24-month follow-up were identified: baseline
LV EDVi > 105 mL/ml, LVEF < 40 %, GLS < 9.0 %, GCS < 8.0 %, presence of NSVT paroxysms, a total of > 5 affected LV
segments and > 3 LV segments with inflammatory involvement. Predictors of transition to dilated cardiomyopathy included
an LV EDVi > 105 mL/ml, LVEF < 30 %, GLS < 8.0 %, GCS < 7.0 %, a total of > 9 affected LV segments, and > 5
LGE-positive segments during baseline investigation. Predictors of recovery at 24 months were an LV EDVi < 85 mL/mll,
LVEF > 50 %, GLS > 11.0 %, GCS = 12.0 %, involvement of < 3 LV segments, and absence of NSVT during the baseline
assessment within the first month after symptom onset. Among combatants with myocarditis predictors of persistent fre-
quent supraventricular ectopy and atrial fibrillation at 24 months included a HADS anxiety score > 11, HAM-A score > 25,
LF/HF ratio < 1.20, > 5 affected LV segments, and > 2 LV segments with LGE on baseline MRI. Additional predictors of
persistent atrial fibrillation included an LV EDVi > 105 mL/ml and LVEF < 40 %.

Conclusions. Results of the study refined contemporary approaches to prognosticating the clinical course of myocar-
ditis and identified predictors of recovery, long-term disease persistence and transition to dilated cardiomyopathy. Among
combatants with myocarditis predictors of persistent frequent supraventricular ectopy and atrial fibrillation paroxysms at
24 months were established, along with an association between these arrhythmias, the presence of anxiety and impaired
heart rate variability.
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Myocarditis is characterized by an inflamma-
tory involvement of the myocardium, which
clinically may be expressed through a broad and het-
erogeneous spectrum of symptoms, ranging from
asymptomatic forms to fulminant heart failure (HF)
[1]. Despite advances in cardiovascular imaging, the
evolution of magnetic resonance techniques, and pro-
gress in pharmacotherapy, myocarditis remains a
diagnostic and therapeutic challenge, limiting the
ability to accurately predict its early course. Acute
myocarditis (AM) prognosis is largely determined by
the degree of left ventricular (LV) dysfunction at the
onset, the response to medical therapy, and subse-
quent changes in clinical and functional parameters
[2, 3]. Evidences from long-term follow-up in patients
with AM remains limited and is derived predomi-
nantly from observational studies [4]. This deter-
mines the need to search for new approaches to risk
stratification and personalized surveillance strategy
development. Early identification of patients at
increased risk for persistent arrhythmias or chronic
inflammatory activity, LV dysfunction is crucial for
optimizing treatment and preventing adverse out-
comes. Early identification of such high-risk patients
makes it possible to optimize targeted therapeutic
decisions, reduces the frequency of hospitalizations,
and improves long-term prognosis. Special attention
should be given to combatants in whom chronic
stress, excessive physical exertion and sustained psy-
choemotional overload may trigger AM or exacerbate
its clinical course. In the context of the increasing
prevalence of stress-associated cardiovascular disor-
ders the problem of timely diagnosis and identifica-
tion of early prognostic markers of complicated AM is
of particular medical and social importance.

The aim - to investigate the course of myocarditis
in patients, including combatants, with different risk
profiles and to determine prognostic factors for an
unfavorable outcome over 24 months of observation
under martial law conditions.

MATERIAL AND METHODS

In total 204 patients (134 men and 70 women;
mean age 38.2+8.6 years) including 90 active combat-
ants (68 men and 22 women; mean age 39.1+8.0 years)
were hospitalized due to AM in the Institute’s clinic
during the period of martial law in Ukraine from 2022
through August 2025. Before enrolment all participants
were fully informed about the diagnostic procedures
and treatment performed and provided written
informed consent for the processing of personal data.
The diagnosis of AM was based on clinical presenta-
tion, laboratory findings, electrocardiographic (ECG)
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and echocardiographic (EchoCG) assessment and car-
diac magnetic resonance imaging (MRI) with late ga-
dolinium enhancement (LGE) in accordance with the
updated Lake Louise criteria [5-8]. Patients were strat-
ified into 3 groups according to the risk assessment: the
1%t group included 80 high risk patients who presented
with de novo reduced left ventricular ejection fraction
(LVEEF < 40 %), clinical signs of HF and extensive LGE
on cardiac MRI; the 2" group comprised 64 interme-
diate risk patients with moderately reduced LVEF
(41-49 %) and involvement of > 2 LV segments; the 3™
group consisted of 60 low risk patients with preserved
LVEF (= 50 %) and involvement of < 2 LV segments
(1].

During 24-hour ECG monitoring the total num-
ber of supraventricular ectopic beats (SVEB) and ven-
tricular ectopic beats (VEB) per day as well as atrial
fibrillation (AF) and non-sustained ventricular tachy-
cardia (NSVT) paroxysms were assessed. Frequent
VEB and SVEB were defined as a burden of > 1.0 %
relative to the total number of normal sinus beats
recorded over 24 hours. Heart rate variability (HRV)
was assessed using the frequency parameter SDNN
(standard deviation of all RR intervals) and spectral
parameters: the low frequency (LE 0,04-0,15 Hz) and
high-frequency (HE 0,15-0,5 Hz) spectral compo-
nents; sympathovagal balance was quantified by the
LF/HF ratio [9]. By transthoracic EchoCG LVEF was
assessed using the biplane Simpson’s method and
end-diastolic volume was indexed to body surface area
to obtain the end-diastolic volume index (EDVi) [10].
Global longitudinal strain (GLS) and global circumfer-
ential strain (GCS) were measured by speckle-tracking
EchoCG [11]. HF functional class (FC) was deter-
mined according to the New York Heart Association
(NYHA) criteria based on the 6-minute walk test
(6MWT). A walking distance of 426-550 m corre-
sponded to NYHA FC I, 300-425 m - to FC II, 150-
300 m - to FCIII, and < 150 m - to FC IV.

Anxiety was assessed using the Hospital Anxiety
and Depression Scale for Anxiety (HADS-A) which
contains 7 items with a 4-point gradation (0-3) and
allows evaluating symptoms from 0 to 21 points. Scores
> 11 were interpreted as indicative of clinically signifi-
cant anxiety [12]. Anxiety severity was further evaluat-
ed using the Hamilton Anxiety Rating Scale (HAM-A),
where < 17 points corresponded to the absence/mild
anxiety, 18-24 points indicated moderate anxiety and
> 25 points — severe anxiety.

Patients received guideline-directed medical
therapy for HF, including angiotensin-converting
enzyme inhibitors or sacubitril/valsartan, beta-block-
ers, mineralocorticoid receptor antagonists, diuretics,
and sodium-glucose cotransporter-2 inhibitors. When
clinically indicated antiarrhythmic agents, anticoagu-
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Table 1

Clinical and instrumental characteristics of the 1% group of patients
Parameter Month 1 Month 12 Month 24
SVEB, % 5.16£0.25 3.20+0.18* 1.80+0.10%**
VEB, % 6.80+0.11 2.80+0.07** 1.20+0.05***
NSVT, n (%) 18 (22.5) 11(13.8) 6 (7.5)
AF, n (%) 14(17.5) 11(13.8) 7(8.8)
SDNN, ms 89.1+8.3 98.3£5.3* 104.9+4.8*
LF/HF 1.17+0.08 1.27+0.07 1.38+0.07*
EDVi, mL/ml 100.8+8.9 82.3+5.8* 75.4+4.3*
LVEF, % 35.2+3.4 43.2+2.8* 49.1£2.9*
GLS, % 6.5+0.6 8.3+0.8* 12.9+0.9**
GCS, % 7.240.6 8.6£0.7 11.4+0.9*
Mean NYHA FC, points 3.2 2.8 1.8
6MWT, m 240£18 322+25* 386+29**
LV segments with inflammatory changes, n 4.80+0.27 2.10+0.13** 1.20+0.08***
LV segments with LGE, n 2.25+0.19 2.50+0.21 2.52+0.20
Total number of involved LV segments, n 7.05+0.48 4.60+0.37** 3.72+0.31***
Persistence of inflammation (transition to chronic - 49 (61.3) 18 (22.5)
myocarditis), %
Recovery, n (%) - 18 (22.5) 42 (52.5)
Transition to DCM, n (%) - ?2(11.3) 13(16.3)
Death, n (%) - 4(5.0) 7(8.8)

Differences in the parameters are statistically significant compared with those at the AM onset: * — p<0.05, ** - p<0.01, *** — p<0.001.

lants, glucocorticoids, and pregabalin in cases of
marked anxiety were administered [13, 14]. All
patients were evaluated by a psychotherapist. Follow-
up examinations of patients were carried out after 12
and 24 months.

Statistical analysis was performed using a com-
puterized database created in Excel XP (Microsoft
Office, USA) and processed with Statistica for
Windows v.6,0 (StatSoft, USA). Descriptive statistics
included the mean (M), standard error of the mean
(m), Student’s t-value (t), and corresponding p-values.
Comparisons between clinical groups were conducted
using Student’s t-test with statistical significance
defined as p<0.05. Associations between continuous
variables were examined using Pearson’s parametric
correlation analysis. Cut-off thresholds predicting
specific clinical characteristics were determined using
Student’s criterion within a multivariate regression
analysis.

RESULTS

At the onset of AM patients in the 1% group exhib-
ited a substantial burden of both supraventricular and
ventricular ectopic activity. Episodes of NSVT were
identified in 22,5 % patients, whereas paroxysmal AF
was documented in 17,5 % patients, both occurring in
the context of impaired HRV as reflected by reduced
SDNN and LF/HF values (Table 1). LV dilation (elevat-
ed EDVi) together with a decline in LV systolic func-
tion (EF, GLS, GCS) took place against the background
of a significant number of LV segments with inflamma-
tory changes and the presence of LGE, which deter-
mined a high NYHA FC and low tolerance to physical
activity based on the 6MWTT results.

After 12 months of follow-up the 1% group
patients demonstrated a marked reduction in the fre-
quency of both ventricular and supraventricular
arrhythmias in association with improvements in
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Table 2

Clinical and instrumental characteristics of the 2" group of patients
Parameter Month 1 Month 12 Month 24
Mean NYHA FC, points 2.6 1.9 1.1
6MWT, m 348.0+£19.8 388.0+£25.0 445.0£29.0**
EDVi, mL/ml 80.9+7.5 75.8%¥5.4 71.3%4.1*
LVEF, % 44.5+3.8 48.4%£3.0 52.5+3.1*
GLS, % 9.26£0.60 11.95+0.78* 13.69+0.76**
GCS, % 9.08+0.67 10.78+0.91 12.71+0.96**
SVEB, % 7.84+0.28 3.80£0.21** 2.10£0.12%**
VEB, % 8.40+0.12 2.30£0.08** 1.90£0.06***
NSVT, n (%) 7(10.9) 5(7.8) 2(3.1)
AF, n (%) 9(14.1) 6(9.4) 4(6.3)
SDNN, ms 98.9+7.2 110.2+5.4* 118.7£5.2**
LF/HF 1.21+£0.09 1.28+0.07 1.48+0.07*
LV segments with inflammatory lesions, n 3.2+0.12 1.45+0.12** 0.65+0.05***
LV segments with LGE, n 1.21+0.10 1.32+0.11 1.40+0.11
Total number of involved LV segments, n 4.41+0.29 2.77£0.22** 2.05+£0.31***
Persistence of inflammation (transition to chronic - 23 (36.5 %) 12 (19.1 %)
myocarditis), n (%)
Recovery, n (%) - 35 (55.6 %) 40 (63.5 %)
Transition to DCM, n (%) - 3 (4.8 %) 7(11.1 %)
Death, n (%) - 2(3.2%) 4(6.4 %)

Differences in the parameters are statistically significant compared with those recorded at the onset of AM: * — p<0.05, ** — p<0.01, *** — p<0.001. The
clinical course among patients of the 279 group was less severe than that observed in the 15" group; 2 and 4 deaths were recorded by 12 and 24 months
respectively. Transition to DCM occurred in 3 and 7 patients and recovery was documented in 35 and 42 patients at 12 and 24-month assessment
respectively. Persistence of myocardial inflammation consistent with chronic myocarditis was noted in 23 and 12 patients at 12 months and at the end

of the follow-up period respectively.

HRYV: SDNN increase by 10.3 % (p<0.05) and a trend
toward sympathovagal balance improving, indicated
by an 8.5 % LF/HF increase. The incidence of NSVT
and AF paroxysms remained unchanged, each occur-
ring in 13.8 % of patients. LV systolic function
improved substantially with significant increase in
LVEE GLS, and GCS (by 22.7 %, 27.7 % and 19.4 %
respectively) together with an 18.4 % EDVi decrease
(p<0.05). Cardiac MRI demonstrated a twofold
decrease in the number of LV segments with inflam-
matory involvement while the number of LGE-
positive segments remained unchanged suggesting a
transformation of LV inflammatory changes into
tibrotic. These favorable structural changes was sup-
ported by a 34.2 % reduction in total amount of LV
myocardial damage (p<0.01), likely contributing to
improved LV contractility and decreased LV dilation.

Consistent with these findings the 6MWT distance
increased by an average of 34.2 % (p<0.05). At the
24-month follow-up a positive trend towards impro-
vement in the structural and functional state of the
heart was maintained: there was 39.5 % LVEF increase
and 25.2 % EDVi decrease vs baseline (p<0.01). LV
contraction geometry showed marked improvement
with GLS increasing by 98 % and GCS - by 58.3 %
compared with initial values in the background on a
fourfold reduction in the number of LV segments
with inflammatory involvement and nearly a twofold
decrease in the total number of affected segments.
The 6MWT distance increased on average by 60.8 %
compared to the debut of AM, which corresponded
on average to NYHA FC II. After 24 months 42
patients had fully recovered whereas 18 exhibited per-
sistent myocardial inflammation consistent with
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Table 3

Clinical and instrumental characteristics of the 3" group of patients
Parameter Month 1 Month 12 Month 24
Mean NYHA FC, points 1.6 1.2 0.6
6MWT, m 422£12 480+14* 540+16*
EDVi, mL/ml 74.3x3.6 72.1£35 68.9+3.3*
LVEF, % 52.3+3.1 55.1+3.2 56.8+3.8
GLS, % 12.7+0.6 14.5+£0.8 15.2+0.9*
GCS, % 12.0+0.5 12.9+0.7 13.6+0.7
SVEB, % 12.6+0.4 6.1£0.3** 2.8+0.1%**
VEB, % 7.2+0.1 2.5+0.1** 1.2+£0.1%**
NSVT, n (%) 3(5.0) 1(1.67) -
AF, n (%) 4(6.67) 3(5.00) 2(3.33)
SDNN, ms 112.4+6.4 118.9+£5.8 124.5%6.1*
LF/HF 1.47+0.06 1.56+0.08 1.59+0.08*
LV segments with inflammatory 2.01+0.06 0.86+0.04** 0.32+0.02***
involvement, n
LV segments with LGE, n 0.81£0.06 0.91£0.07** 0.69+0.06**
Total number of involved LV segments, n 2.81+£0.20 1.77£0.13** 1.01£0.08***
Persistence of inflammation (transition to - 19 (31.7 %) 8(13.3 %)
chronic myocarditis), n (%)
Recovery, n (%) - 41 (68.3 %) 52 (86.7 %)

Transition to DCM, n (%) -

Death, n (%) -

Differences in the parameters are statistically significant compared with those recorded at baseline: * — p<0.05, ** — p<0.01, *** — p<0.001.

chronic myocarditis and showed no meaningful
improvement in cardiac structure, function or heart
rhythm disturbances. AM was transformed into DCM
in 13 patients with deterioration of structural and
functional indices despite the absence of active
inflammation, accompanied by a marked increase in
the volume of fibrotic lesions. During this follow-up
period 7 patients died.

The 2™ group patients exhibited baseline mild LV
dilation and a moderate reduction in LVEF, GLS and
GCS (Table 2). Analysis of 24-hour ECG monitoring
demonstrated a considerable number of SVEB and
VEB, however, in contrast to the 1st group, isolated
ectopic complexes predominated occurring in the con-
text of reduced HRV and impaired sympathovagal
balance. Cardiac MRI revealed a pronounced degree of
inflammatory myocardial involvement, while the
extent of fibrotic tissue was lower than that in the 1st
group. After 12 months a trend toward improvement in

LVEF was noted, whereas GLS showed a significant
increase and GCS exhibited a tendency to rise, with
mean changes of 29.1 % and 18.7 %, respectively.
Cardiac MRI revealed a more than twofold reduction
in the number of LV segments with inflammatory
involvement, while the prevalence of LGE-positive
(fibrotic) segments remained unchanged. Overall LV
involvement decreased 1.6-fold (p<0.01). By 24 months
LVEF had restored (> 50 %) with an 11.9 % reduction
in EDVi (p<0.05) and further improvement in LV con-
traction geometry (GLS, GCS). Cardiac MRI continued
to demonstrate regression of inflammatory involve-
ment, with a more than twofold reduction in the total
number of affected LV segments compared with the
initial evaluation. Significant positive dynamics have
been registered in terms of reducing the number of
VEB and SVEB and further increasing the values of the
frequency and spectral parameters of the HRW.
Functional capacity improved substantially with the
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Comparison of HADS-A and HAM-A anxiety scores and 24-hour ECG results between combatants and civilian

patients at the onset of AM

Parameter Combatants (n=90) Civilians (n=114)
HADS-A
Absence of anxiety, % (n) 31.1(28) 55.2 (43
Subclinical anxiety, % (n) 36.7 (33) 25.4 (29)
Clinically manifest anxiety, % (n) 31.1(28) 19.3(22)
Mean anxiety score, points 12.65+1.28** 7.67£1.04
HAM-A
Absent/mild anxiety, % (n) 24.4 (22) 50.8 (58)
Moderate anxiety, % (n) 42.3(38) 36.9 (42)
Severe anxiety, % (n) 33.3(30) 12.3 (14)
Mean anxiety score, points 22.12+2.09** 16.67%1.37
24-hour ECG monitoring
Frequent SVEB, % (n) 18.9(17) 12.3(14)
Frequent VEB, % (n) 17.8 (16) 17.5 (20)
NSVT, % (n) 16.6 (15) 15.8(18)
AF, % (n) 20.0(18) 11.4(13)
SDNN, ms 103.2+6.3* 121.0£7.4
LF/HF 1.21+0.09* 1.57+0.10

Differences in the parameters are statistically significant compared with civilian patients: * — p<0.05; ** — p<0.01.

6MWT distance increasing by an average of 27.9 %,
corrsponding to NYHA FC L.

Patients in the 3™ group exhibited the most benign
initial course of AM with preserved LVEF without LV
dilation, moderate reductions in GLS and GCS and a
limited number of LV segments with inflammatory or
fibrotic lesions (Table 3). These patients were charac-
terized by predominantly supraventricular rhythm
disturbances, with VEB occurring far less frequently.
At 12 and 24 months the number of VEB decreased
2,8- and 6-fold respectively, whereas SVEBs decreased
2- and 4,5-fold over the same periods. By the end of the
follow-up period the frequency of AF paroxysms had
declined by half and no episodes of NSVT were record-
ed. Throughout both the 12- and 24-month follow-up
no deaths or transition to DCM were observed.
Persistence of myocardial inflammation consistent
with chronic myocarditis was documented in 19 and 8
patients whereas recovery was noted in 41 and 52
patients at 12 and 24 months respectively.

The subsequent stage of the study focused on char-
acterizing key features and conducting a comparative
analysis of the clinical presentation and structur-
al-functional parameters of AM in combatants (n=90)

relative to civilian patients (n=114). The groups were
comparable in LVEE, EDVj, the extent of inflammatory
LV involvement, the mean number of LGE-positive LV
segments and NYHA FC. According to the HADS-A
and HAM-A results combatants exhibited a higher fre-
quency of both subclinical and clinically manifest anx-
iety at disease onset compared with civilians, severe
anxiety was observed 2.7 times more often among
combatants (Table 4). The mean HADS-A anxiety score
in combatants was 40.8 % higher than in civilians,
while the mean HAM-A score exceeded that of civil-
ians by 24.6 %.

Evaluation of HRV indices and arrhythmic burden
at AM onset revealed substantial intergroup differenc-
es. The mean daily percentage of SVEB was significant-
ly higher in combatants (4.05+0.18 % vs. 1.77+0.23 %
in civilians, p<0.01). In addition, AF paroxysms
occurred 1,75 times more frequently and frequent
SVEB-1,54 times more often in combatants compared
with civilians. Combatants demonstrated more pro-
nounced impairment of autonomic heart rhythm regu-
lation, evidenced by a 14.7 % lower SDNN value and a
significantly reduced LF/HF ratio which indicated a
more pronounced impairment of autonomic regulation
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of heart rhythm. No significant between-group differ-
ences were observed in the prevalence of ventricular
rhythm disturbances, including frequent VEB or epi-
sodes of NSVT. At the 12-month ECG follow-up both
groups demonstrated a reduction in ventricular and
supraventricular rhythm disturbances, along with HRV
increase. Combatants continued to show more pro-
nounced sympathovagal imbalance: the LF/HF ratio
remained 24.3 % lower suggesting persistent predomi-
nance of sympathetic activity. Moreover the mean daily
frequency of SVEB remained higher in combatants
(0.87+0.08 % vs. 0.54+0.07 % in civilians, p<0.01). AF
paroxysms and frequent SVEB were observed 1,76-fold
and 1,69-fold more often in combatants compared with
civilians respectively.

According to the results of the correlation analy-
sis performed at the 12-month follow-up combatans
demonstrated significant positive associations
between the clinically manifest anxiety and the persis-
tence of frequent SVEB (r=0.51, p<0.05) as well as AF
paroxysms (r=0.65, p<0.02). Thus combatants who
continued to exhibit clinical symptoms of anxiety at
12 months after AM onset were more likely to experi-
ence supraventricular rhythm disturbances, including
frequent SVEB and AF paroxysms, as a pattern asso-
ciated with a sympathovagal balance shift toward
sympathetic predominance in the context of anxiety
disorders. In contrast the persistence of ventricular
arrhythmias showed no clear association with the
presence of anxiety.

At the final stage of the study, based on the results
of the 24-month longitudinal follow-up, multivariate
regression models were developed to identify predic-
tors of recovery, persistence of chronic myocarditis
and transition to DCM. Recovery was defined in 82
patients (40.4 %) by the absence of clinical symptoms,
the absence of rhythm and conduction disturbances
on 24-hour ECG monitoring, preserved LVEF
(= 50 %) and a normal EDVi (£ 75 mL/m?), no evi-
dence of inflammatory LV involvement on cardiac
MRI and normal performance on the 6MWT.
Persistence of chronic myocarditis in 58 patients
(28.5 %) was defined by the presence of inflammatory
myocardial changes in > 3 LV segments on cardiac
MRI at 24 months, reduced/moderately reduced
LVEF (< 50 %) and clinical HF manifestation.
Transition to DCM in 18 patients (8.8 %) was defined
by the absence of inflammatory myocardial changes
on cardiac MRI, the presence of LGE in > 5 LV seg-
ments; reduced LVEF (< 40 %) and marked LV dila-
tion (EDVi = 105 mL/m?) despite optimal medical
therapy. Eleven patients (4.4 %) died.

The regression models were appeared as follows:

Yy =ado + aixi + azxz + ... + anXn,
where y represents the initial model (recovery, persis-
tence of myocarditis or transition to DCM at 24
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months); x1, ..., x» — denote the independent variables
(threshold values of parameters identified during the
initial assessment ); and ao, ..., an — are the model coef-
ficients.

Table 5 presents the regression model parameters.
According to the p-coefficients the following baseline
parameters demonstrated a significant contribution to
the persistence of myocardial inflammation at 24
months: EDVi > 105 mL/m> ($=0.722, p,=0.023);
LVEF < 40 % (B=0.798, p,=0.034); GLS < 9.0 %
(B=0.877, p,=0.039); GCS < 8.0 % (p=0.419, p,=0.043);
presence of NSVT episodes ($=0.522, p,=0.023); total
number of affected LV segments > 5 ($=0.912,
p,=0.013) and the number of LV segments with
inflammatory involvement > 3 (f=0.460, p,=0.046).
Predictors of transition to DCM included baseline
parameters: EDVi > 105 mL/m* (=0.697, p,=0.019);
LVEF < 30 % (p=0.608, p,=0.037); GLS < 8.0 %
(B=0.702, p,=0.030); GCS < 7.0 % (p=0.531, p,=0.028);
total number of affected LV segments > 9 (=0.921,
P,=0.009) and the number of LGE-positive LV seg-
ments > 5 ($=0.809, p,=0.017). Predictors of recovery
at 24 months were: EDVi < 85 mL/m” (B=0.645,
p,=0.041); LVEF > 50 % (B=0.730, p,=0.026);
GLS > 11.0 % (B=0.745, p,=0.008); GCS = 12.0 %
(B=0.498, p,=0.047); total number of affected LV seg-
ments < 3 ($=0.699, p,=0.038) and the absence of
NSVT episodes ($=0.521, p,=0.035) at baseline.

Given the uncertainty in the contemporary inter-
national literature and the considerable scientific and
clinical interest surrounding patients with AM and
intermediate risk our study employed multivariate
regression analysis to identify predictors of myocarditis
persistence in the 2" group. The corresponding regres-
sion model, with parameters presented in Table 6, was
appeared as follows:

Yy =ao + aixi + azxz + ...+ anXn,
where y represents the model initial (persistence of
myocarditis at the 24-month follow-up); x1, ..., xn -
denote the independent variables (threshold parameter
values identified during the initial evaluation) and
ao, ..., an — are the model coefficients.

Based on the multivariate analysis results the fol-
lowing baseline parameters were identified as predic-
tors of myocarditis persistence at 24 months in inter-
mediate-risk patients: EDVi > 95 mL/m* (p=0.671,
p,=0.019); LVEF < 50 % (p=0.863, p,=0.030);
GLS < 11.0 % (p=0.761, p,=0.022); presence of NSVT
episodes ($=0.481, p,=0.034); number of LGE-positive
LV segments > 2 ($=0.922, p,=0.029) and number of
LV segments with inflammatory involvement > 3
(B=0.851, p,=0.020).

In addition, multivariate regression models were
developed specifically for combatants with AM to ena-
ble early prediction of long-term persistence of fre-
quent SVEB (= 1.0 % of total daily heartbeats) and AF
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Table 5
Parameters of the multivariate regression models for predicting the clinical course of myocarditis

Factors (Baseline Parameters) B Sy a Pq

Predictors of chronic myocarditis persistence

EDVi > 105 mlL/m? 0.722 0.178 5721 0.023
LVEF <40 % 0.798 0.161 3.412 0.034
GLS<9.0% 0.877 0.160 2.190 0.039
GCS<8.0% 0.419 0.158 3.132 0.043
Presence of NSVT paroxysms 0.522 0.168 2916 0.023
Total number of affected LV segments > 5 0.912 0.184 5.007 0.013
LV segments with inflammatory involvement > 3 0.412 0.139 0.572 0.032

Predictors of AM transition to DCM

EDVi> 105 mL/m? 0.697 0.152 2711 0.019
LVEF <30 % 0.608 0.177 2.570 0.037
GLS<8.0% 0.702 0.150 3.299 0.030
GCS<7.0% 0.531 0.150 2.355 0.028
Total number of affected LV segments > 9 0.921 0.191 6.630 0.009
LGE-positive LV segments > 5 0.809 0.169 3.988 0.017

Predictors of recovery in patients with AM

EDVi < 85 mL/m? 0.645 0.149 2.833 0.041

LVEF > 50 % 0.730 0.174 3.578 0.026

GLS>11.0% 0.745 0.177 3.191 0.008

GCS211.0% 0.498 0.145 1.987 0.047

Total number of affected LV segments < 3 0.699 0.156 2.545 0.038

Absence of NSVT episodes 0.521 0.161 2718 0.035
Table 6

Parameters of the multivariate regression model predicting myocarditis persistence in patients with intermediate
risk

Factors (baseline parameters) B Sy a Pq

Predictors of chronic myocarditis persistence

EDVi > 95 mL/m? 0.671 0.167 1.984 0.019
LVEF < 50 % 0.863 0.181 2799 0.030
GLlS<11.0% 0.761 0.165 1.290 0.022
Presence of NSVT paroxysms 0.481 0.150 0.934 0.034
LGE-positive LV segments > 2 0.922 0.171 2.432 0.029

LV segments with inflammatory involvement > 3 0.851 0.170 1.981 0.020
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Table 7
Parameters of the multivariate regression models predicting the clinical course of myocarditis in combatants
Factors (baseline parameters) B Sy a P,
Predictors of frequent SVEB persistence
HADS-A score > 11 points 0.455 0.153 1.109 0.035
HAM-A score > 25 points 0.514 0.168 1.275 0.022
LF/HF < 1.20 0.610 0.138 0.801 0.044
Total number of affected LV segments > 5 0.745 0.171 1.490 0.025
LGE-positive LV segments > 2 0.809 0.173 1.709 0.027
Predictors of persistent AF paroxysms
EDVi > 105 mL/m? 0.755 0.164 1.819 0.023
LVEF <40 % 0.951 0.168 2.654 0.028
HADS-A score > 11 points 0411 0.138 0.774 0.048
HAM-A score > 25 points 0.498 0.155 1.009 0.045
LF/HF < 1.20 0.547 0.161 1.109 0.027
Total number of affected LV segments > 5 0.981 0.179 2.897 0.006
LGE-positive LV segments > 2 0.880 0.174 2.185 0.026

paroxysms, the parameters are presented in Table 7. In
general, the regression models were appeared as fol-
lows:
Yy =ao + aixi + azxz + ... + anXn,

where y represents the model initial (presence of fre-
quent SVEB or AF paroxysms at the 24-month fol-
low-up); x1, ..., xn — denote the independent variables
(threshold parameters values identified during the ini-
tial evaluation); and ao, ..., an — the model coefficients.

Thus, in combatants with AM, the following base-
line parameters were identified as predictors of the
persistence of frequent SVEB at 24 months: HADS-A
score > 11; HAM-A score > 25; LF/HF ratio < 1.20;
total number of affected LV segments > 5 and > 2 LGE-
positive LV segments. Predictors of the persistence of
AF paroxysms at 24 months included: LV EDVi > 105
mL/m?%* LVEF < 40 %; HADS-A score >11; HAM-A
score > 25; LF/HF ratio < 1.20; total number of affected
LV segments > 5 and > 2 LGE-positive LV segments.

DISCUSSION

Despite substantial advances in diagnostic modal-
ities and pharmacotherapy, prognostic assessment in
AM remains a highly relevant and challenging clinical
issue [15]. Identifying patients at increased risk of
adverse cardiovascular events is essential for optimiz-
ing follow-up strategies and enabling timely adjust-

ment of therapeutic interventions. A key component of
risk stratification is the detection of early prognostic
markers that can signal a likelihood of a complicated
disease course, facilitate identification of high-risk
individuals, and guide the need for intensified surveil-
lance and pharmacotherapy.

We conducted the first study in Ukraine in accord-
ance with the most recent ESC guidelines, incorporat-
ing current achievements on the diagnosis and man-
agement of patients with myocarditis taking into
account stratification by risk profile at initial presenta-
tion and evaluate the long-term outcomes with par-
ticular attention to those categorized as intermediate
risk [1, 16]. A total of 204 patients were assigned to
high, intermediate or low risk groups at AM onset. In
2016 D. Sinagra and colleagues proposed a risk-strati-
fication framework for patients with clinically suspect-
ed myocarditis, based on three clinical phenotypes -
myocarditis with low, intermediate, and high risk. This
model was subsequently integrated and further refined
in the ESC 2025 recommendations [1, 17]. Each risk
category is associated with distinct prognostic implica-
tions and requires tailored approaches to patient mon-
itoring.

The results of our study substantially expand cur-
rent understanding of the spectrum of early prognostic
markers associated with the clinical course of myocar-
ditis and may facilitate timely risk stratification in
affected patients. To date it has been well established
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that reduced LVEE, LV dilation, the presence of LGE on
cardiac MRI and ventricular arrhythmias are all associ-
ated with an poor prognosis in patients with myocardi-
tis [5, 18, 19]. Our results are consistent with reports
from international investigators highlighting the high
clinical value of multiparametric risk-assessment tools
for predicting adverse outcomes and guiding prognosis
in myocarditis [20, 21].

The novelty of our study lies in demonstrating
the statistically significant predicting value of the
clinical course of myocarditis for LV GLS and GCS,
the extent of inflammatory and fibrotic myocardial
involvement (LGE), and the total number of affected
LV segments. Each of these markers showed a clear
association with specific patterns of disease evolution.
Our results align with findings reported in other con-
temporary studies. Speckle-tracking EchoCG plays a
key role in the early detection of subclinical myocar-
dial dysfunction and enables quantitative assessment
of myocardial deformation, GLS and GCS are highly
sensitive markers of early contractile impairment
even when LVEF remains preserved [22]. In myocar-
ditis a reduction in GLS reflects inflammatory activity
and the extent of myocardial involvement, and its
improvement over time correlates with clinical recov-
ery. Incorporating speckle-tracking EchoCG into the
comprehensive evaluation of patients with myocardi-
tis enhances the accuracy of risk stratification, facili-
tates timely detection of relapse or persistent inflam-
mation and supports assessment of therapeutic effec-
tiveness [1]. The extent and temporal evolution of
LGE have major prognostic implications in patients
with myocarditis. Persistence or progression of LGE
beyond the acute phase reflects ongoing inflamma-
tion and fibrotic remodeling, which is associated with
an increased risk of HF and life-threatening arrhyth-
mias [19, 23]. Evidence from other studies indicates
that the combined use of T1/T2 mapping and LGE
imaging not only confirms the presence of myocardi-
tis but also allows quantification of the degree of
tibro-inflammatory myocardial injury, which directly
correlates with clinical prognosis [24, 25]. Modern
cardiac MRI is increasingly evolving from a purely
diagnostic tool into a powerful instrument for risk
stratification, aligning with the principles of personal-
ized cardiology. Follow-up MRI performed at 6-12
months provides essential information on therapeutic
response and disease trajectory, underscoring the
importance of longitudinal monitoring.

An additional important achievement of our study
was the identification of predictors of persistent
supraventricular arrhythmias and their association
with anxiety symptoms in combatants with AM, a find-
ing of particular relevance under current conditions for
guiding timely and individualized treatment strategies.

E.G. Nesukay et al.

Anxiety disorders and chronic emotional stress lead to
hyperactivation of the sympathetic-adrenal system,
reduced HRYV, and elevated levels of pro-inflammatory
cytokines, creating a milieu that promotes arrhyth-
mogenesis and contributes to the progression of cardi-
ac pathology [26]. Disturbances in autonomic regula-
tion of cardiac function represent one of the key patho-
physiological mechanisms underlying the progression
of myocarditis and the development of its complica-
tions. Exposure to combat-related stress is associated
with increased anxiety, sleep disturbances, and signs of
post-traumatic maladaptation, which are leading to
persistent autonomic cardiac [27]. Chronic sympathet-
ic activation, together with depletion of parasympa-
thetic regulatory capacity, may serve as a pathogenic
driver of arrhythmogenic substrate formation, particu-
larly in the presence of inflammatory or fibrotic myo-
cardial involvement.

According to the findings of S. Perek et al. [28],
impaired HRYV, specifically reduced SDNN, in patients
with myocarditis was a significant predictor of adverse
clinical outcomes and an increased risk of arrhythmias
during 6-month follow-up. When combined with car-
diac MRI data, where the presence of LGE reflects the
extent of fibrosis and tissue remodelling, HRV serves as
a functional risk marker that complements morpholog-
ical assessment. Previous studies have demonstrated
that patients with LGE exhibit markedly higher rates of
ventricular arrhythmias and the combination of LGE
with a low SDNN value (< 100 ms) increases the pre-
dicted risk of sudden cardiac death more than threefold
[7, 19]. Thus an integrated assessment that includes
evaluation of psychological status, HRV and imag-
ing-derived structural and functional cardiac charac-
teristics in combatants with AM enables the identifica-
tion of individuals at heightened arrhythmogenic risk.
This approach is essential for personalized risk stratifi-
cation and for optimizing therapeutic management in
this vulnerable patient population.

Our results reinforce the value of risk-based
stratification in patients with AM as a practical
approach for anticipating the clinical course of the
disease. The prognostic markers identified in this
study enable early detection of individuals at increased
risk for adverse outcomes, support timely therapeutic
adjustment, and enhance the effectiveness of long-
term management. Furthermore our work represents
the first Ukrainian study to perform a comparative
assessment of structural-functional cardiac parame-
ters, HRV indices and heart rhythm disturbances in
combatants in comparison with civilian patients. The
analysis underscored the contribution of stress-relat-
ed factors as triggers for the onset and persistence of
arrhythmia with their impact modulated by the psy-
chological profile of the patient.
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CONCLUSIONS

1. Predictors of AM persistence over a 24-month
follow-up period were identified according to multi-
variable regression analysis. Transition to chronic myo-
carditis was predicted by the following baseline param-
eters: LV EDVi > 105 mL/m? LVEF < 40 %,
GLS < 9.0 %, GCS < 8.0 %, NSVT paroxysms, total
number of affected LV segments > 5 and > 3 LV seg-
ments with inflammatory lesions. Transition to DCM
was associated with an EDVi > 105 mL/m? an LVEF
<30 %, GLS < 8.0 %, GCS < 7.0 %, a total number of
affected segments > 9 and > 5 segments with LGE.
Predictors of recovery included EDVi < 85 mL/m?
LVEF = 50 %, GLS = 11.0 %, GCS = 12.0 %, a total of
< 3 affected LV segments and the absence of NSVT
paroxysms during the initial assessment.

2. Current approaches to prognostic stratification
of the clinical course of myocarditis in patients at inter-
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mediate risk were refined, and predictors of long-term
disease persistence over a 24-month period were iden-
tified: EDVi > 95 mL/m? LV ejection fraction (LVEF)
< 50 %; LV global longitudinal systolic strain < 11.0 %;
the presence of paroxysms of non-sustained ventricular
tachycardia; the presence of late gadolinium enhance-
ment in > 2 LV segments; and inflammatory changes
detected in > 3 LV segments, as assessed at the initial
examination.

3. In combatants with myocarditis predictors of
persistence of frequent SVEB and AF paroxysms at 24
months of follow-up were identified. These included
anxiety scores > 11 points on the HADS-A and > 25
points on the HAM-A; LF/HF ratio < 1.20; a total
number of affected LV segments > 5; and the presence
of LGE in > 2 LV segments, at the baseline examina-
tion. Additional predictors for AF paroxym persis-
tence included LVEDVi > 105 mL/m? and LVEF
< 40 %.

Author contributions: concept and study design — E.N., S.Ch.; data collection - RK., AK.,, O.D,, I.T, V.N,;
statistical analysis - S.Ch., R.K., A.K., LT, V.N.; manuscript drafting - E.N., S.Ch., R.K.; manuscript revision - E.N.,
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XapaxKTepucTMKa Ta NPOrHo3yBAHHS Nepe6iry roctporo miokapaury B NALEHTIB B YMOBUX BOEHHOTO
cTaHy B YKpdiHi: pe3ynbTaTtv fOBrocTpOKOBOrO CMNOCTEPEXKEeHHs

O.T. Hecykait !, PM. Kupuuenko !, A.C. Koaniok !, €.10. Titos !, O.B. Omutpmuenko !, B.I. Hecykaii 2,

C.B. YepHiok !

1Y «HauioHanbHuit HaykoBwit LeHTP «IHCTUTYT Kapaionorii, KniHiYHOT Ta pereHepaTMBHOT meamumHK imeni akapemika M.J. Crpaxecka
HAMH Ykpainmy, Kuis

2KHIM «Kuiscbka mickka kniHivHa nikapHs Ne 8»

Meta pobotn — gocniantn nepebir MIOKaPAUTY B MALIEHTIB, 30KPEMA BiMCbKOBOCTYXOO0BLIB, 3 PI3HUMU NPOdINaMM
PU3MKY TA BU3HAYMTM MPOTHOCTUYHI YUHHMKM HECTIPUATIIMBMX HOCMIAKIB NPOTIrom 24 MICALIB CMOCTEPEXEHHS B YMOBOX
BOEHHOTO CTAHY.

Marepianu i Metoan. O6ctexxero 204 nauieHtv (134 vonosikn Ta 70 xiHok) 3 roctpum miokapantom (TM), cepen Hux
6yno 90 sificbkosocnyx6osuis. Bik nauieHTis ctaHosme y cepeaHbomy (38,2+8,6) poky. MNauieHtn 6ynu posnoaineHi Ha 3
rpynu: T-wy cranosunu 80 ocib 3 BUCOKMM PU3UKOM, ki MOMK BusiBNieHy de novo sHmkeHy dpakuito Bukuay (PB) nisoro
wnyHouka (JTLU) — < 40 %, nposen cepuesoi HEAOCTATHOCTI TA PO3MNOBCIOMKEHE BIACTPOYEHE KOHTPACTYBAHHS MPW Mar-
HITHO-pe3oHaHcHIM Tomorpadii (MPT) cepus; 2-ry — 64 xBopux 3 NOMIPHUM PU3UKOM 3 MOMIPHO 3HuxeHoo OB JILL (41—
49 %) Ta ypaxenHam > 2 cermenTis JILL npu MPT cepus; 3-mio — 60 naujenTis 3 HU3bkum pusmnkom iz PB JILL > 50 % Ta
ypaxeHHam < 2 cermenTis JILLI npn MPT cepus. Bcim naujientam nposoamnu exokapgiorpadito 3i cnekn-TpekiHr Mmetoam-
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koo, nobose MoniTopysaHHs EKI 3 aHanizom nopylieHs cepuesoro putmy Ta sapiabensHocTti putmy cepus, MPT cepus 3
BiaCTPOYEHMM KOHTPACTyBaHHAM. OBCTexeHHs BukoHyBanm B aebioti TM, uepes 12 ta 24 mic cnoctepexeHHs.

Pesynbrati Ta obroeopeHHs. BcraHosneHo npeamkTopu nepcucteHuii Miokapauty npoTarom 24 mic: iHAekc KiHLeBogj-
actoniuHoro o6’emy JILL > 105 mn/m2; sennunna @B JILL < 40 %; nokasHuk no3posxHboi robansHoi aebopmadii JILL
< 9,0 %; nokasHuk umpkynapHoi mobansHoi gedopmauii JILL < 8,0 %; HasBHICTE NAPOKCHU3MIB HECTIKOT LLTYHOUKOBOT
TAXiKapAii; 3aranbHa Kinbkicts ypaxenmx cermentis JILL > 5 ta kinbkicts cermenTis JILL i3 HasiBHiCTIO 3ananbHux 3miH > 3,
Bu3HaveHi Ha nouatky [M. MNpeankropamm TpaHcHOPMaLi 30XBOPIOBAHHS B AMNATALMHY KApgiomionaTiio 6ynu: iHaekc
kiHuesogiacToniuHoro o6’emy JILL > 105 mn/m%; DB JILL < 30 %; nokasHuk no3mosxHLoi rmobansHoi gepopmauii JILL
< 8,0 %; nokasHuk umpkynapHoi rmobansHoi aedopmauii JILL < 7,0 %; saransHa kinbkicts ypaxenux cermenTis JILL > 9, a
TAKOX KinbkicTb cermenTis JILL i3 HasBHICTIO BInCTPOUYEHOro KOHTPACTYBAHHS > 5. [TpeankTopamu ofyxaHHs depes 24 mic
6ynu: iHpekc kiHuesomiacToniuHoro 06 emy JILL < 85 mn/m2; @B JILL > 50 %; nokasHuk No3aoexHbLOI rmobanbHoi aedop-
mauii JILL > 11,0 %; nokasHuk umpkynspHoi mobansHoi gedopmauii JILL > 12,0 %; 3aransHa KinskicTs ypaxeHux cermeH-
Tig JILL < 3, 0 TakoX BigCYTHICTE NOPOKCHM3MIB LUNYHOUKOBOT TAXIKAPET Npu iHiLiansHOMy obcTexerHi. Y BiicbkoBocnyx608-
LiB 3 MIOKOPAMTOM BCTOHOBNEHO MPEAUKTOPM MEPCUCTEHUIT H4aCTOi HAALINYHOYKOBOI €KCTPACKUCTONIT TA NAPOKCU3MIB
bibpunauii nepepcepns yepes 24 mic cnoctepexeHHs: HassHicTb > 11 6anis Tpueoru 3a wkanoo HADS-A ta > 25 6anis
3a wkanoo HAM-A, cnissigHowenHs LF/HF < 1,20, saransHa kinbkicts ypaxennx cermentis JILL > 5, kinskicts cermenTis
JILLI i3 HOSIBHICTIO BIACTPOYEHOrO KOHTPACTYBAHHS = 2, BUSHAUEHI NPU IHILIQIBHOMY 0BCTEXEHHI; LOAATKOBUMM NPEANKTO-
paMu mepcucTeHuii napokcuamis Gibpunauii nepeacepab Takox Oynu: iHgexkc kiHuesoaiactoniyHoro o6’emy JILU
> 105 mn/m?, dpakuis sukuay JILL < 40 %.

BucHoBKM. 30 pesynsTaTaMM NMPOBEAEHMX AOCNIMKEHb YAOCKOHANEHO CyYaCHi NiaXoam A0 MPOrHO3yBAHHs nepebiry
MIOKQPAMTY Pi3HOTO PU3KUKY | BCTOHOBEHO NPEAMKTOPU OLYXAHHS, LOBFOTPMBANOI NEPCUCTEHLIT 30XBOPIOBAHHS TA MOTO
TpaHchopmauii B MnaTtauiiHy kapaiomionatio. Y BiicbKoBOCTYX60BLIB 3 MIOKAPAMTOM BCTAHOBNIEHO NMPEAUKTOPU Nnep-
CUCTEHLT HOCTOT HAALLTYHOYKOBOT EKCTPACKCTONIT | NAPOKCU3MIB Gibpunsuii nepeacepas yepes 24 Mic cnoctepexeHHs Ta
BUABIIEHO 3B’A30K LIMX QPUTMINA 3 HAABHICTIO TPMBOTM | NOPYLIEHHAM BAPIOBENbHOCTI PUTMY Cepls.

Kniouosi cnosa: miokapauT, aMcdyHKLis NIBOrO LYHOUKA, APMTMIT, Bidyanisauia, BapiabensHiCTs puTMy cepus, npo-
THO3, AMNATALIMHA KOPAIOMIONATIs, BINCbkOBOCTYX60BLi



