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Editor’s Welcome

Dear colleagues!

We present to your attention the next, forty-fifth issue of the International Heart 
and Vascular Disease Journal that includes the leading, original, review articles as 
well as a clinical case.

The “Leading article” section opens with an article providing a brief overview of 34 
randomized clinical trials and 4 meta-analyses presented at 12 HOT LINE scientific 
sessions of the 2024 Congress of the European Society of Cardiology.

The “Original Articles” section features three studies.
The first article assessed the prevalence of coronary heart disease (CHD), sleep disorders, and negative affective states in 

a representative sample of men aged 55–64, and investigated the probability of developing CHD in the presence of high levels 
of depression, hostility, vital exhaustion, and sleep disturbances. The authors found that a high level of psychosocial factors 
in middle-aged men was associated with the development of CHD. When designing preventive programs aimed at reducing 
cardiovascular risk in an open urban population, attention should be given to regulating psychological parameters. The second 
article explored the role of microvesicles (extracellular structures that trigger cascades of mechanisms affecting endothelial 
changes) of various origins in the risk of recurrent cardiovascular events (CVE) within one year after type 2 myocardial infarction 
(MI) in men under 45. During the acute phase of type 2 MI, CD45+ microvesicle levels were significantly higher in patients who 
later experienced a recurrent CVE within one year. The third article examined the clinical, echocardiographic, and laboratory 
characteristics of patients with chronic heart failure infected with HIV, in the context of pulmonary arterial hypertension. It 
was found that pulmonary arterial hypertension was present in every second patient with chronic heart failure among those 
infected with HIV. This group demonstrated more pronounced diastolic dysfunction, elevated plasma NT-proBNP levels, and 
increased total peripheral vascular resistance.

The “Review Articles” section features a single paper presenting a systematic review of randomized controlled trials 
examining the relationship between pedaling cadence on a cycle ergometer and blood pressure levels in individuals with 
arterial hypertension. A total of 199 entries were identified in the databases, but none met the inclusion criteria. This review 
revealed a gap in the literature regarding the effect of pedaling cadence on elevated blood pressure in individuals with arterial 
hypertension.

The «Clinical Case» section presents a report by specialists from Morocco. A 58‑year-old man with CHD and heart failure 
developed a rare hemorrhagic complication — ​a large hematoma in the thigh muscles — ​during treatment with enoxaparin. 
The patient received conservative treatment, including blood transfusion and discontinuation of anticoagulants, which led to 
a favorable outcome. According to the authors, further research is needed to improve the understanding and management of 
such complications in thromboembolic diseases.

We invite everybody to collaborate with the journal. Our team is waiting for your original papers, review articles, discus-
sions, and opinions about problems, treatment and prophylaxis recommendations.

Mekhman N. Mamedov
Editor-in-Chief

President of the “Cardioprogress” Foundation
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Scientists evaluated the effectiveness of oral 
semaglutide in reducing the risk of cardiovas-

cular complications in patients with type 2 diabetes 
(T2D). Experts analyzed data from 9,650 patients 
with T2D and either atherosclerotic cardiovascular 
disease, chronic kidney disease, or both. The aver-
age follow-up period was 47.5 months. The analysis 
showed that the incidence of major adverse cardio-
vascular events was 12.0% (3.1 events per 100 per-
son-years) in the oral semaglutide group. In the 
placebo group, the rate was 13.8% (3.7 events per 
100 person-years). The incidence of serious adverse 
events was 47.9% in the semaglutide group versus 
50.3% in the placebo group. Gastrointestinal disorders 
occurred in 5.0% and 4.4% of patients, respectively. 
The authors concluded that oral semaglutide signifi-
cantly reduces the risk of cardiovascular events in pa-
tients with T2D and comorbidities without increasing 
the incidence of serious adverse events.

According to the New England Journal of Medicine

Researchers from China assessed the effectiveness 
of aggressive ablation in patients with persistent 

atrial fibrillation (AF). They analyzed data from 3,120 
patients who underwent catheter ablation for per-
sistent AF. The study found that 66.2% of patients who 
received aggressive ablation had no recurrence of AF 
or atrial tachycardia within one year of follow-up, 
compared to 59.3% in the standard ablation group.

According to the EP Europace journal

According to a study conducted by U.S. scientists, 
patients over the age of 80 who take antihyperten-

sive medications and maintain a systolic blood pres-
sure (SBP) below 130 mmHg have a 26% lower risk 
of death from cardiovascular diseases compared to 
those with SBP levels of 130–160 mmHg.

The analysis demonstrated that the risk of death 
was 26% lower in the group with SBP <130 mmHg 
than in the 130–160 mmHg group. The study involved 
1,593 individuals over the age of 80. During the aver-
age follow-up period, 46% of deaths were related to 
cardiovascular diseases.

According to the JACC

Scientists conducted a study suggesting that the 
high level of cardiovascular health may slow down 

age-related brain changes and reduce the risk of de-
mentia.

The analysis included 10,802 participants from 
the Chicago Health and Aging Project (CHAP), with a 
mean age of 73. Cardiovascular health was assessed 
using the Life’s Simple 7 scale, which includes phys-
ical activity, diet, body mass index, smoking status, 
cholesterol, blood pressure, and glycemic control.

The results showed that participants with high 
CVH scores (10–14 points) had lower levels of neuro-
filament light chain (NfL), a biomarker of axonal dam-
age associated with neurodegeneration.

According to the JAMA Network Open

Taiwanese researchers assessed the long-term 
cardiovascular risks in patients who survived Ste-

vens-Johnson syndrome or toxic epidermal necroly-
sis.

The analysis revealed that these patients had a 
65% higher risk of stroke and a 58% higher risk of 
coronary heart disease compared to the control 
group. Furthermore, cardiovascular mortality was 
increased by 69% for stroke and 55% for coronary 
heart disease among survivors of Stevens-Johnson 
syndrome or toxic epidermal necrolysis.

The authors concluded that patients who had ex-
perienced these conditions remained at elevated car-
diovascular mortality risk for several years after the 
initial illness.

According to the JAMA

A new robotic device for performing external cardiac 
massage has been invented in Moscow. The de-

vice allows healthcare workers to keep their hands 
free for other vital procedures, such as administering 
injections.

The apparatus can function continuously for up to 
92 minutes and can be used by emergency medical 
teams, rescue teams, and hospitals.

The medical device has been patented and has re-
ceived official registration from Roszdravnadzor, con-
firming its safety and efficacy.

According to the Press Service of the Mayor 
and Government of Moscow

Experts analyzed the association between changes 
in blood pressure (BP) during the first half of preg-

nancy and the future risk of hypertension.
Data from 175,000 women without a history of 

hypertension, kidney, liver, or heart disease, or pre-
eclampsia were analyzed. The follow-up period after 
childbirth was 14 years.

The analysis showed that women with persistently 
elevated BP levels during the first 20 weeks of preg-
nancy were most likely to develop hypertension in the 
following years.

The authors concluded that BP trajectories during 
the first half of pregnancy can help identify a previ-
ously unrecognized risk group for developing hyper-
tension and cardiovascular disease.

According to the Hypertension journal

Review of international medical news
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HELIOS-B. Transthyretin amyloid cardiomyopathy 
is a progressive disease with a poor life prognosis. 
In a double-blind randomized study involving 655 

patients, vutrisiran, a small interfering ribonucle-
ic acid that blocks transthyretin synthesis in the liv-
er when administered subcutaneously, was given at 
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a dose of 25 mg subcutaneously (n=326) or placebo 
(n=329) every 12 weeks for a total of three doses. 
Over a 42-month follow-up period, the incidence of 
the primary composite endpoint—death from any 
cause, cardiovascular-related hospitalization, or an 
urgent visit for heart failure (HF) — ​was reduced by 
28% (p=0.01) in the vutrisiran group among patients 
also receiving tafamidis and by 33% in the vutrisir-
an monotherapy group (p=0.02). Additionally, the risk 
of death from any cause decreased by 35% (p=0.01) 
compared to placebo. Treatment with vutrisiran was 
associated with a smaller decline in the 6-minute 
walk test distance (p<0.001) and a lesser deteriora-
tion in the Kansas City Cardiomyopathy Questionnaire 
quality-of-life score (p<0.001). The incidence of ad-
verse events did not significantly differ between the 
vutrisiran and placebo groups [1].

ABYSS. The optimal duration of beta-blocker ther-
apy after an uncomplicated myocardial infarction 
(MI) remains uncertain. In a multicenter, open-label 
randomized trial involving 3,698 patients who had 
suffered an MI on average 2.9 years before enroll-
ment, with a left ventricular ejection fraction (LVEF) 
of at least 40% and no cardiovascular events in the 
previous six months, beta-blocker therapy was ei-
ther discontinued (n=1,846) or continued (n=1,852). 
The primary composite endpoint — ​death, non-fatal 
MI, non-fatal stroke, or cardiovascular-related hos-
pitalization—occurred in 23.8% of patients in the 
discontinuation group versus 21.1% in the continu-
ation group (p=0.44 for non-inferiority) over a medi-
an follow-up of 3.0 years Discontinuing beta-blocker 
therapy did not improve patients’ quality of life. Thus, 
stopping beta-blockers was not inferior to continuing 
their use in terms of secondary prevention of cardio-
vascular diseases (CVD) after MI, while quality of life 
did not improve in patients who discontinued these 
medications [2].

STOP-or-NOT. The optimal preoperative manage-
ment strategy for patients taking angiotensin-con-
verting enzyme inhibitors (ACE inhibitors) or angio-
tensin receptor blockers (ARBs) remains uncertain, 
leading to conflicting recommendations. Patients 
who had been taking ACE inhibitors (46%) or ARBs 
(54%) for at least three months and were scheduled 
for major non-cardiac surgery were randomized to 
either continue their medication up to the day of sur-
gery (n=1,107) or discontinue it 48 hours before sur-
gery (n=1,115). The primary composite endpoint — ​

death from any cause and major postoperative com-
plications within 28 days after surgery — ​occurred at 
a similar rate in both the continuation and discontin-
uation groups (p=0.85). However, intraoperative hy-
potension episodes were 31% more frequent in the 
continuation group, while rates of acute kidney injury, 
postoperative organ failure, hospital stay duration, 
and intensive care unit length of stay within 28 days 
after surgery did not significantly differ. Thus, in pa-
tients undergoing major non-cardiac surgeries, con-
tinuing ACE inhibitors or ARBs preoperatively was not 
associated with a higher rate of postoperative com-
plications compared to discontinuing these medica-
tions before surgery [3].

BedMed and BedMed-Frail. Some studies sug-
gested that taking antihypertensive medications at 
night could reduce the risk of adverse cardiovascular 
outcomes, but subsequent research failed to confirm 
this. In the open-label prospective BedMed trial, pa-
tients with hypertension (mean age 67 years) were 
randomized to receive medications from one of five 
main classes, most often as monotherapy, once dai-
ly at bedtime (n=1,677) or in the morning (n=1,680). 
Medication adherence was 88% for evening dosing 
and 97% for morning dosing over six months. After a 
mean follow-up of 4.6 years, the primary composite 
endpoint—death from any cause or hospitalization/
emergency visit for stroke, acute coronary syndrome 
(ACS), or chronic heart failure (CHF) — ​occurred at 
similar rates in both groups (p=0.70). In the BedMed-
Frail study with a similar design, elderly hypertensive 
patients (mean age 88 years) received medications 
from the same five classes, again mostly as mono-
therapy, once daily at bedtime (n=394) or in the morn-
ing (n=382). The sum of events for the primary end-
point was again recorded at comparable frequencies 
in both groups (p=0.28). According to the authors, pa-
tients taking once-daily antihypertensive medications 
can take them at any convenient time based on their 
preferences and habits. However, adherence is gen-
erally better with morning dosing.

Meta-analysis of nighttime antihypertensive 
medication use. A patient-level meta-analysis in-
cluded data from the BedMed (n=3,357), BedMed-
Frail (n=776), Hygia (n=19,168), MAPEC (n=2,201), 
and TIME (n=21,104) trials. The primary endpoint 
(all-cause mortality, MI, stroke, or worsening HF) oc-
curred 29% less frequently in the nighttime dosing 
group compared to the morning dosing group, but 
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this difference was not statistically significant. There 
were also no significant differences in safety out-
comes (emergency hospitalization, bone fractures, 
glaucoma, cognitive impairment) between the two 
groups. According to the meta-analysis authors, pre-
scribing antihypertensive therapy at night does not 
reduce the risk of major cardiovascular events, mor-
tality, or affect treatment safety compared to morning 
dosing. Therefore, once-daily antihypertensive medi-
cations can be taken at a time that best suits the pa-
tient’s preferences and circumstances. The available 
evidence does not support the chronotherapy concept 
in AH treatment.

GMRx2. Fixed-dose combinations of three or more 
low-dose antihypertensive agents in a single tablet 
show promise for initial or early hypertension treat-
ment. In this randomized, double-blind, placebo-con-
trolled trial, adults with hypertension (home systolic 
blood pressure [SBP] 130–154 mmHg after a two-
week placebo run-in) were assigned in a 2:2:1 ratio 
to receive:

•	 ¼-dose combination: Telmisartan 10 mg / 
Amlodipine 1.25 mg / Indapamide 0.625 mg

•	 ½-dose combination: Telmisartan 20 mg / 
Amlodipine 2.5 mg / Indapamide 1.25 mg

•	 Placebo
The primary efficacy endpoint was the change in 

home SBP from randomization to week 4, while the 
primary safety endpoint was treatment discontinua-
tion due to adverse events. At week 4, the placebo-ad-
justed mean home SBP reductions were −7.3 mmHg 
(¼-dose) and −8.2 mmHg (½-dose). Office SBP reduc-
tions were −8.0 mmHg (¼-dose) and −9.5 mmHg (½-
dose). Blood pressure control (<140/90 mmHg) was 
achieved by 37% (placebo), 65% (¼-dose), and 70% 
(½-dose) of patients (p<0.001 vs. placebo). Treatment 
discontinuation due to adverse events occurred in 
1.6% (placebo), 0% (¼-dose), and 5.1% (½-dose). 
Electrolyte disturbances were comparable across 
groups. This trial adds to growing real-world evi-
dence supporting low-dose triple fixed-dose combi-
nation therapy as an effective first-line AH treatment 
strategy [4].

QUADRO. In a double-blind controlled study, 183 
patients with an initial average office SBP of 150.3 
mmHg and diastolic blood pressure (DBP) of 90.0 
mmHg initially received triple fixed-dose combina-
tions of perindopril, indapamide, and amlodipine at 
doses of 10/2.5/5 mg or 10/2.5/10 mg daily for 8 weeks 

with good tolerability. If uncontrolled BP persisted af-
ter 8 weeks (office SBP ≥ 140 mmHg and 24-hour am-
bulatory SBP ≥ 130 mmHg), patients were random-
ized 1:1 to either continue the same triple therapy 
or receive a single tablet containing perindopril, in-
dapamide, amlodipine, and bisoprolol (10/2.5/5/5 mg 
or 10/2.5/10/5 mg daily) for 8 weeks. After 8 weeks, 
the mean office SBP in a seated position decreased 
by 20.67 mmHg in the quadruple therapy group and 
by 11.32 mmHg in the triple therapy group (adjust-
ed difference –8.04 mmHg; p<0.0001). The quadruple 
therapy group also had lower mean 24-hour ambu-
latory SBP (–7.53 mmHg; p<0.0001) and mean office 
DBP in a seated position (-6.14  mmHg; p<0.0001). 
Office BP control (<140/90 mmHg) was achieved in 
66.3% vs. 42.7% (p=0.001), ambulatory BP normal-
ization (mean 24-hour BP <130/80 mmHg) in 51.2% 
vs. 20.7% (p<0.0001), and home BP normaliza-
tion (<135/85 mmHg) in 60.7% vs. 25.4% of patients 
(p<0.0001) in the quadruple and triple therapy groups, 
respectively. There were no significant differences 
in the frequency of adverse effects between the two 
groups, and no serious adverse events were reported.

VERONICA-Nigeria. The study included 300 
Nigerian adults with uncontrolled hypertension 
(mean home BP 151/97 mmHg and office BP 156/97 
mmHg), who were either untreated initially or receiv-
ing a single antihypertensive drug. After randomiza-
tion, patients were treated with a triple fixed-dose 
combination of telmisartan, amlodipine, and in-
dapamide at doses of 10/1.25/0.625 mg, 20/2.5/1.25 
mg, and 40/5/2.5 mg with accelerated titration or 
with standard therapy, which started with amlodip-
ine (5 mg/day), adding losartan (50–100 mg/day), 
and then hydrochlorothiazide (25 mg/day). By the 6th 
month of treatment, the mean home SBP decreased 
by 31 mmHg in the fixed-dose combination group and 
by 26 mmHg in the standard therapy group (adjusted 
difference –5.8 mmHg; p<0.001). The clinic BP con-
trol rate (<140/90 mmHg) was 82% vs. 72%, and home 
BP control (<130/80 mmHg) was 62% vs. 28% in the 
fixed-dose combination group compared to the stan-
dard therapy group. None of the participants discon-
tinued treatment due to adverse effects [5].

RESHAPE-HF2. To assess the potential benefits 
of interventional treatment, 505 patients with HF and 
moderate or severe functional mitral regurgitation 
were randomized into groups receiving transcath-
eter mitral valve reconstruction alongside guide-
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line-directed medical therapy (device group; n=250) 
or medical therapy alone (control group; n=255). The 
combined rate of first/recurrent HF hospitalization or 
cardiovascular death over 24 months was 36% lower 
(p=0.002), the rate of first or recurrent HF hospitaliza-
tion over 24 months was 41% lower (p=0.002), and the 
Kansas City Cardiomyopathy Questionnaire (KCCQ) 
quality of life score significantly improved (p<0.001) 
in the device group compared to the control group [6].

MATTERHORN. Guidelines for the treatment of 
patients with HF and secondary mitral regurgitation 
mention both transcatheter edge-to-edge repair and 
surgical mitral valve procedures, but randomized tri-
al data comparing these methods have been lacking. 
A total of 210 patients receiving guideline-directed 
medical therapy were randomized to either tran-
scatheter (intervention group) or surgical mitral valve 
repair or replacement (surgery group). At 1-year fol-
low-up, the primary efficacy endpoint (composite of 
death, HF hospitalization, repeat mitral valve inter-
vention, left ventricular assist device (LVAD) implan-
tation, or stroke) occurred in 16.7% versus 22.5% of 
patients (p<0.001 for non-inferiority), while the com-
posite rate of major adverse events within 30 days 
after the procedure was 14.9% in the intervention 
group versus 54.8% in the surgery group (p<0.001 for 
non-inferiority). Among patients with HF and second-
ary mitral regurgitation, transcatheter edge-to-edge 
repair was non-inferior to surgical mitral valve proce-
dures regarding adverse clinical outcomes at 1 year 
[7].

Tri.Fr. Patients with severe symptomatic tricuspid 
regurgitation were randomized into a group receiv-
ing transcatheter tricuspid valve repair plus optimal 
medical therapy (n=152) or optimal medical therapy 
alone (n=148). After 1 year, improvement in NYHA 
functional class and overall health assessment was 
observed in 74.1% of patients in the interventional 
group versus 40.6% in the conservative treatment 
group. The mean overall score on the Kansas City 
Cardiomyopathy Questionnaire was also better in the 
interventional group (p<0.001). Severe or massive tri-
cuspid regurgitation was present in 6.8% of patients 
in the interventional group versus 53.5% in the me-
diction therapy-only group (p<0.001) [8].

ASSURE DES. Patients who had received a 
drug-eluting stent more than a year prior to elective 
non-cardiac surgery were randomized to either con-
tinue aspirin monotherapy (n=462) or discontinue all 

antiplatelet therapy five days before surgery (n=464). 
Antiplatelet therapy was recommended to be re-
sumed no later than 48 hours post-surgery if no con-
traindications were present. The primary endpoint—
composite of all-cause death, MI, stent thrombosis, 
or stroke occurring between five days before and thir-
ty days after non-cardiac surgery — ​was observed in 
0.6% of patients in the aspirin monotherapy group 
and 0.9% in the antiplatelet therapy interruption 
group (p>0.99). No cases of stent thrombosis were 
recorded in either group. The rate of major bleeding 
did not differ significantly between groups (6.5% vs. 
5.2%; p=0.39), while minor bleeding was significantly 
more frequent in the aspirin group (14.9% vs. 10.1%; 
p=0.027) [9].

SWEDEGRAFT. The “no-touch” vein harvesting 
technique, which leaves a small amount of surround-
ing tissue intact, is intended to prevent venous spasm 
and eliminate the need for vessel dilation during cor-
onary artery bypass grafting (CABG). A total of 902 
patients were randomized into groups undergoing 
either no-touch or conventional vein harvesting. The 
primary endpoint — ​graft failure (defined as occlu-
sion or stenosis >50% based on coronary computed 
tomography angiography, percutaneous interven-
tion on the venous graft, or death within two years of 
CABG) — ​  was observed at 3.5 years in 19.8% of pa-
tients in the no-touch group versus 24.0% in the con-
ventional harvesting group (p=0.15). Additionally, no 
significant differences were found between the groups 
in the composite endpoint of death, MI, or repeat re-
vascularization (12.6% vs. 9.9%; p=0.195). However, at 
three months, wound complications were significant-
ly more frequent in patients who underwent no-touch 
harvesting (24.7% vs. 13.8%). Two years post-surgery, 
leg wound-related symptoms persisted in 49.6% of 
patients in the no-touch group compared to 25.2% in 
the conventional harvesting group. Consequently, the 
no-touch vein harvesting technique does not surpass 
the conventional method in preventing venous graft 
occlusion or improving mid-term clinical outcomes in 
patients undergoing elective CABG and is associated 
with a higher risk of early wound complications and 
residual symptoms.

TIGHT K. To determine the optimal potassium level 
to maintain for the prevention of postoperative atrial 
fibrillation (AF), 1690 patients who underwent cardiac 
surgery and had no prior history of heart arrhythmias 
were randomized to receive potassium supplemen-
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tation if their serum potassium dropped below 4.5 
mmol/L (strict correction group) or 3.6 mmol/L (soft 
correction group). The primary endpoint, clinically 
diagnosed and electrocardiographically confirmed 
new-onset AF within 120 hours post-CABG or prior 
to hospital discharge, occurred in 26.2% of patients 
in the strict correction group and 27.8% in the soft 
correction group. Potassium supplementation when 
serum potassium was below 3.6 mmol/L did not show 
inferior results compared to the more common prac-
tice of maintaining potassium levels above or equal to 
4.5 mmol/L for preventing new-onset AF after cardiac 
surgery. A lower threshold for potassium supplemen-
tation was not associated with an increased risk of 
arrhythmias or adverse clinical outcomes [10].

NOTION-3. The benefit of percutaneous coronary 
intervention (PCI) in patients with stable coronary 
heart disease (CHD) and severe aortic stenosis un-
dergoing transcatheter aortic valve implantation 
(TAVI) remains unclear. Patients with symptomatic 
severe aortic stenosis and at least one coronary ar-
tery stenosis with a fractional flow reserve ≤0.80 or 
≥90% stenosis were randomized to PCI (n=227) or 
conservative treatment (n=228), with all undergo-
ing TAVI. With a median follow-up time of 2 years, 
the primary endpoint (all-cause death, MI, or urgent 
revascularization) was observed in 26% of the PCI 
group and 36% of the conservative treatment group 
(p=0.04), while bleeding complications were observed 
in 28% and 20% of patients, respectively. These re-
sults suggest a prognostic benefit of PCI in patients 
with stable CHD undergoing TAVI [11].

PAUSE TAVI. One-third of patients undergoing 
TAVI require oral anticoagulation therapy due to co-
morbid conditions, and discontinuing anticoagulation 
during the procedure may reduce the risk of bleeding, 
whereas continuing it may reduce the risk of throm-
boembolism. In an open-label, non-inferiority trial, 
patients scheduled for TAVI were randomized to con-
tinue (n=431) or discontinue (n=427) oral anticoagula-
tion during the peri-procedural period. The primary 
endpoint, a composite of cardiovascular death, any 
stroke, MI, major vascular complications, or major 
bleeding within 30 days of the procedure, occurred in 
16.5% of patients in the continuation group and 14.8% 
in the discontinuation group (p=0.18 for non-inferior-
ity). Thromboembolic complications occurred in 8.8% 
versus 8.2%, and bleeding complications in 31.1% 
versus 21.3%, respectively. Peri-procedural contin-

uation of oral anticoagulation was not inferior to its 
discontinuation in terms of ischemic and hemorrhag-
ic complications within 30 days after TAVI [12].

RHEIA. In a first-ever trial, only female patients 
(n=443) with severe aortic stenosis (either high or 
low gradient) were randomized 1:1 to TAVI using a 
third-generation balloon system (Edwards Sapien, 
Sapien Ultra) with femoral artery access or surgi-
cal aortic valve replacement (Edwards Magna Ease, 
Intuityn Livanova Perceval). Over a 1-year period, the 
primary endpoint (a composite of all-cause death, 
stroke, rehospitalization due to valve- or proce-
dure-related symptoms, or worsening heart failure) 
occurred in 8.9% of patients in the TAVI group versus 
15.6% in the surgery group (p=0.03). The main rea-
sons for these differences were fewer rehospitaliza-
tions due to valve- or procedure-related symptoms or 
worsening HF (4.8% vs. 11.4%; p=0.02), fewer cases of 
atrial fibrillation (3.3% vs. 28.8%; p<0.001), and short-
er hospital stays (4 days vs. 9). However, the rate of 
pacemaker implantation was higher in the TAVI group 
(8.8%) compared to the surgical group (2.9%; p=0.01). 
The valves implanted via TAVI had higher mean pres-
sure gradients (p<0.001) and smaller effective orifice 
areas (p<0.001) at 1 month and 1 year, and a higher 
frequency of mild paravascular aortic regurgitation 
(15.5% vs. 2.4%; p<0.001) compared to those replaced 
surgically. This is the first study to compare TAVI with 
surgical aortic valve replacement specifically in wom-
en, laying the foundation for future specialized stud-
ies in women in cardiovascular surgery.

STEEER-AF. This study was conducted in 70 cen-
ters across six European countries as part of a tar-
geted educational program aimed at improving ad-
herence to Class I and III guidelines for the treatment 
of AF, with a particular focus on stroke prevention, 
sinus rhythm control, and the integration of medical 
care. The participating centers were randomized to 
receive the educational program or to continue the 
usual practice. A total of 1732 patients were included, 
and their treatments were surveyed. Initially, adher-
ence to all Class I or III recommendations was 61.0% 
for stroke prevention and 21.0% for sinus rhythm con-
trol, both of which were much lower than expected. 
After the educational intervention, with a median fol-
low-up of 7.7 months, there was a significant impact 
on rhythm control but no effect on stroke prevention. 
The adherence rate for rhythm control increased from 
20.5% to 22.9% in the control group and from 21.4% 



9
International Heart and Vascular Disease Journal. Volume 13, № 45, March 2025
ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

to 33.9% in the experimental group, showing a much 
larger effect of the educational program. Adherence 
to stroke prevention guidelines increased from 58.6% 
to 60.9% in the control group and from 63.4% to 67.5% 
in the experimental group, indicating no significant 
differences between the groups.

OCEANIC AF. Stroke prevention in patients with AF 
using direct oral anticoagulants (DOACs) is associ-
ated with an increased risk of bleeding, which limits 
their use. Asundexian, an activated factor XI inhibi-
tor, is an oral anticoagulant that may prevent strokes 
with a lower risk of bleeding. In a phase 3 study, pa-
tients with AF (mean CHA2DS2-VASc score 4.3 ± 1.3) 
were randomized to receive asundexian at a dose of 
50 mg once daily (n=7415) or standard treatment with 
apixaban (n=7395). The primary objectives were to 
determine if asundexian was at least non-inferior to 
apixaban in preventing stroke or systemic embolism 
and whether asundexian was superior to apixaban in 
terms of major bleeding. The study was prematurely 
terminated on the recommendation of an indepen-
dent data monitoring committee. Stroke or systemic 
embolism occurred in 1.3% of patients assigned to 
asundexian and 0.4% in the apixaban group (rela-
tive risk (RR) 3.79), while major bleeding occurred in 
0.2% and 0.7%, respectively (RR 0.32). The hypothesis 
that asundexian would have comparable efficacy and 
superior safety compared to apixaban was not con-
firmed [13].

EPIC-CAD. Patients with AF (mean CHA2DS2-VASc 
score 4.3) and stable CHD were randomized to receive 
either edoxaban monotherapy (n=524) or dual anti-
thrombotic therapy with edoxaban and an antiplatelet 
agent (n=516). After 12 months, the primary endpoint 
(all-cause death, MI, stroke, systemic embolism, un-
planned urgent revascularization, and major or clin-
ically significant minor bleeding) occurred in 6.8% of 
the edoxaban monotherapy group and 16.2% in the 
dual therapy group (p<0.001). The cumulative rate 
of major ischemic events was similar between the 
groups. Major or clinically significant minor bleeding 
occurred in 4.7% of patients in the edoxaban mono-
therapy group and 14.2% in the dual therapy group. 
The results support current clinical guidelines rec-
ommending anticoagulant monotherapy for patients 
with AF and stable CHD [14].

FINEARTS-HF. In a double-blind trial, patients 
with HF and LVEF ≥40% were randomized to receive 
finerenone at maximum doses of 20 mg or 40 mg 

once daily (n=3003) or placebo (n=2998) in addition 
to standard therapy. Over a median follow-up of 32 
months, the primary endpoint (unplanned hospital-
ization or urgent visit due to HF and cardiovascular 
death) occurred 16% less frequently in the finerenone 
group compared to the placebo group (p=0.007), with 
18% fewer cases of HF worsening (p=0.006) and 7% 
fewer cardiovascular deaths. The finerenone group 
had a higher risk of hyperkalemia but a lower risk of 
hypokalemia [15].

MRAs in Heart Failure. A pre-specified meta-anal-
ysis at the individual patient level included data from 
the RALES (spironolactone) and EMPHASIS-HF 
(eplerenone) trials, which involved patients with HF 
and reduced LVEF, as well as from the TOPCAT (spi-
ronolactone) and FINEARTS-HF (finerenone) trials, 
which included patients with HF and mildly reduced 
or preserved LVEF. A total of 13,846 patients were in-
cluded across these four studies. Mineralocorticoid 
receptor antagonists (MRAs) reduced the risk of 
cardiovascular death or hospitalization due to heart 
failure by 23%. The risk of the composite event was 
reduced by 34% in patients with HF and reduced LVEF 
and by 13% in those with HF and mildly reduced or 
preserved LVEF. Specifically, hospitalization for HF 
was reduced by 37% and 18%, cardiovascular death 
by 28% and 8%, and all-cause mortality by 27% and 
6% in patients with HF with reduced and mildly re-
duced or preserved LVEF, respectively. Treatment 
with MRAs increased the risk of hyperkalemia by 
2.27 times and reduced the risk of hypokalemia 
(<3.5 mmol/L) by 49% [16].

FINE-HEART. Cardiovascular-renal-metabolic 
syndrome is a new category that links CVD, chronic 
kidney disease (CKD), and diabetes mellitus (DM). 
The nonsteroidal mineralocorticoid receptor antag-
onist finerenone was studied in three randomized 
prospective clinical trials in patients with cardio-
vascular-renal-metabolic syndrome: FIDELIO-DKD, 
FIGARO-DKD, and FINEARTS-HF, involving a total of 
18,991 patients. Over a median follow-up of 2.9 years, 
the primary endpoint of the meta-analysis—cardio-
vascular death—occurred in 4.4% of patients receiv-
ing finerenone and in 5.0% of those receiving place-
bo (p=0.076). All-cause mortality occurred in 11.0% 
of the finerenone group and in 12.0% of the placebo 
group (p=0.027). Finerenone also significantly re-
duced the risk of hospitalization for heart failure by 
17% (p<0.001) and the composite kidney outcome by 
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20% (p<0.001). Although this pooled analysis did not 
demonstrate a significant reduction in cardiovascular 
mortality, treatment with finerenone was associated 
with a significantly lower risk of all-cause death, ad-
verse cardiovascular, and renal outcomes [17].

SENIOR-RITA. In a prospective study, 1,518 patients 
with non-ST elevation myocardial infarction (NSTEMI) 
aged ≥75 years (mean age 82 years) were randomized 
1:1 to receive an invasive strategy — ​coronary angi-
ography and revascularization plus the best available 
medical therapy (n=753) — ​or a conservative strate-
gy — ​best available medical therapy alone (n=765). 
Over a median follow-up of 4.1 years, the primary 
endpoint (the composite of cardiovascular death or 
non-fatal MI) was observed in 25.6% of patients in 
the invasive strategy group and 26.3% in the conser-
vative strategy group (p=0.53). Cardiovascular death 
occurred in 15.8% of patients in the invasive strategy 
group and 14.2% in the conservative strategy group, 
while non-fatal MI occurred in 11.7% and 15.0% of 
patients, respectively. Complications from the inva-
sive procedure occurred in less than 1% of patients. 
In elderly patients, an invasive strategy for treating 
NSTEMI did not significantly reduce the total risk of 
cardiovascular death or non-fatal MI compared to a 
conservative strategy [18].

EARTH-STEMI. A meta-analysis using databases 
such as PubMed, Embase, and Cochrane was con-
ducted to analyze individual patient data from 7 ran-
domized clinical trials involving patients aged ≥75 
years with STEMI. These studies compared complete 
revascularization (n=816) with revascularization of 
only the infarction-related artery (n=917). Complete 
revascularization, compared with selective revascu-
larization, significantly reduced the risk of the pri-
mary endpoint (death, MI, or revascularization due 
to ischemia) by 22% over a follow-up period of up to 
4 years, but not over the maximum follow-up period 
(–17%). Additionally, complete revascularization sig-
nificantly (by 24%) reduced the risk of cardiovascular 
death or MI during the maximum follow-up period. 
There was no difference in long-term mortality be-
tween the groups receiving complete and partial re-
vascularization [19].

SCOFF. Currently, the recommended fasting be-
fore a cardiology procedure with conscious seda-
tion involves 6 hours of fasting from solid food and 
2 hours from liquids, which is not based on research 
evidence. Patients scheduled for coronary angiogra-

phy, PCI, or implantation of electronic devices were 
randomized 1:1 into groups with the recommended 
fasting (n=358) or without fasting (n=358). The prima-
ry endpoint (the composite of aspiration pneumonia, 
hypotension, hyperglycemia, and hypoglycemia) oc-
curred in 19.1% of patients in the fasting group and 
in 12.0% in the non-fasting group. The non-fasting 
group had better patient satisfaction scores. There 
were no significant differences in the need for non-in-
vasive and invasive mechanical ventilation, ICU ad-
missions, rehospitalization, pneumonia, and 30-day 
mortality. These results support the cancellation of 
fasting requirements for patients undergoing cardiol-
ogy procedures (such as catheterization) that require 
conscious sedation [20].

STROKESTOP II. In a randomized mass screen-
ing program for AF among 75–76-year-old residents 
of Stockholm, Sweden, the goal was to determine 
whether an invitation for screening would reduce 
the risk of thromboembolic events compared to a 
control group that was not invited for screening. Of 
the 6,843 invited individuals, 49% accepted the invi-
tation. For participants with no known AF, the levels 
of N-terminal pro-B-type natriuretic peptide were 
analyzed to stratify them into high-risk (≥125 ng/L) 
and low-risk (<125 ng/L) groups. The low-risk group 
(40%) underwent a single episode of screening with 
a one-channel electrocardiogram (EKG), while the 
high-risk group (60%) underwent more intensive 
home screening (4 times a day for 2 weeks) with EKG 
registration using a portable one-channel device. AF 
was newly diagnosed in 2.4% of all participants. With 
a median follow-up time of 5 years, there were no dif-
ferences in the risk of stroke or systemic embolism 
between the intervention group (including those who 
attended the screening and those who were invited 
but did not attend) and the control group. The risk of 
stroke or systemic embolism was 41% lower in the 
low-risk group compared to the control group. In the 
high-risk group, the likelihood of developing new AF 
over 5 years was more than twice as high, and the risk 
of ischemic stroke or systemic embolism was 57% 
higher compared to the low-risk group.

GUARD-AF. Using the Zio XT monitor, which is ad-
hesive and placed on the skin, continuous EKG mon-
itoring was conducted for 14 days to answer whether 
detecting AF in elderly individuals with previously un-
diagnosed arrhythmia would reduce stroke incidence 
compared to usual treatment. A total of 11,905 partic-
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ipants were randomized into screening or usual care 
groups. There was a 52% increase in new AF diag-
noses, an increase in the use of oral anticoagulants 
without a rise in hospitalization for bleeding, but no 
significant reduction in hospitalizations for any stroke 
compared to usual care over a maximum follow-up 
of 2.5 years. The researchers cautioned that their re-
sults should not be considered final due to early ter-
mination of the study because of the COVID-19 pan-
demic and fewer clinical events than expected.

MIRACLE-AF. This study involved 1,039 patients 
aged ≥65 years with AF from rural clinics in China. 
The clinics were randomized to receive either tele-
medicine-integrated care (intervention group) or 
extended usual care (control group). Treatment in 
both groups was provided by doctors who underwent 
additional training in comprehensive care based on 
the principles of Atrial Fibrillation Better Care (ABC). 
However, only the intervention group had access to the 
telemedicine platform. After 1 year, 33% of patients in 
the intervention group and 8.8% in the control group 
met all three ABC criteria, and after 3 years, 42% and 
10%, respectively. Over 3 years, the combined prima-
ry endpoint (cardiovascular death, any stroke, hos-
pitalization due to worsening heart failure or acute 
coronary syndrome, and emergency visits due to AF) 
was 36% lower in the intervention group compared to 
the control group. Specifically, the risk of cardiovas-
cular death was 50% lower in the intervention group, 
and the risks of any stroke and hospitalization due to 
worsening heart failure or acute coronary syndrome 
were 36% and 31% lower, respectively, compared to 
the control group. Telemedicine for AF care in rural 
settings was found to be an effective and feasible 
strategy that could be scaled in areas with limited ac-
cess to healthcare.

SHAM-PVI. There have been concerns that pulmo-
nary vein isolation for AF could have a strong placebo 
effect, but no double-blind randomized clinical tri-
als have been conducted on this issue. To determine 
whether pulmonary vein isolation is more effective 
than a sham procedure, patients with symptomat-
ic paroxysmal or persistent AF were randomized to 
either cryoablation (n=64) or sham procedure using 
diaphragmatic nerve stimulation (n=62). AF burden 
was assessed at 6 months using an implantable loop 
recorder. The absolute mean reduction in AF burden 
from baseline to 6 months was 60.31% in the abla-
tion group and 35.0% in the sham procedure group 

(p<0.001). In the ablation group, patients showed a 
significant advantage in the overall impact of AF on 
quality of life and general health according to the 
Short Form scale [21].

SUPPRESS-AF. This study involved 1,347 patients 
with persistent AF undergoing their first catheter 
ablation. Among them, 343 patients (25.5%) were 
found to have low-voltage areas in the left atrium ≥5 
cm² and were randomized 1:1 to receive either abla-
tion of low-voltage areas in addition to the standard 
procedure (n=170) or standard pulmonary vein iso-
lation (n=171, control). Recurrences of arrhythmia 
were monitored using 24-hour continuous EKG at 6 
and 12 months after ablation, along with twice-daily 
home EKG recording for 1 year. The primary endpoint, 
recurrence of AF or atrial tachycardia within a year 
without antiarrhythmic drug prophylaxis, was found 
in 61% of the patients in the additional ablation group 
and 50% in the standard treatment group, as well as 
63% versus 55%, respectively, when antiarrhythmic 
drugs were used. However, in the subgroup with left 
atrial dilation (diameter ≥45 mm), the additional ab-
lation of low-voltage areas reduced the recurrence of 
AF by 40%. The rate of serious complications, such as 
stroke, was very low and comparable between groups 
(1.7% versus 1.8%, respectively). The study suggested 
that ablation targeting low-voltage areas in the left 
atrium in addition to standard pulmonary vein isola-
tion should be considered only in cases of significant 
left atrial dilation.

CRABL-HF. In the first randomized trial comparing 
radiofrequency catheter ablation (n=55) and cryobal-
loon catheter ablation (n=55) in patients with heart 
failure with reduced ejection fraction (HFrEF) and AF, 
continuous outpatient EKG monitoring was provid-
ed for patients with implanted electronic devices to 
record AF episodes. For patients without implanted 
devices, ambulatory ECG was recorded twice daily for 
1 year following a 90-day blinded period after the pro-
cedure. After 1 year, no significant differences were 
found in the frequency of episodes of atrial tachyar-
rhythmias lasting 30 seconds or longer, observed in 
21.8% of patients in the radiofrequency group and 
22.2% in the cryoballoon group. The cryoballoon pro-
cedure was significantly faster (median time of 101 
vs. 165 minutes) and required less infusion volume 
during the ablation, reducing the risk of worsening 
heart failure. No significant differences were found in 
the overall safety profile of the two ablation methods 
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(1 case of arteriovenous fistula in the radiofrequency 
group and 1 case of retroperitoneal hematoma in the 
cryoballoon group). There were no reports of worsen-
ing heart failure, symptomatic cerebral infarcts, tran-
sient ischemic attacks, pulmonary vein stenosis, atri-
oesophageal fistulas, or procedure-related deaths. 
Over 1 year, there were no differences in the total 
complication rate, including death from any cause or 
hospitalization for HF between the two groups, nor in 
quality of life as measured by the AFEQT question-
naire. The study concluded that the simpler cryobal-
loon ablation procedure is justified for treating AF in 
most patients with HFrEF.

OCCUPI. Patients with anatomically complex ath-
erosclerotic coronary artery lesions requiring PCI with 
drug-eluting stents were randomized 1:1 to receive 
control with optical coherence tomography (n=803) or 
standard angiographic control (n=801). Over a 1-year 
follow-up, the combined primary endpoint (cardiac 
death, MI, stent thrombosis, and revascularization of 
the target artery) occurred 38% less frequently in the 
optical coherence tomography control group, includ-
ing a 64% reduction in the risk of spontaneous MI or 
revascularization of the target artery.

INFINITY-SWEDEHEART. The bioadaptor is a new 
implant designed to restore hemodynamic modu-
lation of the artery, providing cyclic pulsation, va-
somotion, and adaptive remodeling, unlocking and 
supporting the artery dynamically. Patients with ACS 
(76.6% of cases) or stable CHD, with indications for 
PCI and three lesions suitable for implantation of one 
device at each lesion site, were randomized to re-
ceive the DynamX bioadaptor (n=1201) or the modern 
zotarolimus-eluting stent Resolute Onyx and Onyx 
Trustar (n=1198). After 12 months of follow-up, the 
primary endpoint — ​cardiovascular death, MI in the 
target artery zone, or revascularization of the target 
artery due to ischemia — ​occurred in 2.4% vs. 2.8% of 
patients in the bioadaptor and standard stent groups 
(p<0.0001 for non-inferiority), with device thrombosis 
(safety endpoint) occurring in 0.7% vs. 0.5%, with no 
significant difference between the groups [22].

REC-CAGEFREE I. Patients with uncomplicated 
CHD and indications for PCI were randomized 1:1 to 
balloon angioplasty with paclitaxel-coated balloons 
with the option for emergency stenting due to un-
satisfactory results (n=1133) or implantation of sec-
ond-generation sirolimus-eluting stents (n=1139). 
Over 24 months of follow-up, the events of the com-

bined primary endpoint (cardiovascular death, MI in 
the target artery zone, or clinically and physiologi-
cally justified revascularization of the target artery) 
occurred in 6.4% of patients in the angioplasty group 
and 3.4% in the stent implantation group, meaning 
the non-inferiority criterion for angioplasty was not 
met. Based on these results, in patients with uncom-
plicated CHD, modern stent implantation should re-
main the preferred treatment method [23].

PROTEUS. The use of artificial intelligence (AI) in 
cardiovascular imaging has the potential to improve 
clinical decision-making in the treatment of cardio-
vascular diseases. However, no prior prospective ran-
domized controlled trials have evaluated its impact 
on cardiovascular outcomes. This study assessed 
whether AI-based decision-making is at least as ef-
fective as standard decision-making in selecting pa-
tients for invasive coronary angiography after stress 
echocardiography. In the randomized trial, 2341 pa-
tients who underwent stress echocardiography were 
assigned to receive clinical decision-making using AI 
(intervention) or standard methods (control). The pri-
mary endpoint was appropriate referral for coronary 
angiography, with true positive results defined as se-
vere ischemic disease requiring revascularization in 
patients referred for invasive angiography, and false 
negatives as acute coronary events within 6 months. 
Decision-making using AI did not show superiority 
compared to the clinical approach in selecting pa-
tients for coronary angiography. Among the refer-
rals for angiography, 34 out of 49 were correct in the 
intervention group, and 27 out of 36 were correct in 
the control group. Of patients who should have been 
referred for angiography and subsequently experi-
enced ischemic events, 19 were in the AI group and 
22 in the control group, with no statistically signifi-
cant difference. The predictive accuracy of the logistic 
model (AUROC) for the intervention did not meet the 
“non-inferiority” criterion in the intervention group 
compared to the control group. Since AI-based de-
cision-making in stress echocardiography did not 
meet the non-inferiority endpoint, it cannot yet be 
considered as a primary approach for clinical deci-
sion-making [24].

RAPIDxAI. In a randomized trial, the impact of AI-
based decision support (intervention group) on cardio-
vascular disease outcomes was evaluated compared 
to usual care (control group) over 12 months in 14,131 
patients with suspected cardiac pain and myocardial 
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injury in the emergency department. After 6 months, 
the use of AI-based decision support in the emergen-
cy department did not significantly improve treatment 
to enhance cardiovascular outcomes. There were no 
significant differences in the primary endpoint events 
(cardiovascular death, MI, and unplanned re-hos-
pitalization for cardiovascular disease) between the 
intervention group (26.0%) and the control group 
(26.4%) (p=0.606). In patients discharged from the 
emergency department with the AI-based decision 
support system, the likelihood of death or MI with-
in 30 days was slightly lower than for those receiving 
usual care (0.86% vs. 1.1%; p<0.001 for non-inferiori-
ty). The study did not identify increased risks with the 
implementation of AI-based clinical decision support, 
confirming its safety.

WESTCOR-POC. A total of 1494 consecutive pa-
tients with symptoms suggesting ACS who were 
admitted to the emergency department were ran-
domized to either rapid (8-minute) cardiac troponin 

testing or standard testing in a central laboratory. In 
each group, the results of 0-hour and 1-hour tropo-
nin tests were compared. The median length of stay 
in the emergency department was 174 minutes in 
the rapid testing group compared to 180 minutes in 
the standard testing group. However, in patients who 
were seen earlier (within 60 minutes), rapid testing 
reduced the length of stay by 15 minutes (147 vs. 162 
minutes). In patients with non-ST elevation ACS, rap-
id testing reduced emergency department stay by 43 
minutes compared to standard testing (average 137 
vs. 180 minutes), and high-risk patients were trans-
ferred to the cardiology department more quickly. 
The sum of adverse outcomes such as death, MI, and 
urgent revascularization within 30 days was similar 
in both rapid and standard testing groups (11.4% vs. 
9.4%, respectively).
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The aim of the study is to determine the prevalence of 
coronary heart disease (CHD), sleep disorders, and neg-
ative affective states among men aged 55–64 years in an 
open urban population and to assess the likelihood of de-
veloping CHD with high levels of depression, hostility, vital 
exhaustion, and sleep disorders.
Methods. A cross-sectional study with an 85.0% response 
rate was conducted on a  representative sample of men 
aged 25–64 years in the city of Tyumen (n=1000). Standard 
epidemiological methods were used to determine the 
prevalence of CHD. High levels of depression, hostility, 
vital exhaustion, and sleep disorders among middle-aged 
individuals (55–64 years) were identified using algorithms 
from the WHO MONICA-MOPSY questionnaire.
Results. With a  lower prevalence of high levels of de-
pression in the open population and its increase among 
middle-aged men, the highest likelihood of developing 
definite CHD (DCHD) and CHD according to extended ep-
idemiological criteria was observed in the general popu-
lation, with a tendency to decrease in the sixth decade of 
life. In the presence of high levels of hostility at the age of 
55–64 years, the likelihood of developing CHD and DCHD 
increased by 2 and 5 times, respectively. In the same age 
category, with a  significant increase in vital exhaustion 
relative to the general population indicator, the likelihood 
of developing CHD with high levels of vital exhaustion was 
lower than in the general population, while the likelihood 
of developing DCHD increased by 12.5 times with its two-
fold increase in the general population. Among men aged 

55–64 years, with a  significant increase in sleep disor-
ders, the likelihood of developing CHD in the presence of 
sleep disorders did not differ significantly from the gen-
eral population indicator, but there was a twofold increase 
in the likelihood of developing DCHD.
Conclusion. Thus, the analysis of identifying psychosocial 
risk factors in middle-aged men and the associations of 
their high levels with the development of CHD appears 
necessary for use in forming preventive programs aimed 
at reducing high cardiovascular risk in an open urban 
population. These programs should primarily focus on 
regulating psychological parameters.
Keywords: open population, epidemiologic study, psycho-
social factors, coronary heart disease.
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Introduction
According to the results of the WHO-MONICA project, 
conventional risk factors (RFs) explain only 50% of the 
occurrence of cardiovascular diseases (CVDs) [1, 2]. It 
has now been proven that psychosocial factors (PSFs) 

can be one of the reasons for the negative trend in 
the deterioration of population health and contribute 
significantly to the morbidity and mortality from cor-
onary heart disease (CHD) [3–5]. Results from large 
epidemiological studies have shown that PSFs and 
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their components (sleep disorders and negative af-
fective states), such as depression, hostility, and vi-
tal exhaustion (VE), are associated with a high risk of 
developing CHD [6–8]. Analysis of literature data has 
demonstrated a significant prevalence of PSFs, par-
ticularly negative affective states, primarily among 
middle-aged individuals [9–11]. However, PSFs may 
play a  decisive role in shaping the unfavorable epi-
demiological situation regarding CVDs and mortality 
from them in Russian populations in recent decades, 
while the role of non-conventional risk factors (RFs) 
in relation to CVDs remains insufficiently studied 
[12–14]. The relationships between high levels of 
PSFs and the prevalence of CHD in Siberia are un-
derstudied and require scientific justification [1, 9]. At 
the same time, assessing the needs and demands of 
the population regarding preventive measures, tak-
ing into account its psychosocial characteristics, is 
the basis for developing a concept for the quality of 
medical and preventive care in healthcare [11, 12].

The aim of the study is to determine the preva-
lence of coronary heart disease (CHD), sleep disor-
ders, and negative affective states among men aged 
55–64 years in an open urban population and to as-
sess the likelihood of developing CHD with high levels 
of depression, hostility, VE, and sleep disorders.

Methods
A cross-sectional study with an 85.0% response rate 
was conducted on a  representative sample of men 
aged 25–64 years, selected randomly from electoral 
lists in Tyumen, totaling 1000 individuals, distribut-
ed equally across four decades of life by quartiles 
(budget topics No. NIOKTR: 122020300112–4 and 
NIIPM No. FWNR‑2024–0002). For the analysis within 
this study, one decade of life — ​the age category of 
55–64 years — ​was taken. The inclusion criteria for 
the population study were: 1) male sex; 2) age groups 
25–64 years and 55–64 years; 3) permanent residents 
of Tyumen. The exclusion criteria for the population 
study were: 1)  female sex; 2)  age categories other 
than 25–64 years and 55–64 years; 3) migrants, mili-
tary personnel, and prisoners.

Based on the processing of electrocardiograms us-
ing the Minnesota Code (MC) and analysis of the WHO 
questionnaire on exertional angina, an epidemiologi-
cal diagnosis of CHD was established: 1) according to 
strict criteria — ​“definite” CHD (DCHD); 2) according 
to non-strict criteria — ​“possible” CHD (PCHD). In 

accordance with the MC, strict and non-strict criteria 
for CHD together defined CHD according to extended 
epidemiological criteria. Depression (D), hostility (H), 
vital exhaustion (VE), and sleep disorders (SD) were 
assessed using scales for depression, hostility, vital 
exhaustion, and sleep disorders, aligned with the 
WHO MONICA-MOPSY program algorithm [1].

Written informed consent was obtained from each 
participant for participation in the cardiac screening. 
The cardiac screening protocol was approved by the 
ethics committee of the Tyumen Cardiology Research 
Center.

Statistical Analysis
Statistical analysis was performed using the IBM 
STATISTICA 21.0 software package. To assess the 
significance of differences between sample propor-
tions in two groups, Pearson’s chi-square test (χ²) 
was used. The critical significance level for testing 
statistical hypotheses was set at p < 0.05, taking into 
account the degrees of freedom.

Age standardization of all studied indicators was 
performed using the direct method. In cases where the 
number of participants in any subgroup was less than 
10 or exactly equal to 0, comparisons were recalculat-
ed using Fisher’s exact test. Associations of high levels 
of PSFs with the prevalence of CHD, its “definite” and 
“possible” forms, were determined by calculating odds 
ratios (OR) and their 95% confidence intervals (CI). In 
each case, the statistical significance of the OR was as-
sessed based on the 95% CI values. If the CI included 
1, meaning its upper limit was > 1 and the lower limit 
was < 1, it was concluded that there was no statistically 
significant association between the factor and the out-
come at a significance level of p < 0.05.

Results
In the open population of a moderately urbanized city 
in Western Siberia (Tyumen), among men aged 25–64 
years, the results of cardiac screening demonstrated 
a high prevalence of CHD according to extended ep-
idemiological criteria (12.4%). The age-standardized 
prevalence of DCHD was 6.6%, and PCHD was 5.7%. 
Among men aged 55–64 years, the prevalence of CHD 
according to extended epidemiological criteria was 
significantly higher than the age-standardized in-
dicator (33.2% vs. 12.4%, p < 0.001). The prevalence 
of DCHD and PCHD in men aged 55–64 years also 
showed statistically significant differences compared 
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to their frequency in the general population (19.2% 
vs. 6.6%; 14.0% vs. 5.7%, p < 0.001) (Fig. 1).

Figure 2 presents the prevalence of high levels 
of PSFs in the general male population aged 25–64 
years (SP – age-standardized parameter) and the age 
category of 55–64 years in a comparative aspect. For 
each of the studied variables, a  trend toward an in-
crease in the 55–64 age group relative to the SP was 
observed, with statistically significant differences for 
high levels of depression (4.6% vs. 14.6%, p < 0.001), 
VE (15.9% vs. 31.3%, p < 0.001), and sleep disorders 
(9.5% vs. 17.3%, p = 0.0081). The highest prevalence 
of high levels of PSFs, both in the open population and 
among middle-aged men, was observed for high lev-
els of hostility, while the lowest was for high levels of 
depression (Fig. 2).

An assessment of the odds of developing different 
forms of CHD in the age category of 55–64 years and 

in the general population, depending on high levels of 
PSFs in men, was conducted.

Thus, with a high level of depression, the likelihood 
of developing CHD according to extended epidemio-
logical criteria in the general population increased 
by 21.07 times (OR  21.07 with 95% CI 41.26; 10.76, 
p < 0.05), and the likelihood of developing DCHD in-
creased by 39.84 times (OR 39.84 with 95% CI 80.90; 
19.61, p < 0.05). At the same time, the likelihood of 
developing PCHD did not differ between high and low 
levels of depression (p > 0.05). Among men aged 55–
64 years, compared to the age-standardized indicator, 
the likelihood of developing CHD according to extend-
ed epidemiological criteria in the general population 
with a high level of depression increased significantly 
less — ​by 14.51 times (OR  14.51 with 95% CI 39.52; 
5.33, p < 0.05), as did the likelihood of developing 
DCHD — ​by 29.33 times (OR 29.33 with 95% CI 82.11; 
10.48, p < 0.05). Similarly to the situation in the gen-

Fig. 1. Prevalence of CHD in middle-aged men, %

Fig. 2. High levels of PSF in middle-aged men, %
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eral population, the likelihood of developing PCHD did 
not differ between high and low levels of depression 
in men aged 55–64 years (p > 0.05) (Fig. 3, 4).

With a  high level of hostility, statistically signifi-
cant differences in the likelihood of developing CHD 
according to extended epidemiological criteria in the 
general population were maintained, although it was 
significantly lower (OR 2.71 with 95% CI 4.52; 1.63, p < 
0.05). A similar trend was observed for the likelihood 
of developing DCHD (OR 4.65 with 95% CI 10.12; 2.14, 
p < 0.05). The likelihood of developing PCHD did not 
differ between high and low levels of hostility (p  > 
0.05). In the age group of 55–64 years, compared to 
the SP, the likelihood of developing CHD according to 
extended epidemiological criteria in the general pop-
ulation with a high level of hostility was significantly 
higher (OR 5.42 with 95% CI 12.66; 2.32, p < 0.05). At 
the same time, the likelihood of developing DCHD in 

the 55–64 age group with a high level of hostility in-
creased by 25.85 times, with statistical significance 
in the OR calculation (OR 25.85 with 95% CI 202.60; 
3.30, p < 0.05). Similarly to the situation in the gener-
al population, the likelihood of developing PCHD did 
not significantly differ between high and low levels of 
hostility in the 55–64 age group (p > 0.05).

With a high level of VE, the likelihood of develop-
ing CHD according to extended epidemiological crite-
ria in the general population increased by 6.02 times 
(OR 6.02 with 95% CI 10.20; 3.55, p < 0.05), and the 
likelihood of developing DCHD increased by 14.11 
times (OR 14.11 with 95% CI 31.67; 6.29, p < 0.05). At 
the same time, the likelihood of developing PCHD did 
not differ between high and low levels of VE (p > 0.05). 
Among men aged 55–64 years, compared to the SP, 
the likelihood of developing CHD according to extend-
ed epidemiological criteria in the general population 

Fig. 3. The odds ratio of developing CHD at high PSF levels

Fig. 4. The odds ratio of developing DCHD at high PSF levels
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with a high level of VE increased significantly less — ​
by 2.81 times (OR  2.81 with 95% CI 6.06; 1.31, p < 
0.05). However, the likelihood of developing DCHD in 
the 55–64 age group with a high level of VE increased 
by 35.16 times (OR 35.16 with 95% CI 281.24; 4.40, p < 
0.05). The likelihood of developing PCHD did not differ 
between high and low levels of VE in the 55–64 age 
group (p > 0.05).

With sleep disorders (SD), the likelihood of devel-
oping CHD according to extended epidemiological 
criteria in the general population increased by 5.05 
times (OR 5.05 with 95% CI 8.74; 2.92, p < 0.05), the 
likelihood of developing DCHD increased by 5.28 times 
(OR  5.28 with 95% CI 10.46; 2.67, p < 0.05), and the 
likelihood of developing PCHD increased by 3.13 times 
(OR 3.13 with 95% CI 6.65; 1.47, p < 0.05). Among men 
aged 55–64 years, compared to the SP, the likelihood 
of developing CHD according to extended epidemi-
ological criteria in the general population with SD 
increased by 5.75 times (OR 5.75 with 95% CI 13.52; 
2.30, p < 0.05), and the likelihood of developing DCHD 
increased by 10.21 times (OR 10.21 with 95% CI 31.93; 
3.48, p < 0.05). At the same time, the likelihood of de-
veloping PCHD did not differ between the presence 
and absence of SD in middle-aged men (p > 0.05).

Discussion
When using epidemiological criteria to define CHD 
in the presence of PSFs, the odds of CHD detection 
were higher, with the highest likelihood observed 
for the “definite” form of CHD and the lowest for 
the “possible” form of CHD. The results regarding 
the prevalence of PSFs are comparable to data from 
Novosibirsk and Tomsk studies, which were conduct-
ed using the same protocol as this study. A compara-
tive analysis with data from Novosibirsk researchers 
shows that in the Tyumen population, a high level of 
depression predominated among middle-aged men, 
likely influenced by factors of chronic social stress 
prevalent in this age category [9, 13]. The adverse ef-
fects of depressive disorders on the development of 
CVDs may be mediated through platelet mechanisms. 
Increased susceptibility to platelet activation and the 
secretion of their products are considered one of the 
most important links in the pathogenesis, explaining 
the vulnerability of individuals with such conditions 
to developing cardiovascular pathology. As a  result, 
theoretical assumptions about the significance of 
negative affective disorders in the development and 

progression of CVDs have a material basis [15–16]. In 
the presence of a high level of depression among men 
aged 25–64 years in Tyumen, the prevalence of CHD 
increased more than 20‑fold.

The results of this study regarding the higher level 
of hostility and the significant increase in the likeli-
hood of developing CHD among middle-aged men 
are consistent with data from a Finnish study, where 
similar findings were reported. Currently, many re-
searchers believe that hostility (as  one of the key 
components of Type A personality) has a greater in-
fluence on the onset of the disease and acute trigger-
ing factors (spasm, thrombosis, plaque rupture) and 
a lesser influence on vascular atherosclerosis. Thus, 
hostility may provoke acute coronary spasm and serve 
as a reliable prognostic marker for the development 
of myocardial infarction (MI) in general population 
groups, although its role as a prognostic marker for 
the progression of atherosclerosis and, consequent-
ly, the development of arterial hypertension (AH) and 
stroke remains undefined [10].

Population patterns regarding PSFs in a  mod-
erately urbanized Siberian city (Tyumen) are also 
concerning, particularly the high prevalence of VE 
among middle-aged men — ​for men, the vulner-
able age period for high levels of VE in the popula-
tion was the 55–64 age group. According to the data 
from this study, results from the male population of 
Novosibirsk showed that the proportion of individuals 
with CHD was significantly higher in the presence of 
VE than without it. This effect is amplified, as shown 
by both Tyumen and Novosibirsk studies, by a signifi-
cant predominance in this group of other negative af-
fective states, sleep disorders, low education levels, 
and unskilled heavy physical labor [17, 18].

In the open population of Tyumen, the standardized 
prevalence of sleep disorders among men aged 25–64 
years was high but comparable to the results obtained 
in the male population of Novosibirsk [1]. According 
to a  number of researchers, sleep disorders are 
a  sign of vital exhaustion, depression, anxiety, and, 
accordingly, a predictor of the development of cardio-
vascular pathology [12]. When sleep quality decreas-
es, its primary function as a  restorative process is 
disrupted, preventing the body from fully adapting to 
changing external and internal conditions, ultimately 
leading to the development of cardiovascular pathol-
ogy [19]. Assessing self-reported sleep quality al-
lows for the evaluation of the population frequency of 
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sleep disorders, identification of sleep-related prob-
lems in various population groups, and identification 
of groups at increased risk of developing CVDs. High 
levels of sleep disorders in the Tyumen male popu-
lation aged 25–64 years were 5 times more common 
in men with CHD than in men without CHD; the same 
pattern was observed for men with DCHD. In individ-
uals with PCHD, reduced sleep quality was detected 3 
times more often than in the general population. This 
situation is likely natural, as, according to the litera-
ture, the vast majority of patients with chronic sleep 
disorders attribute their ailments to life circumstanc-
es, most often citing personal problems. In older 
adults, sleep disorders arise due to general dissatis-
faction with life, fear of death, and negative attitudes 
toward aging. Our findings are supported by data 
from other researchers regarding sleep disorders 
as a predictor of CVDs — ​arterial AH, MI, and stroke. 
Numerous experimental, clinical, and epidemiologi-
cal studies have shown associations between sleep 
disorders and both negative affective states and the 
development of CHD. It has been demonstrated that 
anxiety-depressive syndrome manifests as increased 
cortical activation, contributing to a state of dysfunc-
tional arousal, which leads to difficulty falling asleep 

and maintaining sleep [19, 20]. The close relationship 
between sleep disorders and negative affective states 
is confirmed by global epidemiological studies, which 
show that sleep problems appear earlier than other 
manifestations of these states. This is why subjective 
sleep assessment is of great importance for predict-
ing the future development of depression and VE [1].

Conclusion
In the open population of Tyumen, among men aged 
55–64 years with high levels of PSFs (depression, 
hostility, vital exhaustion, sleep disorders), an in-
crease in the odds of developing definite CHD and 
CHD according to extended epidemiological criteria 
was observed.

The analysis of identifying PSFs in middle-aged 
men and the associations of their high levels with 
the development of CHD appears necessary for use 
in forming preventive programs aimed at reducing 
high cardiovascular risk in an open urban population. 
These programs should primarily focus on regulating 
psychological parameters.

Conflict of interests: none declared.
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In recent years, cardiovascular diseases (CVD) have re-
mained among the top three causes of mortality and dis-
ability worldwide. In this regard, the search for and study 
of risk factors, identification of pathogenetic mechanisms 

underlying cardiovascular complications, and improvement 
of primary and secondary prevention methods continue.
Currently, there is emerging evidence on important com-
ponents of the hemostatic system, including extracellular 
formations of various sizes — ​microvesicles of different or-
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igins. Research into their role in the pathogenesis of acute 
arterial thromboses is ongoing. Microvesicles (EVs) are 
extracellular structures that trigger a cascade of mech-
anisms affecting changes in the vascular endothelium.
The aim of the study is to investigate the role of microves-
icles of different origins in the risk of recurrent cardiovas-
cular events within 1 year after a type 2 acute myocardial 
infarction (AMI) in men under 45 years of age.
Methods. The study included young men under 45 years 
of age with type 2 AMI, confirmed by coronary angiogra-
phy and elevated markers of myocardial injury. The con-
trol group consisted of young men under 45 years of age 
without chronic diseases. The main group consisted of 60 
patients, the control group included 30 healthy volunteers.
The study investigated microvesicles of platelet (CD41+), 
endothelial (CD31+ — ​platelet endothelial adhesion mol-
ecule), and leukocyte origin (CD45+) in peripheral blood.
To determine the quantity of microvesicles, venous blood 
samples were examined using 0.32% sodium citrate an-
ticoagulant and processed within 2 hours after blood col-
lection. The samples were processed through sequen-
tial centrifugation. All measurements were performed 
on a CytoFlex flow cytometer (Beckman Coulter, USA) 
equipped with three lasers: Red (638 nm), Blue (488 nm), 
and Violet (405 nm). Extracellular vesicles were separated 
by diameter, and measurements were taken for unstained 
samples to set positive gates. Subsequently, the material 
was stained, mixed again, and measured after diluting 
the sample 100 times using phosphate-buffered saline 
(PBS x10, Bio-Rad). In each analysis, 1 million events were 
recorded at a flow rate of 60 µl/min. For statistical process-
ing, the parameter of the number of events (extracellular 
events) per 1 µl was used.

Results. While studying microvesicles, it was found that 
the levels of CD31+ EVs (endothelial) and CD45+ EVs 
(leukocyte-derived) were comparable in healthy volunteers 
and patients with type 2 AMI under 45 years of age. A de-
crease in the expression of CD31+ EVs by the endothelial 
glycocalyx was observed, which may indicate its consump-
tion. A difference was observed in the number of CD45+ 
EVs in patients with recurrent cardiovascular events (CVE) 
within one year, while during a CVE episode, the number 
of CD31+ EVs decreased.
Conclusion. During the acute phase of type 2 AMI, the lev-
el of CD45+ EVs was statistically significantly higher in 
patients who subsequently experienced recurrent CVEs 
within one year.
Keywords: type 2 acute myocardial infarction, microvesi-
cles, cardiovascular complications, risk factors, hemosta-
sis, recurrent cardiovascular events
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Introduction
In recent years, cardiovascular diseases (CVD) have 
remained among the top three causes of mortality and 
disability worldwide. This has led to ongoing research 
into risk factors (RF), the identification of pathogenetic 
mechanisms underlying cardiovascular complications 
(CVC), and the improvement of primary and secondary 
prevention methods [1–3].

Currently, traditional RFs for CVD (hypertension, 
obesity, smoking, alcohol consumption, dyslipidemia, 
diabetes mellitus) and non-traditional RFs (gender, 
age) have been extensively studied [4–6]. The per-
sistent trend in CVD morbidity and mortality highlights 
the need to explore potential causes and new RFs [7].

In recent decades, factors related to vascular-
platelet and coagulation hemostasis, the fibrinolytic 

system (coagulation factors II and XIII), and microves-
icles (EVs) of various origins have been actively stud-
ied in the context of arterial thrombosis risk in young 
patients without traditional atherosclerosis RFs [8, 
9]. Previously, EVs were studied in oncology, obstet-
rics and gynecology, and wound surface surgery, with 
emerging evidence of their role in cardiology. As is 
known, microvesicles (EVs), which are extracellular 
formations, trigger a cascade of mechanisms causing 
changes in the vascular endothelium, thereby contrib-
uting to thromboembolic complications [10–12].

Moreover, imbalances in the hemostatic system 
are influenced by gene polymorphisms and comorbid 
somatic diseases, which can lead to acute vascular 
events [13, 14].
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During acute myocardial infarction (AMI), blood cells 
and endothelial cells release EVs, the quantity of which 
can be measured in peripheral blood [15].

It can be hypothesized that changes in the concen-
tration of EVs of various origins after AMI may underlie 
recurrent cardiovascular events (CVE). EVs have also 
been shown to actively participate in angiogenesis and 
myocardial remodeling [16, 17].

To date, the functions of exogenous EVs derived from 
cultured pluripotent cells in vitro have been sufficiently 
studied, but there is limited data on the functions of 
endogenous EVs in type 2 AMI. Theoretical insights 
into the potential role of EVs of various origins in the 
development of type 2 AMI and early complications 
after vascular events have provided the basis for their 
investigation in a cohort of young men with type 2 AMI 
and early recurrent CVEs.

The aim of the study is to investigate the role of mi-
crovesicles of different origins in the risk of recurrent 
cardiovascular events within 1 year after a type 2 AMI 
in men under 45 years of age

Methods
The study was conducted at the Altai Regional 
Cardiological Dispensary in Barnaul. Laboratory di-
agnostic tests and flow cytometry were performed 
in the hemostasis laboratory of the Regional Clinical 
Hospital of Emergency Medical Care No. 2.

To determine the quantity of microvesicles, venous 
blood samples were examined using 0.32% sodium 
citrate anticoagulant and processed within 2 hours 
after blood collection. The samples were processed 
through sequential centrifugation. All measure-
ments were performed on a CytoFlex flow cytometer 
(Beckman Coulter, USA) equipped with three lasers: 
Red (638 nm), Blue (488 nm), and Violet (405 nm). 
Extracellular vesicles were separated by diameter, 
and measurements were taken for unstained sam-
ples to set positive gates. Subsequently, the material 
was stained, mixed again, and measured after dilut-
ing the sample 100 times using phosphate-buffered 
saline (PBS x10, Bio-Rad). In each analysis, 1 mil-
lion events were recorded at a flow rate of 60 µl/min, 
ensuring that no objects larger than 1000 nm were 
present in the analyzed area. For statistical process-
ing, the parameter of the number of events (extracel-
lular events) per 1 µl was used.

The study included 90 men under 45 years of age 
(41.5±1.5 years), of whom 30 were healthy volun-

teers and 60 were diagnosed with type 2 AMI with 
ST-segment elevation without comorbidities. The di-
agnosis of type 2 AMI was established based on coro-
nary angiography data, which showed no atheroscle-
rotic lesions in the coronary arteries, and an elevated 
concentration of troponin I  in peripheral blood. All 
patients admitted with AMI were assessed for tradi-
tional RFs of AMI, coagulation hemostasis, and the 
fibrinolytic system. Blood serum analysis was also 
performed to determine microvesicles (EVs) of vari-
ous origins using flow cytometry.

Prospective follow-up was conducted for 1 year 
from the time of patient inclusion in the study. Adverse 
CVEs included recurrent AMI, death, and acute cere-
brovascular accident (stroke).

In our study, microvesicles of platelet (CD41+), 
endothelial (CD31+ — ​platelet endothelial adhesion 
molecule), and leukocyte origin (CD45+) in peripheral 
blood were investigated.

Limitations of the study included a relatively small 
cohort of patients (60 individuals) with type 2 AMI 
without atherosclerotic lesions, and limited data in 
the literature on microvesicles and their role in arte-
rial thromboses.

Inclusion criteria: Men with type 2 AMI under 45 
years of age, signed informed consent, elevated 
markers of myocardial injury, and absence of stenotic 
lesions according to coronary angiography.

Exclusion criteria: Female sex and men over 
45 years of age; presence of severe comorbidities 
(chronic obstructive pulmonary disease, liver or kid-
ney failure, oncological diseases); previously diag-
nosed type 1 or type 2 diabetes mellitus; history of 
stroke; post-infarction cardiosclerosis; cardiac ar-
rhythmias and conduction disorders (atrial fibrilla-
tion, atrioventricular or sinoatrial block).

Statistical analysis 
Statistical processing and graphical representation 
of data were performed using computer programs 
MedCalc 20.0.27 and Statistica 12.0 (StatSoft).

To assess the influence of the studied factors and 
indicators, the method of multiple binary logistic 
regression was used. Based on stepwise analysis, 
several factors (predictors) statistically significantly 
influencing the outcome (p < 0.05) were included in 
the regression model, with one of the study indicators 
being EVs. To compare two independent groups re-
garding quantitative characteristics, the Nagelkerke 
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coefficient was used. The obtained data are present-
ed as the arithmetic mean (M) and standard deviation 
(SD), with differences considered statistically signifi-
cant at p < 0.05.

Results
While analyzing traditional RFs, the mean values of 
the body mass index (BMI) were obtained: 26.76±3.36 
kg/m² in the control group and 31.29±14.00 kg/m² in 
the main group. In the subgroup with CVE, the BMI 
was 30.4±4.6 kg/m², and in the subgroup without CVE, 
it was 30.8±6.2 kg/m², showing no significant differ-
ence between the comparison groups.

The total cholesterol (TC) level in the main group 
was 6.71±1.23 mmol/L, while in the control group, it 
was 4.78±1.34 mmol/L. When comparing TC results 
in the subgroup with CVE (6.89±2.1 mmol/L) and with-
out CVE (6.34±1.6 mmol/L), no significant differences 
were found between these groups.

During the study, platelet-derived EVs (CD41+) 
in blood plasma were determined in both groups. 
Comparative analysis of blood plasma in patients 
from the main and control groups revealed a  con-
centration of 953.65±164 per µL in the main group 
and 1005.3±98.7 per µL in the control group. In the 
subgroup of type 2 AMI with CVE, the concentration 
of CD41+ EVs was 892±95.4 per µL, and without CVE, 
it was 934.8±76.5 per µL. Comparative analysis be-

tween the groups showed no significant differences 
(p=0.965) (Fig. 1).

While analyzing leukocyte-derived microvesicles 
(CD45+), their concentration in the control group was 
2267.9±1104.43 per µL, and in the main group, it was 
2486.91±1003.56 per µL, also showing no significant 
difference between the comparison groups (p=0.568) 
(Fig. 2).

In the analysis of endothelial-derived EVs (CD31+), 
their concentration in the control group was 
123.061±72.8 per µL, and in the main group, it was 
87.43±62.55 per µL. In the type 2 AMI subgroup with 
CVE, the concentration of CD31+ EVs was 118.14±87.12 
per µL, and without CVE, it was 102.56±73.35 per µL.

A decrease in their concentration was observed in 
the type 2 AMI patient group, which was likely due to 
the binding of CD31+ to blood cells and the endotheli-
al glycocalyx (a consumption mechanism) (Fig. 3).

While evaluating CD31+ EVs as predictors of re-
current CVEs after 1 year using ROC analysis, the 
sensitivity was 48.1%, and the specificity was 72.7%, 
indicating a good quality of the predictive model for 
recurrent CVEs based on CD45+ EV levels (Fig. 4).

According to the regression analysis model, a sta-
tistically significant influence of microvesicles (CD41+ 
EVs, CD31+ EVs, and CD45+ EVs) on the dependent 
variable — ​the likelihood of CVE development — ​was 
identified (χ²=128.7; p<0.001). It was also shown that 
these predictors determine the outcome (dependent 

Fig. 1. CD41+ EVs in the comparison group of healthy men and 
patients with type 2 AMI

Fig. 2. CD45+ EVs in the comparison group of healthy men and 
patients with type 2 AMI
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variable) by 40.9%. Thus, the obtained data indicate 
the need for further research into microvesicles in 
the risk of CVE development, especially in young in-
dividuals.

Discussion
In recent decades, CVDs have maintained their lead-
ing position in morbidity, mortality, and disability. 
According to the published Global Burden of Disease 
(GBD) report on December 11, 2023, the mortal-
ity rate from coronary heart disease (CHD) is 108.8 
deaths per 100,000 people. Statistics show that 1 mil-
lion people die annually from CVDs in Russia1. AMI 
is one of the forms of cardiovascular catastrophes. 
According to statistics, the number of patients with 
AMI is increasing annually, with a trend toward young-
er patients. Among young people aged 20–24 years 
in Russia, mortality from AMI increased by 82% from 
2018 to 2023, and among those aged 30–35 years, it 
increased by 63% [18]. The prevalence of AMI in men 
is almost 5 times higher than in women2.

Based on statistical data, young men with type 2 
AMI, who show an increased incidence of CVCs after 

1  Morbidity of the population by major classes of diseases in 2000-
2023. Federal State Statistics Service (Rosstat). — (Data from 
the Russian Ministry of Health, calculated by Rosstat) 29.11.2024 
Russian
2  Bichurin D.R., Atmaikina O.V., Cherepanova O.A.   Cardiovascular 
diseases. regional aspect., O.A. International Scientific Research 
Journal. 2023. 8 (134). Russian DOI: 10.23670/IRJ.2023.134.103

acute coronary events, are of particular interest. This 
patient group remains understudied.

According to epidemiological studies, tradition-
al RFs have been well studied [4–6], but non-tradi-
tional risk factors, such as indicators of coagulation 
hemostasis (factor II [18], factor XIII [19]), and EVs 
[11], which were previously studied in oncological 
processes [20], gynecological pathology [21], and ob-
stetrics [22], have a profound and significant impact.

In our study, among the numerous types of mi-
crovesicles, CD45+ EVs, CD31+ EVs, and CD41+ EVs, 
which have tropism for the vascular wall, were se-
lected.

CD45+ EVs initiate signaling events through their 
C-terminal PTPase domain, leading to endothelial-
mesenchymal transition — ​a  dynamic process in 
which endothelial cells acquire mesenchymal prop-
erties that promote vascular remodeling and tissue 
proliferation. Comparative analysis revealed that el-
evated levels of CD45+ EVs in patients with recurrent 
CVEs may indicate a primary excessive inflammatory 
response.

CD31+ EVs activation is associated with signaling 
events that trigger the anti-atherogenic production of 
NO by the endothelium, causing vasodilation mediated 
by CD31+ EVs. Additionally, CD31+ EVs are important 
for switching cellular phenotypes necessary for accel-
erating wound healing after the inflammation phase.

A decrease in the concentration of CD31+ EVs was 
observed in the type 2 AMI patient group, likely due to 

Fig. 3. CD31+ EVs in the comparison group of healthy men and 
patients with type 2 AMI

Fig. 4. ROC-curve of EVs CD 45+
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the binding of CD31+ to blood cells and the endotheli-
al glycocalyx (a consumption mechanism).

CD41+ EVs are the most numerous and coagulation-
active, accounting for about 70–90% of the total EVs in 
blood plasma. They affect the vascular endothelium, 
inducing changes by transferring arachidonic acid 
to endothelial cells and enhancing platelet adhesion 
due to the presence of collagen-binding receptor pro-
teins in their composition [23].

Thus, for a comprehensive assessment of RFs for 
recurrent CVEs in patients after a  first-time AMI, 
along with traditional RFs, it is necessary to evaluate 
hemostatic system indicators to predict complica-
tions and select secondary prevention methods.

Conclusion
Thus, the study of microvesicles revealed that the 
levels of CD31+ EVs (endothelial) and CD45+ EVs 

(leukocyte-derived) were comparable in healthy vol-
unteers and patients with type 2 AMI under 45 years 
of age. A decrease in the expression of CD31+ EVs by 
the endothelial glycocalyx was observed, which may 
indicate a consumption mechanism. During the acute 
phase of type 2 AMI, the level of CD45+ EVs was sta-
tistically significantly higher in patients who subse-
quently experienced recurrent CVEs within one year.

Further research in this direction will contribute 
to understanding the mechanisms of arterial throm-
boses and early CVEs in young patients, as well as 
identifying high-risk groups in combination with ge-
netic testing for thrombogenic mutations. This will 
enable the development of individualized preventive 
programs, potentially including adjustments to anti-
platelet/anticoagulant therapy.

Conflict of interests: none declared.
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Pulmonary arterial hypertension (PAH) occurs in up to 
36.5% of HIV-infected individuals and contributes to the 
development of pulmonary complications.
The aim of the study is to investigate the clinical, echo-
cardiographic, and laboratory characteristics of patients 
with chronic heart failure (CHF) and HIV infection in the 
presence of PAH.
Methods. This study complied with the Declaration of 
Helsinki and was designed as a screening, cross-section-
al, one-time clinical study. A total of 160 patients with HIV 
infection and CHF were examined, of whom 50% were di-
agnosed with PAH. The diagnosis of PAH was confirmed 
via echocardiography by determining a mean pulmonary 
artery pressure of ≥25 mmHg.
Results. Among the PAH patients with the background 
of CHF and HIV infection, there was a predominance of 
smokers and individuals who abused alcohol. These pa-

tients also had a higher prevalence of atrial fibrillation 
in their medical history. Diastolic dysfunction (DD), left 
ventricular hypertrophy, and left atrial dilation were more 
frequently observed in the PAH group. Tricuspid annular 
plane systolic excursion (TAPSE) was lower, while total 
peripheral vascular resistance (TPR) was higher in pa-
tients with PAH. Serum iron and transferrin levels were 
lower, and NT-proBNP levels were higher in CHF patients 
with HIV infection and PAH.
Among HIV-infected patients with CHF, the odds of devel-
oping PAH were 2.38 times higher (95% CI: 1.238–4.584, 
p=0.010), while the risk of developing CHF in HIV-infected 
individuals with PAH was 1.63 times higher (95% CI: 
1.090–2.45). For those diagnosed with heart failure with 
reduced ejection fraction (HFrEF <40%), the odds of diag-
nosing PAH increased 4.89 times (95% CI: 1.009–23.736; 
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Introduction
Pulmonary arterial hypertension (PAH) is one of the 
most common vascular complications of HIV infec-
tion. PAH is present in up to 36.5% of HIV-infected in-
dividuals and contributes to the development of pul-
monary damage [1].

The pathogenesis of PAH in HIV infection involves 
both the direct impact of the virus on the endotheli-
um of the pulmonary artery and its branches, as well 
as indirect mechanisms due to secondary causes — 
such as the development of valvular heart disease, 
chronic heart failure (CHF), ongoing inflammatory 
processes, and the effects of certain components of 
antiretroviral therapy (ART).

The aim of the study is to investigate the clinical, 
echocardiographic, and laboratory characteristics of 
patients with CHF and HIV infection in the presence 
of PAH.

Methods
240 HIV-infected patients were examined фt the 
State Budgetary Healthcare Institution “City Clinical 
Hospital named after M.A. Tverye” in Perm. Of these, 
160 patients were diagnosed with CHF, and 80 patients 
with CHF were found to have PAH, accounting for 50%.

The inclusion criteria for this study were: con-
firmed diagnosis of CHF in an HIV-infected patient 
and signed informed consent for participation in 
the study. Exclusion criteria included the presence 
of oncological diseases, deviant behavior, and se-
vere valvular heart defects. The study was screen-
ing, cross-sectional, single-time-point, and clinical 
in nature, and was conducted in accordance with the 
Declaration of Helsinki.

The diagnosis of CHF was established based on an 
elevated plasma level of N-terminal pro–brain natri-
uretic peptide (NT-proBNP) above 125 pg/mL, echo-
cardiographic (EchoCG) findings, and a combination 
of clinical symptoms, according to the 2020 clinical 
guidelines for the diagnosis and treatment of CHF [2].

Among patients with CHF, PAH was diagnosed 
using echocardiography on a VIVID T8 device (GE 
Healthcare, USA) following the methods recom-
mended by the European and American Societies of 
Echocardiography [3, 4]. PAH diagnosis was based on 
measuring mean pulmonary artery pressure (mPAP) 
via the acceleration time to ejection time ratio (AT/ET) 
in the right ventricular outflow tract. Measurements 
were taken using pulsed-wave Doppler mode, and 
mPAP was calculated using a standard AT/ET ra-
tio chart [4, 5]. PAH was diagnosed when mPAP 
was  ≥25  mmHg at rest, in line with current clinical 
recommendations [6].

Arterial wall stiffness was assessed by calculating 
total peripheral vascular resistance (TPR) based on 
hemodynamic parameters:

TPR = mBP × 60 / CO,   in kPa·s/L

Where mBP = mean blood pressure (mmHg), CO = 
cardiac output (L/min), and 60 is a conversion factor 
to seconds.

CO was calculated as:

CO = SV × HR

Where SV = stroke volume, HR = heart rate.
mBP was calculated using the formula:

p=0.047), and the risk of developing HFrEF in the pres-
ence of PAH rose 1.77 times (95% CI: 1.250–2.530).
Conclusion. The prevalence of PAH among HIV-infected 
patients with CHF is 50%. In this context, DD is more 
pronounced, patients with HFrEF are more common, NT-
proBNP levels and TPR are higher. DD, HFrEF, left atrial 
dilatation, chronic kidney disease, pericardial effusion, 
and pleural effusion contribute to the development of PAH 
in HIV-infected individuals.
Keywords: HIV infection, chronic heart failure, pulmonary 
arterial hypertension, arterial stiffness, health status.
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mBP = ((SBP - DBP)/3 + DBP) × 0.133,

Where SBP = systolic blood pressure (mmHg), 
DBP = diastolic blood pressure (mmHg), and 0.133 is 
the conversion factor to kPa.

SV = (EDV – ESV)/1000

Where EDV = end-diastolic volume (mL), ESV = 
end-systolic volume (mL), and 1000 is the conversion 
factor to liters.

PAH in HIV infection is classified under category 
1.4.2 – “PAH associated with HIV infection.” Measuring 
pulmonary capillary wedge pressure using a Swan–
Ganz catheter was technically unavailable.

The Tei index was calculated using the formula:

Tei Index = (IVCT + IVRT) / ET

Where IVCT = isovolumic contraction time, IVRT = 
isovolumic relaxation time, and ET = ejection time.

Time intervals were measured using pulsed-wave 
and tissue Doppler modes by evaluating the peak ve-
locity of the lateral and medial portions of the mitral 
annulus in the apical view. To minimize the influence 
of heart rate, the Tei index was measured over sever-
al cardiac cycles and the mean value was used.

Statistical Analysis
The statistical analysis of the study results was car-
ried out using Statistika 13 (Russia) and SPSS 36 
(USA). Normality of distribution was assessed us-
ing the Kolmogorov–Smirnov test. Comparisons of 
quantitative variables that did not follow a normal 
distribution were performed using the Mann–Whitney 
U-test. Categorical variables were compared using 
Pearson’s chi-square (χ²) test. Correlation analysis 
was conducted using Spearman’s rank correlation 
method. To determine the predictive value of the 
studied variables, ROC analysis and calculation of 
odds ratios (ORs) and relative risks (RRs) were used.

Results
Among the 160 HIV-infected patients with CHF, 80 
individuals (50%) were diagnosed with PAH. Table 1 
presents the main clinical and anamnestic character-
istics of HIV-infected patients with CHF and PAH in 
comparison to those without PAH.

The obtained results indicate a significant predom-
inance of smokers and patients with alcohol abuse in 
the PAH group. AF in medical history was more fre-
quently observed in patients with PAH. The percent-
age of smokers in the entire cohort of HIV-infected 
patients with CHF was 76.2%. In the PAH subgroup, 
the percentage of smokers was significantly higher, 
reaching 91.2%.

Table 1. Main clinical and anamnestic differences depending on the presence of PAH in patients  
with CHF and HIV infection 

Parameter PAH, n=80 No PAH, n=80 p
Males, n (%) 46 (57.5) 24 (30.0) 0.414
Age, years 36.0 [33.5; 40.0] 37.0 [35.0; 39.0] 0.718
6MWT, m		  400.0 [350.0;450.0] 350.0 [300.0; 400.0] 0.325
ShOKS, score	 6.0 [4.5; 7.5] 5.0 [4.0; 7.0] 0.046
FC of CHF 2.0 [2.0; 3.0] 2.0 [2.0; 3.0] 0.850
BMI, kg/m2	 20.0 [18.5; 22.9] 20.0 [17.9; 21.7] 0.481
Smoking, n (%) 73 (91.2) 49 (61.2) <0.001
Alcohol abuse, n (%) 54 (67.5) 39 (48.7) 0.016
CHD, n (%) 14 (17.5) 24 (30) 0.063
PICS, n (%) 3 (3.75) 1(1.25) 0.311
Diabetes mellitus, n (%) 5 (6.25) 3 (3.75) 0.468
Atrial fibrillation (AF), n (%) 5 (6.25) 0 (0) 0.023
Ventricular arrhythmias, n (%) 36 (45) 27 (33.7) 0.145
Ascites, n (%) 17 (21.2) 19 (23.7) 0.705
Hydropericardium, n (%) 10 (12.5) 1 (1.25) 0.004
ART, n (%) 10 (12.5) 17 (21.25) 0.139
Anemia, n (%) 64 (80) 66 (82.5) 0.685
Thrombocytopenia, n (%) 48 (60) 42 (52.5) 0.339
Pancytopenia, n (%) 30 (37.5) 33 (41.2) 0.627
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Table 2 presents the main EchoCG findings de-
pending on the presence of PAH in patients with CHF 
and HIV infection. According to our data, patients with 
PAH had lower left ventricular ejection fraction (LVEF) 
values compared to patients without PAH.

Despite the fact that the E/e’ ratio did not sig-
nificantly differ between the groups, the Tei index 
showed higher values in the PAH group. Additionally, 
the number of patients with LVDD was higher in the 
PAH group. LVH and increased LA volume were more 
common in the PAH group.

Vascular wall stiffness was increased in PAH, re-
flecting damage to the vascular endothelium. The in-
dex of vascular wall stiffness, TVR, was higher in the 
PAH group, and the number of patients with elevated 
TVR in the PAH group was greater than in the group 
without PAH. On this background, pathological tortu-
osity of the carotid arteries was more often observed 
in patients with PAH. TAPSE values were significantly 
lower in the PAH group.

Table 3 presents the main laboratory parameters 
of the patients under study. The serum transferrin 
and iron levels were lower in the PAH patients. The 
number of patients with low transferrin and serum 
iron levels was higher in the PAH group. Since all 
patients had heart failure, the NT-proBNP levels did 
not differ significantly between the groups, but were 
elevated in all cases. Laboratory results showed low-
er transferrin and serum iron levels in patients with 

PAH. The number of patients with low transferrin lev-
els was greater in the PAH group. The number of pa-
tients with NT-proBNP levels >300 pg/mL was higher 
in the PAH group. Serum urea and uric acid concen-
trations were higher in the PAH group compared to 
the group without PAH.

A correlation analysis was conducted between 
mPAP and several indicators that showed differenc-
es in the group comparisons. A statistically signifi-
cant weak correlation (p<0.05) was found between 
mPAP and transferrin levels (r=0.175), serum iron 
(r=0.206), NT-proBNP (r=0.239), LVEF (r=-0.229), Tei 
index (r=0.257), TVR (r=0.228), E/e’ (r=0.162), urea 
(r=0.258), and uric acid (r=0.259) according to the 
Cheddock scale.

An odds and risk ratio analysis was conducted re-
garding the development of PAH, considering factors 
that likely influence its occurrence. The findings re-
vealed that, in HIV-infected individuals diagnosed 
with CHF, the odds of developing PAH increased by 
2.38 times (95% CI 1.238-4.584, p=0.010), while the 
risk of developing CHF in the presence of PAH in HIV-
infected individuals increased by 1.63 times (95% CI 
1.090-2.45).

When LVEF<40% was detected in HIV-infected in-
dividuals, the chances of diagnosing PAH increased 
4.89 times (95% CI 1.009–23.736; p=0.047), while the 
risks of LVEF <40% in HIV-infected individuals with 
PAH increased 1.77 times (95% CI 1.250-2.530).

Table 2. Main EchoCG data depending on the presence of PAH in patients with CHF and HIV infection 
Parameter PAH, n=80 No PAH, n=80 p

LVEF, % 55.0 [46.0; 65.0] 60.0 [50.0; 67.0 ] 0.043
EF<40%, n (%) 9 (11.25) 2 (2.5) 0.028
LV Е/А		  1.22 [0.95; 1.72] 1.2 [0.9; 1.6] 0.989
Е/e’		  9.14 [5.6; 18.3] 6.1 [4.9; 10.3] 0.104
Tei index		  0.56 [ 0.48; 0.7] 0.5 [0.38; 0.63] 0.049
LVMI, г/м2 132.0[99.6; 184.0] 148.0[115.5; 167.5] 0.759
LVH, n (%) 51 (63.7) 32 (40.0) 0.002
LA volume, mm3	 43.0[30.5; 58.5] 31.8 [28.4; 42.0] 0.009
MPAP, mmHg 30.4 [ 25.6; 43.5] 13.7 [ 10.0; 15.5] <0.001
LV EDV/BA, mm3/m2	 54.3 [43.3; 64.5] 61.5 [51.6; 76.0] 0.343
LV ESV/BA, mm3/m2 21.8 [17.5; 31.0] 19.1 [15.9; 28.5] 0.140
LA volume/BA, mm3/m2	 24.2 [16.9; 34.1] 18.9 [15.9; 26.5] 0.025
LVDD, n (%) 70 (87.5) 28 (35) <0.001
Tortuosity of the CCA, n (%) 26 (32.5) 12 (15.0) 0.009
TVR, kPa·s/L 219.5 [175.0; 289.8] 191.1 [129.2; 227.2] 0.048
Elevated TPR, n (%) 37 (46.2) 14 (17.5) <0.001
TAPSE, mm 15.0 [11.0; 20.0] 26.0 [20.0; 35.0] 0.024

Note. E/A – the ratio of the peak maximum velocity of early filling of the left ventricle to the peak maximum velocity of late filling of the left 
ventricle; E/e’ – the ratio of the peak maximum velocity of early filling of the left ventricle to the early diastolic velocity of the movement of 
the fibrous ring; TAPSE – the systolic excursion of the tricuspid valve fibrous ring.
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In the case of CKD in HIV-infected individuals, the 
risk of developing PAH was 2.18 times higher (95% 
CI= 1.047-4.536; p=0.044), while the risk of CKD in 
the presence of PAH increased by 1.46 times (95% 
CI=1.044-2.057).

The detection of pleural effusion in HIV-infected 
individuals increased the odds of developing PAH by 
2.92 times (95% CI=1.224-6.996; p=0.019). PAH in-
creased the risks of developing pleural effusion by 
1.64 times (95% CI 0.298-1.172).

Hydropericardium in HIV-infected individuals in-
creased the odds of developing PAH by 5.625 times 
(95% CI=1.242–25.492), while PAH increased the risks 
of developing pericardial effusion by 2.42 times (95% 
CI 1.124–5.208). The presence of LV diastolic dysfunc-
tion (DDLV) increased the odds of developing PAH by 
3.18 times (95% CI 1.64–6.16). An increase in the vol-
ume of the LA increased the odds of developing PAH 
by 1.91 times (95% CI 1.04-3.54).

Discussion
The diagnosis of PAH is confirmed when mPAP is 
25  mmHg or higher, however, patients with mPAP 
between 21 and 24 mmHg are also considered to be 
at risk [7]. The mean pulmonary artery pressure in 
healthy individuals is 14.0±3.3 mmHg [8]. The preva-
lence of PAH among the entire cohort of HIV-infected 
individuals, according to the US registry data, is 36.5%, 

with the proportion of truly HIV-associated PAH being 
3.92%, and the rest of the cases being classified as 
idiopathic PAH [1]. Among the patients participating 
in our study, the proportion of PAH was exactly 50%, 
with all patients also having CHF in addition to HIV 
infection. There is insufficient data in the literature 
on the prevalence of PAH in patients with CHF and 
HIV infection.

Smoking is a risk factor for the development of 
cardiovascular diseases, which can further compli-
cate the development of CHF [9]. Among HIV-infected 
patients with CHF, according to our data, 76.2% are 
smokers. Despite the fact that smoking was not iden-
tified as a factor influencing the development of PAH 
in the American HIV registry [1], our study shows that 
a significantly higher percentage of smokers is pres-
ent in the PAH group. It is possible that the develop-
ment of bronchial obstruction syndrome in smoking 
HIV-infected patients also contributes to the develop-
ment of PAH, which does not diminish the significance 
of smoking as an risk factors for PAH development, 
as it can occur through several pathophysiological 
mechanisms.

The impact of alcohol on the development of PAH in 
HIV-infected individuals was found to be insignificant 
according to the American registry data [1], while in 
our study, this factor was significantly more preva-
lent in the group of patients with PAH and CHF+HIV 

Table 3. Main laboratory parameters based on the presence of PAH in patients with CHF and HIV infection 

Parameter PAH, n=80 No PAH, n=80 р
Transferrin, mg/dL 72.9 [44.2; 145.1] 91.7 [77.5; 120.7] 0.004
Low transferrin, n (%) 69 (86.2) 37 (46.2) <0.001
Ferritin, μg/L 116.4 [61.9; 300.0] 172.8 [59.1; 570.5] 0.290
Low ferritin, n (%) 19 (23.7) 14 (17.5) 0.328
Uric acid, μmol/L 131.3 [75.2; 217.0] 111.5 [42.25; 221.7] 0.006
Serum iron, μmol/L 2.0 [1.1; 4.45] 3.5 [1.35; 7.0] 0.013
Low serum iron, n (%) 62 (77.5) 36 (45) <0.001
NT-proBNP, pg/mL 509.4 [312.4; 1376.7] 513.1 [243.1; 1553.5] 0.263
NT-proBNP > 300 pg/mL, n (%) 62 (77.5) 25 (31.2) <0.001
Serum CRP, mg/L 13.0 [5.3; 57.0] 24.0 [6.9; 53] 0.825
Urea, mmol/L 6.8 [4.3; 14.0] 3.8 [2.8; 9.6] 0.013
Sodium, mmol/L 141.7 [137.5; 144.0] 140.0 [137.0; 142.0] 0.279
Potassium, mmol/L 4.15 [3.6; 4.5] 3.8 [3.6; 4.4] 0.246
Creatinine, μmol/L 102.5 [77.5; 170.0] 92.5 [57.0; 142.0] 0.130
eGFR, mL/min/1.73m² 74.0 [39.0; 96.5] 85.5 [41.0; 119.0] 0.116
CKD, n (%) 26 (32.5) 14 (17.5) 0.762
Fibrinogen, g/L 4.0 [3.0; 4.5] 3.5 [3.0; 5.0] 0.946
ESR, mm/h 42.0 [20.0; 61.0] 37.0 [21.0; 47.0] 0.399
CD-4 T-lymphocytes 200.0 [66.0; 300.0] 200.0 [21.0; 375.0] 0.863
Hemoglobin, g/L 92.0 [37.5; 111.0] 99.0 [75.0; 110.0] 0.579
Platelets, x10⁹/L 138.0 [95.0; 228.0] 119.0 [68.0; 220.0] 0.380
Erythrocytes, x10¹²/L 3.5 [2.8; 3.8] 3.2 [3.0; 3.3] 0.592
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compared to the group with CHF+HIV without PAH. 
This can be attributed to the additional impact of the 
cardiotoxic effects of alcohol on the cardiovascular 
system of HIV-infected patients, as it is known that 
alcohol affects not only cardiomyocytes but also the 
endothelium, and PAH is one of the manifestations of 
alcoholic endothelial dysfunction [10, 11]. According 
to the literature, alcohol dependence is a trigger for 
the development of PAH [12].

HIV infection  increases the likelihood of develop-
ing AF to the same or even a greater extent compared 
to traditional risk factors such as diabetes and hyper-
tension [13]. In our study, cases of AF were recorded 
only in PAH patients with the background of CHF and 
HIV. In contrast, no cases of AF were registered in the 
group of patients with CHF and HIV without PAH. This 
suggests a possible association between PAH and AF 
in HIV-infected individuals. This may be facilitated by 
the prevalence of LA dilation in HIV-infected patients 
with PAH.

Pericardial effusion was more frequently observed 
in patients with PAH. It is known that the appearance 
of pericardial effusion in patients with PAH is an indi-
cator of the development of right-sided heart failure 
[14]. This was confirmed in our study, as the group 
with PAH had a significantly reduced systolic excur-
sion of the tricuspid valve fibrous ring, indicating the 
development of right-sided heart failure.

Lower values of LVEF in the PAH group suggest 
that in HIV-infected patients with CHF, PAH develops 
as a result of left-sided heart failure due to pulmo-
nary venous congestion, the overcoming of the Kitaev 
reflex, and further elevation of pressure in the pul-
monary artery system, as described in the work of 
Rosenkranz et al. in 2016 [15].

The Tei myocardial index was higher in the PAH 
group. Unlike the E/e’ ratio, which increases with 
LVDD, the Tei index increases not only with left heart 
dysfunction but also with right heart dysfunction [16]. 
It is likely that the development of right-sided heart 
diastolic dysfunction, as a result of PAH, contributes 
to the increase in the Tei index in HIV-infected pa-
tients with CHF.

The LA volume was larger in patients with PAH, 
which can be explained by the development of PAH 
due to left heart failure and hypertension in the pul-
monary veins. LVH was more common in PAH, simi-
larly serving as a sign of left heart failure, which is the 
cause of PAH.

The increased tortuosity of the carotid arteries 
can be explained by the effects of endothelial dys-
function and elevated arterial pressure. The arteri-
al stiffness indicator – TVR – was higher in the PAH 
group, probably due to the more pronounced endo-
thelial damage in both circulations and the inflam-
matory syndrome associated with HIV infection in 
CHF patients [17].

Transferrin, unlike ferritin, is found in the blood 
plasma, and its concentration decreases not only in 
anemia but also in CHF, with a reduction of 20% or 
more being an unfavorable factor for CHF [18]. A de-
crease in transferrin levels in HIV-infected patients 
with PAH against the background of CHF can be in-
terpreted as an unfavorable sign, as this is accompa-
nied by an increase in plasma NT-proBNP levels – a 
marker for diagnosing and assessing the severity of 
CHF.

An elevated level of uric acid in HIV-infected pa-
tients signals significant endothelial dysfunction [19]. 
In our study, the serum uric acid level in PAH patients 
was significantly higher, along with higher TVR val-
ues, which supports the hypothesis about the rela-
tionship between uric acid and endothelial dysfunc-
tion in HIV-infected individuals.

An increase in blood urea concentration in PAH pa-
tients indirectly indicates the formation of a cardiore-
nal syndrome against the background of total endo-
thelial dysfunction in HIV-infected patients with CHF. 
It is known that urea in HIV-infected individuals is a 
sensitive marker of acute kidney injury and tubuloint-
erstitial damage [20].

The prognostic significance of some markers is 
presented for the first time. The chances of devel-
oping PAH in HIV-infected patients increase by 2.38 
times with the development of CHF, by 4.89 times 
with a decrease in LVEF<40%, by 2.18 times with the 
development of CKD, and by 5.65 times with the de-
tection of pleural effusion. On the other hand, the di-
agnosis of PAH in HIV-infected individuals increases 
the risks of developing CHF by 1.63 times, HFrEF by 
1.77 times, CKD by 1.46 times, and the risks of devel-
oping pericardial effusion by 2.46 times.

Undoubtedly, the method of right heart catheter-
ization using the Swan-Ganz catheter must be used 
to diagnose PAH, but echocardiography, even with 
slightly lower specificity, has sufficient sensitivity 
and, most importantly, is non-invasive [21].
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Conclusion
The prevalence of PAH in HIV-infected patients with 
CHF is 50%. In the presence of PAH, patients with 
CHF and HIV exhibit more pronounced manifestations 
of diastolic dysfunction, and patients with reduced 
LVEF are more frequently observed, with higher lev-

els of plasma NT-proBNP and TVR values. Diastolic 
dysfunction, HFrEF, increased LA volume, CKD, peri-
cardial effusion, and pleural effusion contribute to 
the development of PAH in HIV-infected individuals.

Conflict of interests: none declared.
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Aerobic exercise (walking, swimming, bicycling, etc.) is an 
important component of lifestyle modification for the pre-
vention and control of arterial hypertension (AH).
The aim of this study was to conduct a systematic review 
of randomized controlled trials (RCTs) to investigate the 
relationship between pedal cadence on a cycle ergometer 
and blood pressure (BP) levels in individuals with hyper-
tension (AH).
Methods. The study was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines. Literature search-
es were performed in the following databases: PubMed, 
MedNar, Cochrane Library, Epistemonikos, and eLibrary. 
No restrictions on date or language were applied.
Results. A total of 199 records were identified across the 
databases. However, none of the studies met the inclu-
sion criteria. As a result of a systematic search in mul-
tiple electronic databases (PubMed, MedNar, Cochrane 
Library, Epistemonikos, and eLibrary) without date or 
language restrictions, the review did not identify any RCTs 
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Introduction
Hypertension (AH) is one of the leading causes of car-
diovascular disease (CVD) mortality. Currently, ap-
proximately 1.4 billion people worldwide suffer from 
AH [1]. AH is a multifactorial condition and can be 
caused by factors such as low physical activity (LPA), 
consumption of high-sodium foods, obesity, alcohol 
consumption, and smoking [2].

The non-pharmacological effects of physical ex-
ercise can contribute to hemodynamic changes, in-
creased nitric oxide production, and alterations in 
peripheral arterial resistance [3]. LPA promotes the 
development of chronic diseases. Physical activity 
programs and dietary monitoring are essential as 
part of disease prevention. Acute responses to exer-
cise typically lead to an increase in heart rate (HR), 
vasodilation due to enhanced nitric oxide synthesis, 
increased blood flow [4], and improved absorption of 
energy substrates [5].

In the theory and practice of secondary AH preven-
tion, significant attention is given to aerobic activity. 
Long-term chronic responses to exercise contribute 
to adaptations such as reduced resting HR, associat-
ed decreases in blood pressure (BP) [6], and improved 
cardiac function [7]. Current guidelines recommend 
physical exercise as part of both primary and second-
ary CVD prevention [8]. While variables such as exercise 
volume and intensity have been studied [6], the litera-
ture has paid little attention to the effects of different 
pedal cadences (PC) on a bicycle/cycle ergometer in the 
prevention and treatment of AH. Systematic physiologi-
cal responses to exercise are directly influenced by the 
intensity, duration, and frequency of the activity.

An analysis of existing challenges within the con-
text of modern scientific literature, as well as in-

quiries from specialists in sports medicine, clinical 
practice, and therapeutic exercise, highlights the 
relevance and importance of this topic, necessitating 
further in-depth study.

The present study aims to conduct a comprehen-
sive analysis of data obtained through a search for 
randomized controlled trials. The objective of the 
analysis is to determine the relationship between 
pedal cadence on a cycle ergometer and BP levels in 
individuals with AH.

Methods
The study was conducted at The Russian University 
of Sport (GTSOLIFK), Department of Sports Medicine 
(Moscow). This systematic review and data analy-
sis were performed in strict accordance with the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) criteria, which establish 
standards for reporting systematic reviews and me-
ta-analyses [9].

The study protocol was developed in full compli-
ance with PRISMA-P (Preferred Reporting Items for 
Systematic Review and Meta-Analysis Protocols) re-
quirements, which regulate reporting standards for 
systematic review and meta-analysis protocols [10]. 
The protocol was registered before the information 
search began and was not modified at any stage of 
the study, either during or after its completion. The 
protocol registration was conducted in the interna-
tional database protocols.io1.

During the study planning phase, it was decided to 
include only randomized controlled trials (RCTs) in 
the analysis.

1   DOI: dx.doi.org/10.17504/protocols.io.ewov19p6ylr2/v1

investigating the potential impact of different pedal ca-
dences on BP in individuals with AH.
Conclusion. We consider it appropriate to publish our 
findings, as this study has identified a gap in the literature 
regarding the relationship between pedal cadence and el-
evated BP in individuals with AH.
Keywords: pedal cadence, cycling cadence, cycle ergom-
etry, hypertension, cardiovascular diseases.
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Search Strategy. The literature search was con-
ducted as part of a comprehensive analysis covering 
publications in all languages without restrictions on 
the publication date. The search methodology fol-
lowed the PRESS (Peer Review of Electronic Search 
Strategies) guidelines [11] and included the fol-
lowing electronic databases: “PubMed,” “MedNar,” 
“Cochrane Library,” “Epistemonikos,” and “eLibrary.” 
The keywords (search queries) are presented in the 
table.

•	 Following the recommendations of Benzies et 
al., a search for “gray” literature was conducted in 
the electronic archive SportRχiv to deepen the study 
on this topic [12]. Studies identified through the elec-
tronic search underwent manual screening to detect 
additional potentially relevant data.

•	 The inclusion criteria for studies in the system-
atic review were based on the PICOS framework [13]: 
P (Population) – individuals over 18 years old with ele-
vated BP or AH; I (Intervention) – performance of exer-
cise protocols (long-term and short-term) on a cycle 
ergometer with varying PC; C (Comparison) – compar-
ison with a control group or pre-intervention baseline; 
O (Outcomes) – Changes in BP; S (Study) – RCTs.

•	 Exclusion criteria: (a) PC was not specified; (b) 
The intervention was not limited to cycle ergometer 
exercise; (c) Participants were normotensive.

•	 Study selection procedure: Two researchers, 
Antonov A.G. and Rybakova P.D., independently and 
in parallel screened article titles and abstracts from 
electronic databases to determine eligibility based 
on the inclusion/exclusion criteria. Duplicate articles 
and those not meeting the set criteria were excluded 
from further review. Any discrepancies in the selec-
tion process were resolved through discussion and 
consensus between the researchers. If necessary, a 
third expert, Miroshnikov A.B., was consulted for the 
final decision.

•	 Data extraction procedure. After the final selec-
tion of studies, Antonov A.G. and Rybakova P.D. inde-
pendently and in parallel extracted data from the full 
texts of RCTs according to the predefined inclusion/
exclusion criteria. Any disagreements regarding data 
extraction were resolved through discussion and con-
sensus. If necessary, a third expert, Miroshnikov A.B., 
was involved to reach a final decision. According to 
McHugh, inter-rater agreement (kappa coefficient) 
ranged from 0.53, which is considered weak, to 1.00, 
which is close to perfect [14].

•	 Study Results. The database search identified 
199 potentially relevant sources. The study scheme, 
illustrating the empty review process, is presented 
in Figure 1. The absence of studies meeting the in-
clusion criteria prevented statistical data analysis. 

Table. Databases and search queries

Database Search query

PubMed

(((((“cadence”[All Fields] OR “cadences”[All Fields] OR “cadency”[All Fields] OR ((“foot”[MeSH Terms] OR 
“foot”[All Fields] OR “pedal”[All Fields] OR “pedaled”[All Fields] OR “pedaling”[All Fields] OR “pedalled”[All 
Fields] OR “pedalling»”All Fields] OR “pedals”[All Fields]) AND (“rotate”[All Fields] OR “rotated”[All Fields] OR 
“rotates”[All Fields] OR “rotating”[All Fields] OR “rotation”[MeSH Terms] OR “rotation”[All Fields] OR “rotations”[All 
Fields] OR “rotational”[All Fields] OR “rotator”[All Fields] OR “rotators”[All Fields]) AND (“epidemiology”[MeSH 
Subheading] OR “epidemiology”[All Fields] OR “frequency”[All Fields] OR “epidemiology”[MeSH Terms] OR 
“frequence”[All Fields] OR “frequences”[All Fields] OR “frequencies”[All Fields]))) AND (“bicycle”[All Fields] 
OR “bicycled”[All Fields] OR “bicycles”[All Fields] OR “bicycling”[MeSH Terms] OR “bicycling”[All Fields]) AND 
((“bicycling”[MeSH Terms] OR “bicycling”[All Fields] OR “cycling”[All Fields] OR “cycle”[All Fields] OR “cycle s”[All 
Fields] OR “cycled”[All Fields] OR “cycles”[All Fields] OR “cyclings”[All Fields]) AND (“ergometer”[All Fields] OR 
“ergometers”[All Fields])) AND (“hypertension”[MeSH Terms] OR “hypertension”[All Fields] OR (“high”[All Fields] 
AND “blood”[All Fields] AND “pressure”[All Fields]) OR “high blood pressure”[All Fields])) OR (“hypertense”[All 
Fields] OR “hypertension”[MeSH Terms] OR “hypertension”[All Fields] OR “hypertension s”[All Fields] OR 
“hypertensions”[All Fields] OR “hypertensive”[All Fields] OR “hypertensive s”[All Fields] OR “hypertensives”[All 
Fields])) NOT ((“healthies”[All Fields] OR “healthy”[All Fields]) AND (“adult”[MeSH Terms] OR “adult”[All Fields] 
OR “adults”[All Fields] OR “adult s”[All Fields]))) AND ((“filter”[All Fields] OR “filter s”[All Fields] OR “filtered”[All 
Fields] OR “filtering”[All Fields] OR “filterings”[All Fields] OR “filters”[All Fields]) AND (“randomized controlled 
trial”[Publication Type] OR “randomized controlled trials as topic”[MeSH Terms] OR “randomized controlled 
trial”[All Fields] OR “randomised controlled trial”[All Fields]))) AND (randomizedcontrolledtrial[Filter])

Epistemonikos
(title:(cadence) OR abstract:(cadence)) OR (title:(cadence) OR abstract:(cadence)) OR (title:(pedal rotation 
frequency) OR abstract:(pedal rotation frequency)) AND (title:(bicycle) OR abstract:(bicycle)) OR (title:(cycle 
ergometer) OR abstract:(cycle ergometer)) AND (title:(high blood pressure) OR abstract:(high blood pressure)) OR 
(title:(hypertension) OR abstract:(hypertension)) NOT (title:(healthy adults) OR abstract:(healthy adults))

Cochrane Library (cadence):ti,ab,kw AND (cycle ergometer):ti,ab,kw AND (hypertension):ti,ab,kw

MedNar Full Record: cadence OR pedal rotation frequency AND bicycle OR cycle ergometer AND high blood pressure OR 
hypertension

Еlibrary (cadence, pedal speed, bicycle ergometer, hypertension, hypertension, high blood pressure)
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Nevertheless, the work adhered to the “Synthesis 
Without Meta-analysis in Systematic Reviews” (SWiM) 
guidelines [15]. Additionally, the risk of systematic 
bias was not assessed. Based on the currently avail-
able data, this systematic review appears to be the 
first study investigating the relationship between PC 
and BP in individuals with elevated BP and AH.

Discussion
The systematic search conducted across five elec-
tronic databases covering healthcare, physical edu-
cation, and sports — without temporal or linguistic 
restrictions— did not identify any RCTs examining the 
effects of different PC on BP in individuals with AH. 
Empty reviews, such as this one, play a crucial role in 
emphasizing the need for systematic analysis of cur-
rent issues. They highlight gaps in existing scientific 
literature, demonstrate the current level of evidence, 
and indicate areas where further research is neces-
sary [16, 17].

The impact of aerobic exercise protocols on BP in 
individuals with AH is well-documented in the glob-
al literature [6]. A 2023 meta-analysis compared two 
aerobic exercise modalities—high-intensity interval 
training (HIIT) and continuous aerobic training—find-
ing that HIIT had a greater BP-lowering effect than 
continuous aerobic workouts [18]. Additionally, a 2024 
meta-analysis suggests that sprint interval training 
(SIT) is an effective intervention for reducing BP in 
adults. This type of training represents a practical 
and feasible alternative to moderate-intensity contin-
uous training while providing additional health bene-

fits such as improved cardiovascular endurance and 
enhanced metabolic function [19].

For instance, a 2024 RCT involving competitive cy-
clists examined three tests with different PC rates 
(60, 90, and 120 rpm) while maintaining identical 
power output. The results indicated that at 120 rpm, 
the higher speed required a faster cycle of muscle 
contraction and relaxation, potentially increasing re-
liance on glycolytic fast-twitch muscle fibers, which 
are designed for rapid and powerful contractions [20]. 
The possible mechanisms underlying the benefits of 
HIIT and SIT with high PC include the recruitment of 
high-threshold muscle fibers, which triggers a cas-
cade of physiological processes that enhance the 
oxidative potential of glycolytic fibers. This, in turn, 
increases nitric oxide production, leading to antihy-
pertensive effects and improved aerobic capacity [21].

Although current international guidelines recom-
mend cycling as an aerobic exercise for the preven-
tion and treatment of AH [8], they do not specify the 
optimal PC for achieving the best outcomes. It is likely 
that different PC rates may have distinct effects on 
BP, underscoring the need for RCTs in this area.

Conclusion
The systematic review aimed at assessing the im-
pact of PC on BP in individuals with AH has revealed 
a significant gap in the available evidence. A thorough 
search of leading electronic databases using an ex-
tensive set of keywords failed to identify any RCTs that 
met the specified inclusion criteria. Consequently, 
there are currently no direct pieces of evidence link-

Fig. 1. Block diagram PRISMA
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ing PC effects to BP changes in individuals with AH. 
This result is important in itself, as it highlights the 
lack of high-quality evidence in this research area. It 
underscores the need for further scientific efforts to 
obtain reliable data. It is essential to emphasize that 
the absence of RCTs does not equate to a complete 

lack of information on this issue but rather indicates 
the necessity of conducting additional research to es-
tablish solid evidence.

Conflict of interests: none declared.
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Background. Enoxaparin sodium, a low molecular weight 
heparin, is widely used for prophylaxis and treatment of 
thrombotic diseases. Despite its efficacy, enoxaparin can 
lead to complications, including hemorrhagic events. 
Case presentation. We present a case of a 58-year-old 
man with ischemic heart disease and heart failure who 
developed a rare hemorrhagic complication—an exten-
sive thigh muscle hematoma—while on enoxaparin ther-
apy. The patient was managed conservatively with blood 
transfusion and discontinuation of anticoagulation, re-
sulting in favorable outcomes. 
Conclusions. This case underscores the importance of 
understanding the risks associated with enoxaparin ther-
apy and highlights the need for individualized patient 
management strategies. Furthermore, it emphasizes the 
significance of interdisciplinary collaboration in address-
ing rare complications to optimize patient care. Further 
research is warranted to enhance our understanding and 

management of such complications in thromboembolic 
disorders.
Key words: Enoxaparin, soft muscles hematoma, compli-
cations, management.
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Background 
Enoxaparin sodium is an injectable anticoagu-
lant belonging to the low molecular weight hepa-
rin (LMWH) class, which are one of the most used 
anticoagulants, they are acting by inhibition of the 
final common pathway of the coagulation cascade 
[1]. Enoxaparin is characterized by a high ratio of 
anti-Xa to anti-IIa activity, a more regular release 
of tissue factor pathway inhibitor, weaker platelet 
interactions, and less inhibition of bone formation, 
distinguishing it from unfractionated heparin (UFH) 
[2]. Its use expanded widely since its introduction in 
1995 for thrombotic disease prophylaxis, encom-
passing both curative treatment of venous and ar-
terial thromboembolic disease [3]. However, like any 
medication, enoxaparin has contraindications such 
as renal insufficiency, and it may elicit adverse ef-
fects, notably bleeding, a formidable complication 
whose severity varies depending on its origin and 
the patient’s clinical condition. Our case represents 
one of the hemorrhagic complications of enoxapa-
rin, albeit rare, particularly due to its unusual local-
ization.

Case presentation

Clinical findings
A 58-year-old man with modifiable cardiovascular 
risk factors, including a 5-year history of type 2 di-
abetes treated with rapid-acting insulin and chronic 
smoking cessation two months prior to admission, 
presented to the emergency department with wors-
ening dyspnea that exacerbated at rest, accompa-
nied by orthopnea evolving over the course of a week. 
Past medical history revealed treatment for ischemic 
heart disease over the past four years, initially man-
ifesting as a basal ST-elevation myocardial infarction 
(STEMI) necessitating revascularization through an-
gioplasty with active stenting of the middle anterior 
interventricular artery, proximal circumflex artery, 
and distal right coronary artery. Subsequent fol-
low-up indicated a left ventricular ejection fraction 
(LVEF) of 25%, with frequent ventricular extrasys-
toles managed pharmacologically. Additionally, the 
patient had undergone surgical intervention for an 
open leg fracture five years prior, utilizing external 
fixator osteosynthesis.

The patient’s medical regimen included treat-
ment for heart failure with reduced ejection fraction 

(HFrEF), comprising high-dose diuretics (Furosemide 
500 mg/day), Spironolactone 25 mg/day, a convert-
ing enzyme inhibitor (Ramipril 1.25 mg/day), aspi-
rin 75 mg/day, statin (Simvastatin 20 mg/day), and 
an antiarrhythmic agent (Amiodarone 200 mg/day). 
However, the patient reported non-adherence to pre-
scribed medications and discontinued therapy upon 
symptomatic improvement.

Symptoms of heart failure began approximately 
two months prior to presentation, initially manifest-
ing as New York Heart Association (NYHA) class III 
exertional dyspnea with lower limb edema and no 
other associated symptoms. Progression of symp-
toms over the preceding week was characterized 
by worsening dyspnea at rest and orthopnea, ex-
acerbation of edema to generalized edematous 
syndrome, and onset of productive cough, prompt-
ing medical consultation. Upon admission to the 
cardiac intensive care unit, the patient was noted 
to be drowsy and confused, with a Glasgow Coma 
Scale score of 14/15, hemodynamically stable with 
a blood pressure of 140/90 mmHg, heart rate of 
103 bpm, respiratory rate of 34 breaths per min-
ute, oxygen saturation of 82% on room air, capillary 
glucose level of 1.89 g/L, exhibiting cyanosis of the 
extremities, and weighing 99 kg (Body mass index: 
35 kg/m²).Cardiovascular examination revealed a 
systolic heart murmur of mitral regurgitation, a 
displaced apex beat, palpable and regular periph-
eral pulses, and signs of acute heart failure includ-
ing jugular venous distension, dependent edema 
reaching the root of the thigh with hydrocele for-
mation, low-to-moderate ascites, facial edema, and 
crackles audible up to the apex.

Pleuropulmonary examination revealed diffuse 
wheezing with localized rhonchi in the right basitho-
racic region, while abdominal examination was un-
remarkable apart from ascites. Electrocardiography 
demonstrated regular sinus rhythm, prolonged PR 
interval, anteroseptal Q waves, isoelectric ST seg-
ments, inverted T waves in lateral and inferior leads, 
and low QRS voltage in peripheral leads, along with 
frequent ventricular extrasystoles. Transthoracic 
echocardiography (TTE) identified uncertainty regard-
ing the presence of an apical thrombus measuring 29 
x 22 mm (Figure 1), with comprehensive findings out-
lined in the accompanying table I.
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Transthoracic Echocardiography findings
Table I: TTE findings at the admission

Left Ventricle
Dilated and non-hypertrophied, exhibiting global 

hypokinesia with a large apical akinesia. LVEF 
measured at 10–15%. Notably, there are apical 

thrombi measuring 29 × 22 mm

Mitral Valve Demonstrates a merged type with high left 
ventricular filling pressure (LVFP).

Left Atrium Dilated, without evidence of thrombus formation.
Right Atrium Also dilated, with no evidence of thrombus

Mitral Valve Presents of moderate mitral regurgitation without 
stenosis.

Aortic Valve Tricuspid without evidence of leakage or stenosis.
Right 
Ventricle Dilated with longitudinal systolic dysfunction.

Tricuspid 
Valve 

Exhibits laminar tricuspid regurgitation, with 
estimated pulmonary artery systolic pressure 
(PAPS) of 74+15 = 89 mmHg

Pericardium No effusion observed.
Inferior Vena 
Cava Expanded to 32 mm, indicating non-compliance.

Aorta Appears to be of normal caliber in the segments 
explored.

Additional Diagnostic Findings
Holter-ECG: Revealed rare supraventricular extra-
systoles without significant ventricular response. 
However, frequent ventricular extrasystoles were 
noted at a rate of 50 per hour, with a load estimated at 
1.65%. These extrasystoles were monomorphic and 
distributed throughout the day, including 16 bigeminy 
occurrences, 3 episodes of quadrigeminy, and 18 epi-
sodes of trigeminy. Notably, there was a burst of tran-
sient ventricular non-sustained tachycardia (TVNS) 
lasting 2800 ms at 6:00 p.m., and a rapid idioventric-
ular rhythm (RIVA) reaching 123 bpm at 11:55 p.m.

Venous Doppler Ultrasound of Lower Limbs: 
No evidence of deep vein thrombosis detected.
Abdominal Ultrasound: Demonstrated ascites with-

out any significant abnormalities noted in renal or 
vesical structures.

Renal-Vesical Ultrasound: Showed normal-sized, 
evenly contoured, and fairly well-differentiated kid-
neys, with no dilatation of the excretory cavities.

Chest X-ray: Revealed cardiomegaly with hilar 
overload

Table II: Biological findings at the 
admission

Biological Check-up: (Table II)

Hemoglobin: 10.3 g/dL (microcytic hypochromic anemia) 
Leukocytes: 5460/mm³
Neutrophils: 4430/mm³
Lymphocytes: 520/mm³
Platelets: 179000/mm³
Prothrombin Time (PT): 57%
Activated Partial Thromboplastin Time (aPTT): 34.2 seconds
Fibrinogen: 2.89 g/L
D-Dimers : 560 mg/mL
Urea: 1.61 g/L
Creatinine: 22 mg/L
Creatinine Clearance: 33 ml/min/1.73 m²
Sodium (Na+): 138 mmol/L
Potassium (K+): 4.4 mmol/L
Calcium (Ca++): 8.5 mg/dL
Magnesium (Mg++): 1.31 mg/dL
Plasmatic Protein: 71 g/L
C-Reactive Protein (CRP): 9.9 mg/L
Ferritin: 36.6 μg/mL
Aspartate Aminotransferase (ASAT): 26 IU/L
Alanine Aminotransferase (ALAT): 15 IU/L
Hemoglobin A1C (HbA1C): 8.5%
Creatine Phosphokinase (CPK): 238 IU/L
Lactate Dehydrogenase (LDH): 593 IU/L
Troponin I (us): 0.023 ng/mL
Thyroid-Stimulating Hormone (TSH): 1.28 mIU/L
Cytobacteriological Examination of Urine: Sterile

Fig. 1. The echocardiogram revealed an uncertain apical thrombus measuring 22 by 29 millimeters in the apical four-chamber view
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Cytobacteriological Examination of Urine: Sterile

Therapeutic Management
•	 Positioning.
•	 Half-seated position to optimize respiratory me-

chanics and alleviate dyspnea.
•	 Non-Invasive Ventilation: One-hour sessions ev-

ery four hours to assist with respiratory support and 
improve oxygenation.

•	 Nebulization: Nebulized treatments adminis-
tered once every four hours to relieve bronchospasm 
and facilitate airway clearance.

•	 Oxygen Therapy: High-concentration oxygen 
therapy delivered via mask until respiratory status 
improves, ensuring adequate oxygenation.

•	 Diuretics: Furosemide: 500 mg intravenous ini-
tially with subsequent boluses of 120 mg every six 
hours (totaling 1g/day) to reduce fluid overload and 
alleviate symptoms of congestive heart failure.

•	 Hydrochlorothiazide: 25 mg orally once daily for 
additional diuresis.

•	 Dobutamine was introduced at a dosage of 
2.5  µg/kg/min to enhance diuresis, following the 
CARESS protocol, subsequent to the placement of a 
central venous catheter in the right femoral vein be-
tween the 2nd and 5th day.

•	 Potassium Management: Potassium supple-
mentation titrated based on serum potassium lev-
els to prevent hypokalemia associated with diuretic 
therapy.

•	 Antiplatelet Therapy: Aspirin: 75 mg orally once 
daily for antiplatelet effects to reduce the risk of 
thrombotic events.

•	 Anticoagulation: Enoxaparin: 0.9 ml (90 mg ad-
justed to the patient’s weight) subcutaneously twice 
daily (0,9 mg/kg/12h), indicated in light of the follow-
ing findings: suspicion of intraventricular left throm-
bus, potentially exacerbated by significant apical aki-
nesia and impaired ejection fraction within the con-
text of ischemic cardiomyopathy.

•	 Lipid-Lowering Therapy: Simvastatin: 20 mg 
orally once daily to manage dyslipidemia and reduce 
cardiovascular risk.

•	 Antiarrhythmic Therapy: Amiodarone: 200 mg 
orally once daily for rhythm control in the setting of 
frequent ventricular extrasystoles.

•	 ACE Inhibitor: Ramipril: 1.25 mg orally once daily 
for its beneficial effects in heart failure management.

•	 Antibiotic Therapy: Amoxicillin-Clavulanic Acid: 
1g intravenous every eight hours for ten days to treat 
possible underlying infection.

•	 Iron Supplementation: Iron Injection: 1000 mg 
intravenous for the management of microcytic hypo-
chromic anemia.

•	 Chronic Obstructive Pulmonary Disease (COPD) 
Management: Implementation of appropriate phar-
macological and non-pharmacological measures to 
manage COPD exacerbation.

•	 Hygienic and Dietary Measures.

Clinical Progression and Management
On the seventh day of hospitalization which is the sev-
enth day of enoxaparin therapy, the patient presented 
with severe pain localized to the superior-internal as-
pect of the left thigh, accompanied by clinical findings 
of a palpable, tender ecchymosis (Figure 2). Despite 
these symptoms, the patient remained hemodynami-
cally stable. Laboratory investigation revealed a nota-
ble decline in hemoglobin levels, indicative of worsen-
ing anemia with a recorded value of 6.1 g/dL, the PT 
was low at 45%, aPTT was at 47 seconds (1,6 Normal 
value) and the anti-Xa activity was high (1,2 UI/mL). 
Soft tissue ultrasound examination delineated the 
presence of hematomas within the deep muscular loge 
of the medial thigh muscle group. Consequently, anti-
coagulant therapy was promptly ceased. Consultation 
with the vascular surgery team ensued, leading to 
the performance of arterial and venous doppler ul-
trasound assessments of the lower limbs, revealing 
an absence of discernible vascular lesions (Figure 3). 
Furthermore, an abdominal ultrasound was conduct-
ed to assess for the presence of peritoneal or retro-
peritoneal hemorrhage, yielding negative findings 
for hematoma formation. Subsequently, a collective 
decision was made to pursue conservative manage-
ment strategies, encompassing the implementation of 
the RICE protocol (Rest, Ice, Compression, Elevation), 
alongside anti-edematous and analgesic therapies. 
Additionally, the patient received a transfusion of 2 
units of packed red blood cells to address the exac-
erbation of anemia. The administration of protamine 
was omitted due to the hemodynamically stable con-
dition of the patient, who exhibited favorable response 
to alternative therapeutic interventions. Additionally, 
the presence of renal insufficiency posed a risk of 
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exacerbating renal filtration rate and consequently 
worsening cardiac decompensation.

Subsequent Progress
Substantial clinical amelioration was observed, 
marked by diminished pain severity and reduction in 
hematoma dimensions, as verified by both clinical 
evaluation and ultrasonographic imaging conduct-

ed on the second day following treatment initiation. 
Hemoglobin levels were meticulously monitored, 
demonstrating a controlled rise to 9.2 g/dL upon eval-
uation. Continuation of vigilant clinical and hemato-
logical surveillance ensured maintenance of stable 
hemoglobin levels, which eventually reached 11 g/dL. 
On the 10th day of hospitalization, a Transthoracic 
echocardiography revealed complete resolution of 
the previously identified apical thrombus, prompting 
the definitive cessation of anticoagulant therapy. 

A transthoracic echocardiogram is performed fol-
lowing the stabilization of the patient on the 14th day 
of hospitalization, confirming the absence of an intra-
cardiac thrombus, prompting the definitive cessation 
of anticoagulant therapy.

Subsequent to these positive developments, the pa-
tient was discharged from the hospital after 15 days 
of comprehensive treatment for heart failure, with ef-
fective management of decompensation and ongoing 
monitoring of the evolving hematoma. Follow-up con-
sultations were arranged at regular intervals of 7 days, 
15 days, and subsequent intervals, during which favor-
able clinical progress and regression of the hemato-
ma were consistently observed on ultrasound imaging, 
and without any thrombus visualized in the TTE.

Discussion
Enoxaparin stands as a prevalent choice among pre-
scribed anticoagulant therapies, ranking second 
only to UFH during the acute phase of coronary syn-
drome [4].

Enoxaparin, a depolymerized derivative of hepa-
rin, shares structural similarities with UFH, com-
prising glycosaminoglycans. Its composition fea-

Fig. 2. Image demonstrating significant extension of the 
hematoma.

Fig. 3. Vascular Doppler imaging reveals no vascular lesions 
adjacent to the hematoma.

Fig. 4. Four-chamber echocardiographic view confirming the 
absence of an intracardiac thrombus.
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tures polysaccharide chains composed of alter-
nating D-glucosamine and uronic acid residues [5]. 
Enoxaparin’s anticoagulant effect is mediated by in-
teraction with antithrombin III, which inactivates ser-
ine proteases such as factors IIa (thrombin), IXa and 
Xa, thus indirectly inhibiting the conversion of pro-
thrombin to thrombin and reducing thrombin-mediat-
ed conversion of fibrinogen to fibrin, thus preventing 
clot formation [4]. Intracardiac thrombus represents 
a common indication for LMWH anticoagulation, as 
observed in the case of our patient.

Intracardiac thrombi are a complication of severe 
left ventricular dysfunction at the stage of heart fail-
ure with LV ejection fraction < 40%, and differ in lo-
cation, type and size, thus being responsible for oth-
er thromboembolic events (stroke) and thus a high 
mortality [6]. The etiologies of intracardiac thrombi 
are multiple, dominated by ischemic heart disease, 
dilated cardiomyopathy, mitral stenosis, mechani-
cal prosthesis thrombosis, cardiac amyloidosis and 
also other systemic causes such as Bechet’s disease, 
thrombophilia, antiphospholipid antibody syndrome 
and systemic lupus erythematosus [6-8]. Diagnosis is 
based on thrombus visualization by transthoracic or 
transesophageal echocardiography, the latter prov-
ing superior in terms of positive thrombus diagnosis, 
or cardiac MRI [9, 10]. Left ventricular thrombi are 
generally located in the apical region and do not in-
filtrate the ventricular wall. Morphologically, thrombi 
may be laminar or protruding, smooth or irregular 
in shape. They are generally contiguous with areas 
of non-contracted myocardium. The appearance of a 
left ventricular thrombus on CT is variable and de-
pends on the age of the thrombus [11]. In the present 
case study, an ambiguous apical thrombus was iden-
tified through TTE. This observation was correlated 
with ischemic heart disease and a diminished ejec-
tion fraction of 15%.

Intracardiac thrombi are treated with anticoagu-
lant therapy, whether injectable in the acute phase 
(LMWH, UFH or fondaparinux), vitamin K antagonists 
or direct oral anticoagulants, with anticoagulation 
management differing according to several parame-
ters [12, 13]. In our clinical investigation, the decision 
to utilize LMWH was predicated upon the patient’s 
precarious clinical condition. Anticipating the need 
for invasive hemorrhagic interventions, specifically 
central venous catheterization for vasopressor drug 
delivery, LMWH or UFH were deemed advantageous 

due to their facilitation of such procedures and obvi-
ation of the necessity for continuous anticoagulation 
monitoring [14].

Anticoagulation with Enoxaparin requires weight-
based dose adjustment to avoid bleeding complica-
tions. A therapeutic dose has been successfully used 
in a morbidly obese patient at a weight-based dose 
of 0.85 mg/kg subcutaneously every 12 hours without 
the need for further adjustments [15]. A systematic 
literature review identified eight studies that evalu-
ated the therapeutic dosing of enoxaparin in patients 
with a BMI ≥ 40 kg/m2 or > 100 kg and determined 
that patients with reduced dosing (0.75–0.85 mg/kg) 
achieved target anti-Xa levels in 66% of cases, com-
pared with 43% of cases with full weight-based dosing 
(≥ 0.95 mg/kg), and that the use of reduced weight-
based enoxaparin dosing (0.75–0.85 mg/kg) may en-
able a greater number of obese patients with BMI ≥ 
40 kg/m2 or body weight > 100 kg to achieve target 
anti-Xa levels than with a full weight-based dose [16]. 
Although another study suggests that administra-
tion of enoxaparin to morbidly obese patients (up to 
175 kg) with doses capped at 150 mg was not asso-
ciated with an increase in the incidence of bleeding 
[17]. In our case, with a BMI of 35 kg/m², a dosage 
of 0.9 mg/kg subcutaneously every 12 hours was se-
lected.

Hemorrhagic complications of enoxaparin are 
highly variable in terms of location and life-threat-
ening severity, and may arise despite the implemen-
tation of preventive anticoagulation measures [18]. 
Mortality due to spontaneous muscle hematomas on 
anticoagulants can reach 25% [14].

Spontaneous muscle hematomas (SMH) as a com-
plication of anticoagulation are a rarely described 
entity, accounting for just 0.6% of all cases [19]. They 
are classically associated with anticoagulant treat-
ment and generally may occur in three distinct an-
atomical regions: the anterior abdominal muscula-
ture, the posterior abdominal musculature and the 
gluteal muscles. But they can also affect the lumbar 
and iliac muscles, with hemodynamic repercussions 
[20, 21].

Clinical symptomatology is highly variable, ranging 
from simple localized pain, with clinical examination 
revealing localized tenderness in the area of the he-
matoma, to hemodynamic instability if the bleeding 
is active and abundant, with general signs such as 
tachycardia and hypotension [14, 19]. 
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Biologically, anemia may manifest, the severity of 
which correlates with the extent of bleeding [14, 19]. 

Radiological diagnosis is based on ultrasonogra-
phy, which is the basic diagnostic tool, and CT, MRI or 
sometimes angiography of the lower limbs in search 
of arterial lesions [18, 19, 22, 33].

There is no consensus guiding the management of 
spontaneous muscle hematomas due to anticoagula-
tion. Case studies published in this field find that the 
basis of treatment is analgesia, treatment of predis-
posing conditions and discontinuation of anticoagu-
lation [14].

Conservative treatment is a therapeutic option. In 
the acute phase, it consists of pain relief and hema-
toma control, based on the RICE protocol (rest, ice, 
compression, elevation) [24, 25].  Ice will result in 
vasoconstriction, limiting hematoma extension, com-
pression to act on intramuscular blood flow, and el-
evation to reduce swelling by modifying the pressure 
gradient to increase limb drainage [26]. 

The need for a blood transfusion must be assessed 
on the basis of the patient’s hemodynamic status and 
comorbidities, it is not indicated systematically [23]. 

Reversing the anticoagulant effects in cases of 
bleeding can pose challenges. Protamine adminis-
tration may be considered for patients experiencing 
bleeding episodes, as it offers partial reversal of the 
effects of LMWH [14].

If the SMH is large or uncontrollable, surgery in-
volving incision and drainage of the hematoma, or 
surgical excision and drainage, remains an effective 
treatment option [23]. Another therapeutic avenue for 
managing active hemorrhage involves interventional 
procedures such as percutaneous transcatheter ar-

terial embolization (PTAE), which aims to occlude the 
bleeding vessel [18].

In our patient’s case, a conservative therapeutic 
strategy was implemented, comprising blood trans-
fusion and unequivocal discontinuation of anticoag-
ulant therapy, in conjunction with analgesic admin-
istration and strict adherence to the RICE protocol 
(rest, ice, compression, elevation). Case management 
was characterized by scrupulous oversight, contrib-
uting to a favorable clinical trajectory for the patient.

Conclusions
In conclusion, the management of venous throm-
boembolic disease and its associated complications 
necessitates a multifaceted approach grounded in 
evidence-based practices and patient-tailored inter-
ventions. The utilization of anticoagulation therapy, 
such as enoxaparin, underscores the delicate bal-
ance between thromboprophylaxis and the risk of 
hemorrhagic complications, especially in patients 
with complex medical backgrounds. Through a thor-
ough understanding of the pathophysiology and risk 
factors involved, coupled with vigilant monitoring and 
judicious dosing adjustments, clinicians can optimize 
patient outcomes while mitigating adverse events. 
Additionally, the recognition and prompt manage-
ment of rare complications like spontaneous muscle 
hematomas highlight the importance of interdisci-
plinary collaboration and individualized patient care. 
Moving forward, further research and clinical experi-
ence will continue to refine our approach to anticoag-
ulant therapy, ultimately enhancing patient safety and 
quality of care in the management of thromboembolic 
disorders.
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Text is printed on A4 sheet, font size – ​​12 pt, line 
spacing – ​1.5, margins 2 cm on all sides. The system 
of SI units is used for processing the material, the% 
sign is put through a space from the number, the val-
ue of p is written with a semicolon: p < 0.0001; the val-
ue of n is written with a small letter (n=20); signs >, <, 
±, =, +, – ​​when numerical values are written without a 
space; the value of "year” or “year" is issued – ​​2014 or 
2002 – ​2014.

The article should be carefully verified by the au-
thor (s). The authors are responsible for the correct-
ness of citation, doses and other factual materials.

Introduction – ​it is necessary to describe the con-
text and prerequisites of the work (what is the es-
sence of the problem and its significance). It sets cer-
tain goals or describes the object of the study, or a 
hypothesis that needs to be tested by comparison or 
observation. Only those sources that directly indicate 
the problem are cited.

Statistics – ​​all published materials are reviewed by 
an expert in statistics and must meet "Uniform re-
quirements for manuscripts submitted to biomedical 
journals" (Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals, Ann Intern Med 
1997, 126: 36 – ​47). In the preparation of the statisti-
cal part of the work it is recommended to use spe-
cial guidelines, for example, the European journal 
of cardiology: www.oxfordjournals.org/our_journals/
eurheartj/for_authors/stat_guide.html
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Statistical methods are described in detail in the 
Material and methods section.

Acknowledgements – ​​all participants who do not 
meet the authorship criteria should be listed in the 
Acknowledgements section, which is located at the 
end of the article before the Literature section.

Making graphs, diagrams and drawings – ​​tables 
and figures should provide the reader with visual 
information, be interesting and educational. They 
should be placed after the text of the article, as the 
reviewer and editor look at the manuscript as a whole. 
However, to print in the journal (at the stage of cre-
ating a layout) graphics, diagrams and drawings are 
required in electronic form in the formats "MS Excel”, 
“Adobe Illustrator”, “Corel Draw”, “MS PowerPoint", 
photos with a resolution of at least 300 dpi.

The names of the graphs and figures, as well as 
notes to them should be placed under the figure/
graph or placed at the end of the article.

These files are referred to as additional files. 
Figures should not repeat the materials of the tables.

Tables should contain the compressed, necessary 
data. Each table is placed at the end of the text (after 
the list of references) with the number, name and ex-
planation (note, abbreviations).

The tables should clearly indicate the dimension 
of the indicators and the form of data (M±m; M±SD; 
Me; Mo; percentiles, etc.). All figures, totals and per-
centages should be carefully verified, and also cor-
respond to the mention in the text. The explanatory 
notes are given below the table, if necessary. The 
footnotes must be in the following order: *, †, §, ||, ¶, 
#, **, †† etc.

Abbreviations should be listed in a footnote below 
the table in alphabetical order (for tables its list of 
abbreviations!).

Each first mention of a figure or table in the text 
is highlighted with a yellow marker. If a reference to 
a figure or table is included in the sentence, the full 
spelling of the word «figure 1», «table 1» is used; if 
the words are enclosed in brackets, the abbreviation 
is used (Fig. 1), (table. 1).

Providing the main file of the manuscript with the 
names of the authors or institutions is the basis for 
refusal to accept the manuscript for consideration.

V. The list of references.
In the form to fill in when submitting the article 

provides a list of cited literature (section – ​​Literature).

Literary references are listed in the order of cita-
tion in the manuscript. The text refers to the serial 
number of the cited work in square brackets [1] or [1, 
2]. Each link in the list is on a new line. All documents 
referred to in the text should be included in the list of 
references.

References to works that are not in the list of 
references and Vice versa, references to unpub-
lished works, as well as to works of many years ago 
(>10 years) are not allowed. The only exceptions are 
rare highly informative works. Especially close at-
tention to this item, please pay to those authors who 
submit “literature Review”.

The bibliographic description contains the names 
of the authors up to three, after which, for domestic 
publications should indicate “et al.”, for foreign – ​​“et 
al.” When citing articles from journals indicate in the 
following order the output: the name and initials of 
the authors, the name of the source, year, volume, 
number, pages (from and to). When citing articles 
from the collections indicate the output: name, ini-
tials, title, title of the collection, place of publication, 
year of publication, page (from and to).

If you want to make a quotation of the authors ‘ 
names in the text, you must specify the name of the 
first author with the initials, the year of work. Example 
design: Smith AA, et al. (2018).

With the purpose of increase of citation in the jour-
nal is the transliteration of Russian sources with the 
use of the official languages in the following order: 
the authors and the journal title is transliterated in 
the Latin alphabet, and the name of the article is se-
mantic transliteration (translation into English). The 
name of the source where the work is published is 
transliterated in Latin if the source (journal) does not 
have an official name in English).

All Russian-language sources of literature should 
be presented in the transliterated version of the mod-
el given below.

The author (s) are responsible for the correctness 
of the data given in the references.

The list of references should correspond to the 
format recommended by the American National 
organization For information standards (national 
Information Standards organization – ​​NISO), adopted 
by the National Library of Medicine (NLM) for data-
bases (Library’s MEDLINE/PubMed database) NLM: 
http://www.nlm.nih.gov/citingmedicine Oh? The 
names of periodicals may be abbreviated. Usually this 
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form of writing is accepted by the publisher; it can be 
found on the website of the publisher, or in the list of 
abbreviations Index Medicus.

Mandatory all articles DOI specified, all books ISBN. 
References to dissertations, patents, theses and any 
collections without output and ISBN are not accepted.

Examples of link design:
Article citation:
Smith A, Jones B, Clements S.  Clinical translation 

of tissue-engineered airway. Lancet. 2008;372:1201 – ​
09. DOI:10.00000/0000-0000-.

Russian-language sources with transliteration:
Bart BYa, Larina VN, Brodskyi MS, et al. 

Cardiac remodelling and clinical prognosis in pa-
tient with chronic heart failure and complete left 
bundle branch block. Russ J Cardiol. 2011;6:4 – ​
8. Russian. Барт Б. Я., Ларина В. Н., Бродский М. С., 
и др. Ремоделирование сердца и прогноз больных 
с  хронической сердечной недостаточностью при 
наличии полной блокады левой ножки пучка Гиса. 
Российский кардиологический журнал. 2011;6:4 – ​
8. DOI:10.15829/1560-4071-2011-6-4-8.

Book:
Shlyakhto EV, Konradi AO, Tsyrlin VA. The autonomic 

nervous system and hypertension. SPb.: Meditsinskoe 
izdatel’stvo; 2008.  Russian. Шляхто  Е.  В., Конра
ди  А.  О., Цырлин  В. А.  Вегетативная нервная 
система и  артериальная гипертензия. СПб.: 
Медицинское издательство; 2008. ISBN 0000 – ​0000.

Chapter:
Nichols WW, O’Rourke MF. Aging, high blood 

pressure and disease in humans. In: Arnold E, ed. 
McDonald’s Blood Flow in Arteries: Theoretical, 
Experimental and Clinical Principles. 3rd ed. London/
Melbourne/Auckland: Lea and Febiger; 1990. p.398 – ​
420. ISBN 0000 – ​0000.

Russian chapter:
Diagnostics and treatment of chronic heart failure. 

In. National clinical guidelines 4th ed. Moscow: Silicea-
Polygraf; 2011. pp.203 – ​93.  Russian  Диагностика 
и лечение хронической сердечной недостаточности. 
В  кн: Национальные клинические рекомендации. 
4-е издание. М.: Силицея-Полиграф; 2011.сс.203 – ​
96. ISBN 0000 – ​0000.

Webpage:
Panteghini  M.  Recommendations on use of bio-

chemical markers in acute coronary syndrome: 

IFCC  proposals. eJIFCC  14. http://www.ifcc.org/ejif-
cc/vol14no2/1402062003014n.htm (28 May 2004)

All sources of literature are checked for correct-
ness through the system of the Russian electronic 
library. Significant errors in citation or duplication of 
the source are the reason for the return of the manu-
script to the authors for revision.

VI. Preparation of manuscript.
The author prepares the following documents to 

upload the manuscript to the site:
The main file Is the text of the article (the system 

renames it after loading, so it does not matter how it 
is called).

Additional files-Directional (accompanying) letter, 
Information file with the Title page, information about 
the authors and disclosure of conflicts of interest, 
files with pictures.

For more information on placing articles on the 
website you can read http://cardiovascular.elpub.ru/
jour/announcement

VII. Copyright and publishing policy.
This section regulates the relationship between 

the editorial Office (Publisher) of  International heart 
and vascular disease journal (the “editorial Office”) and 
the author or group of authors who submitted their 
manuscript for publication in the International heart 
and vascular disease journal (the “Author”).

The author, by sending the article to the Editor, 
agrees that the editorial Board of the journal shall 
be transferred to the exclusive property rights to use 
the manuscript (transferred to the Editorial Board of 
the journal material, including such protected ob-
jects of copyright as photos of the author, drawings, 
diagrams, tables, etc.), including the reproduction in 
print and on the Internet; distribution; translation into 
any languages of the peoples of the world; export and 
import of copies of the journal with the article of the 
Author for distribution, to bring to the public.

The editorial Board reserves the right to reduce 
and edit the materials of the manuscript, to carry out 
scientific editing, to reduce and correct articles, to 
change the design of graphs, drawings and tables to 
bring into line with the design of the journal, without 
changing the meaning of the information provided.

When using the article, the editors have the right to 
supply it with any illustrated material, advertising and 
allow third parties to do so.
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The editorial Board has the right to assign the rights 
received from the Author to third parties and has the 
right to prohibit third parties from any use of materials 
published in the journal for commercial purposes.

The author guarantees that he has exclusive rights 
to use the submitted material. In case of violation 
of this guarantee and the presentation of claims to 
the editorial Board, the Author independently and at 
his own expense undertakes to settle all claims. The 
editorial Board is not responsible to third parties for 
violation of the Author’s guarantees.

The Author retains the right to use the published 
material, its fragments and parts for personal, in-
cluding scientific and teaching purposes.

The Author transfers the above rights to the Editors 
without limitation of their validity period, in the terri-
tory of all countries of the world without limitation, 
including the territory of the Russian Federation.

The rights to the manuscript are considered to be 
transferred By the author of the editorial Office from 
the moment of sending an information letter about 
the acceptance of the manuscript to the press.

Reprinting of materials published in the journal by 
other individuals and legal entities is possible only 
with the written permission of the editorial Board, 
with the obligatory indication of the journal name, 
number and year of publication.

The editors are not responsible for the accuracy of 
the information provided by the Author.

The author, sending the manuscript to the Editor, 
gives permission to use and process personal data.

The editorial Board reserves the right to reduce and 
correct the articles, to change the design of graphs, 
figures and tables to comply with the standard of the 
journal, without changing the meaning of the infor-
mation provided. In case of untimely response of the 
author (s) to the request of the editorial Board, the 
editorial Board may at its discretion make changes to 
the article or refuse to publish.

Sending to the editor of works that have already been 
sent to other publications or printed in them is abso-
lutely not allowed. The editors are not responsible for 
the accuracy of the information provided by the authors. 
Articles sent in violation of the rules of registration are 
not accepted by the editorial Board for consideration.

VIII. The procedure for rewiewing manuscripts
The manuscript should be sent in electronic form 

to the Editor through the website – ​http://www.heart-

vdj.com. The manuscript should be drawn up in ac-
cordance with these requirements for scientific arti-
cles submitted for publication in the journal.

The author is sent a notification letter of receipt of 
the manuscript with the number (ID), which will be 
used in subsequent correspondence. The author can 
track the stages of work on his manuscript through 
the site. Since the process of bringing the manuscript 
to the necessary standards takes enough expert time, 
the payment for the initial review of the article was 
introduced, which the author (s) are required to carry 
out after the article is posted on the site.

The manuscript must pass the primary selection: 
the Editorial Board has the right to refuse publication 
or send comments to the article, which must be cor-
rected by the Author before reviewing.

 – ​​checking the completeness of the manuscript: if 
you do not comply with the requirements of the Rules 
for the authors to complete the manuscript or its de-
sign, the Editors have the right to refuse to publish or 
in writing to require to send the missing materials or 
to correct the version already downloaded to the site.

 – ​​Manuscripts are checked in the "Antiplagiat" sys-
tem. The originality of the manuscript should be at 
least 75 %. We expect manuscripts submitted for pub-
lication to be written in an original style that involves 
new thinking without the use of previously published 
text. Manuscript with originality below 75 % shall not 
be admissible.

All manuscripts submitted to the journal are sent 
to one of the permanent reviewers or an independent 
expert according to the profile of the research.

The review process is anonymous both for the 
Author and for the reviewers. The manuscript is sent 
to the reviewer without the names of the authors and 
the name of the institution.

The editorial Board informs the Author of the re-
sults of the review by e-mail.

If the reviewer makes a conclusion about the pos-
sibility of publication of the article and does not make 
significant corrections, the article is given to the ex-
pert on statistics and after a positive report is accept-
ed for further work.

If the reviewer makes a conclusion about the 
possibility of publication of the article and gives in-
structions on the need for its correction, the Editorial 
Board sends the review to the Author with a proposal 
to take into account the recommendations of the re-
viewer in the preparation of a new version of the ar-
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ticle or to refute them. In this case, the Author needs 
to make changes to the last version of the article file, 
which is located on the site (download file from the 
site, make changes and place the corrected article 
again, after removing the primary (uncorrected) ver-
sion). The revised article is re-sent for review, and the 
conclusion is given that all the recommendations of 
the reviewer were taken into account. After receiving 
a positive response of the reviewer, the article is given 
to the expert on statistics and after a positive report is 
accepted for further work.

If the reviewer makes a conclusion about the im-
possibility of publication of the article. The author of 
the reviewed work is given the opportunity to read the 
text of the review, if he does not agree with the con-
clusions of the reviewer. In case of disagreement with 
the opinion of the reviewer, the Author has the right to 
provide a reasoned response to the Editor. The article 
can be sent for re-review or for approval to the edito-
rial Board. The editorial Board or its authorized editor 
shall send its response to the Author.

All manuscripts that have been reviewed and eval-
uated by an expert in statistics are submitted to the 
editorial Board, which decides on the publication. 
After the decision on the admission of article for pub-
lication, the Editorial office inserts the publication of 
the article in terms of publications. Information about 
the annual (thematic) plan of publications is placed 
on the website of the journal.

The decision to publish a manuscript is made sole-
ly on the basis of its significance, originality, clarity 
of presentation and compliance of the research topic 
with the direction of the journal. Reports on studies in 
which negative results are obtained or the provisions 
of previously published articles are challenged are 
considered on General grounds.

Original reviews are kept in the Editorial office for 
5 years from the date of publication.

In case of a decision to refuse to publish an article, 
its archive copy remains in the electronic system of 
the editorial Board, but access to it by editors or re-
viewers is closed.

IX. The manner of publication of manuscripts
According to the requirements of the Higher attes-

tation Commission, the journal provides priority for 
post-graduate and doctoral works, the period of their 
publication depends on the expected date of protec-

tion, which the authors must specify in the primary 
documents attached to the manuscript.

Each issue of the journal is formed by a separate 
Executive editor appointed by the editor-in-Chief and/
or editorial Board. It is the responsibility of the edi-
tor-in-charge to select high-quality articles for publi-
cation, and he can be guided by both thematic princi-
ples and a separate scientific direction.

All selected articles are submitted to the sci-
entific editor and proofreader. After creating the 
layout of the article and editing it, the article will 
be available to the Author through the site. At this 
stage, it will be possible to send comments on the 
text of the article. The author is obliged to send 
his  / her consent to the publication or his / her 
comments within the established time specified in 
the cover letter.

The editorial office does not send the author’s copy 
by mail or PDF of the article by e-mail, access to the 
published numbers is open.

Subscription to the printed version is carried out by 
half a year (through subscription agencies).

X. After the publication in the journal
Information on publication is distributed in the fol-

lowing scientific citation databases: Russian science 
citation index, CYBERLENINKA and others. The arti-
cle is assigned a DOI index and the full text is publicly 
available on the journal’s website.

Information about the publication of the issue 
is distributed by mailing of The Cardioprogress 
Foundation and in social networks.

We expect the authors of the articles to actively 
make efforts to bring the results of their research 
to the public, namely: to have a personal page on 
the Internet (personal page), to monitor and update 
your profile ORCID and RecsearcherID, to involve col-
leagues in their work through social networks.

XI. Revocation or correction of articles
The full text of the journal’s policy on Revocation 

and correction of articles is available in the informa-
tion section on the website. The editors follow COPE 
Recommendations issued by the Committee on pub-
lishing ethics (COPE) – ​​http://www.publicationethics.
org.uk. in cases:

Editors of journals should consider the opinion of 
the publication, if:
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they have clear evidence of the unreliability of the 
information published, either as a result of conscious 
actions (for example, falsification of data), or due to 
good faith errors (for example, errors in calculations 
or experiments); the findings have been previously 
published in another publication and there is no proper 
reference, authorization and justification for re-pub-
lication (i.e. duplicate publication).); it is plagiarism; 
describes unethical research.

Editors of journals should consider the concerns, if:
they received information about the authors ‘ in-

appropriate actions, but there is no clear evidence of 
such behavior; there are arguments that the results 
of the work are unreliable, and the institution in which 
the authors work is not going to find out the truth; 
they believe that the investigation into the alleged vio
lations committed by the authors in connection with 
the publication has either not been or will not be fair, 
impartial and convincing; the authors ‘ violations are 
being investigated, but the results are not expected 
soon enough.

Journal editors should consider making amend-
ments if:

a small part of the rest of the high-quality publication is 
unreliable (especially because of conscientious errors); 
the list of authors / sponsors contains errors (i.e., it does 
not contain someone who is worthy to be an author, or a 
person who does not meet the authorship criteria).

In most cases, a review is not appropriate if:
authorship needs to be changed, but there is no 

reason to doubt the validity of the findings.

XII. Position E-log backup (if journal is no longer 
published)

The purpose of backup is to prevent loss of infor-
mation in case of hardware, software, critical and cri-
sis situations, etc.

Information of the following main categories is 
subject to backup: – ​​personal information of authors 
(personal directories on file servers); – ​​pdf of pub-
lished articles; – ​​information about literary links to 
the article in the DOI system.

All this information is publicly available in The sys-
tem of the Russian citation index on the website of the 
Electronic library www.elibrary.ru

XIII. Journal subscription
Information on subscriptions is available on the 

journal website in the section "Subscription":

XIV. Journal subscription
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Official sites where information about the journal 
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