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ABSTRACT
BACKGROUND: Chronic heart failure is one of the key problems of the Russian domestic healthcare system. E-health can be 
used to improve medical care quality and reduce the of hospitalizations and mortality.
AIM: To examine the effect of telemedicine monitoring on mortality, frequency of hospitalizations, and clinical and functional 
states of patients with chronic heart failure.
MATERIALS AND METHODS: A prospective, controlled, randomized study was conducted in the Central City Hospital No. 
20 in Ekaterinburg (Russia), covering the period from December 2020 to December 2022. Patients with a confirmed diagnosis 
of chronic heart failure were randomized using the envelope method into three groups: group 1, a telephone control group 
(n = 58); group 2, a remote control group using a Russian medical platform Medsenger (n = 52); and group 3, the standard 
control group (n = 103). All patients were examined, including NT-proBNP measurement and echocardiography on the first day 
of the study and at 3, 6, and 12 months. The occurrence of primary and secondary outcomes was evaluated at these reference 
points. Stata14 and jamovi software were used for statistical processing.
RESULTS: The study involved 213 participants, and all three groups were comparable in terms of basic demographic and clinical 
characteristics. The advantage of remote control (groups 1 and 2) over face-to-face observation in reducing cardiovascular 
mortality was observed after 3 (odds ratio 2.73, 95% confidence interval 1.1–7.39; P = 0.042) and 12 (odds ratio 2.1, 95% 
confidence interval 1.1–3.7; P = 0.027) months and that in reducing the occurrence of the combined primary endpoint (odds 
ratio 2.1, 95% confidence interval 1.1–5.6; P = 0.015) after 12 months. The use of the Medsenger platform also demonstrated 
an advantage over face-to-face observation in the development of the combined secondary endpoint (odds ratio 1.39, 95% 
confidence interval 0.19–0.81; P = 0.011) after 3 months and over telephone control by a nurse after 12 months in reducing 
cardiovascular mortality (odds ratio 0.177, 95% confidence interval 0.06–0.487; P = 0.021) and development of the combined 
secondary endpoint (odds ratio 0.427, 95% confidence interval 0.189–0.964; P = 0.041). When using the Medsenger platform, 
the ejection fraction increased from 47% initially to 55% after 12 months (P = 0.004). The NT-proBNP level decreased from 
817 to 582 pg/mL (P < 0.001) after 3 months and then to 233 pg/mL after 12 months (P < 0.001).
CONCLUSION: Remote monitoring protocols can be a good alternative to the traditional face-to-face monitoring of patients 
with chronic heart failure, which may improve clinical and functional health indicators.
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АННОТАЦИЯ
Обоснование. Хроническая сердечная недостаточность — одна из ключевых проблем отечественной системы здравоохра-
нения. Для повышения качества оказания медицинской помощи и снижения частоты госпитализаций и смертности могут 
использоваться возможности электронного здравоохранения.
Цель — изучить влияние телемедицинского мониторинга на смертность, количество повторных госпитализаций и клинико-
функциональный статус пациентов с хронической сердечной недостаточностью. 
Материалы и методы. Проспективное, контролируемое, рандомизированное исследование проходило на базе Централь-
ной городской больницы № 20 (г. Екатеринбург) с декабря 2020 года по декабрь 2022 года. Пациенты с подтверждённым 
диагнозом хронической сердечной недостаточности были рандомизированы методом конвертов на 3 группы: 1-я группа — 
группа телефонного диспансерного наблюдения (n=58), 2-я группа — группа диспансерного наблюдения на российской ме-
дицинской платформе Medsenger (n=52), 3-я группа — группа стандартного очного наблюдения у кардиолога поликлиники 
(n=103). Всем пациентам проводился осмотр, исследование концентрации NT-proBNP и эхокардиография при включении 
в исследование и во временных промежутках 3, 6 и 12 месяцев. В референсных точках оценивалось наступление первичной 
и вторичной конечных точек. Статистическая обработка была выполнена с использованием программ Stata 14 и jamovi.
Результаты. В исследовании приняли участие 213 человек, все 3 группы были сопоставимы между собой по основным де-
мографическим и клиническим характеристикам. Было выявлено преимущество дистанционного (группы 1 и 2) перед очным 
(группа 3) наблюдением по снижению сердечно-сосудистой смертности через 3 месяца (отношение шансов 2,73, 95% до-
верительный интервал 1,1–7,39: p=0,042) и через 12 месяцев (отношение шансов 2,1, 95% доверительный интервал 1,1–3,7; 
p=0,027), а также показателю комбинированной первичной конечной точки через 12 месяцев (отношение шансов 2,1, 95% 
доверительный интервал 1,1–5,6; p=0,015).
Использование платформы Medsenger обладает преимуществом перед очным наблюдением в развитии событий комби-
нированной вторичной точки через 3 месяца (отношение шансов 1,39, 95% доверительный интервал 0,19–0,81; p=0,011); 
перед проведением структурированного телефонного опроса медицинской сестрой через 12 месяцев наблюдения по по-
казателю сердечно-сосудистой смертности (отношение шансов 0,177, 95% доверительный интервал 0,06–0,487; p=0,021) 
и по развитию событий комбинированной вторичной конечной точки (отношение шансов 0,427, 95% доверительный интер-
вал 0,189–0,964; p=0,041). 
При использовании платформы Medsenger фракция выброса левого желудочка выросла с 47% исходно до 55% через 12 ме-
сяцев (p=0,004). Концентрация NT-proBNP снизилась с 817 пг/мл до 582 пг/мл (p <0,001) через 3 месяца, и до 233 пг/мл — 
через 12 месяцев (p <0,001).
Заключение. Разработка протоколов дистанционного наблюдения может стать хорошей альтернативой традиционному оч-
ному наблюдению пациентов с хронической сердечной недостаточностью, приводя к улучшению клинических и функцио-
нальных показателей здоровья. 

Ключевые слова: хроническая сердечная недостаточность; дистанционное диспансерное наблюдение; телемедицинский 
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摘要

论证。慢性心力衰竭是国家医疗系统的主要问题之一。电子医疗可用于提高医疗质量，降低住院率

和死亡率。

目的是研究远程医疗监控对慢性心力衰竭患者的死亡率、再次住院次数以及临床和功能状态的影响。

材料和方法。这项前瞻性、对照、随机研究于 2020 年 12 月至 2022 年 12 月在 Central 

City Hospital №20（叶卡捷琳堡）进行。确诊为慢性心力衰竭的患者通过信封法随机分为三

组：第一组——电话防治所随访组（n=58），第二组——俄罗斯医疗平台 Medsenger 上的防治所

随访组（n=52），第三组——综合医院心脏病专家面对面标准随访组（n=103）。所有患者在加入研

究时以及 3、6 和 12 个月时都接受了 NT-proBNP 浓度和超声心动图检查。主要和次要终点的

发生情况在参考点进行评估。统计处理使用 Stata 14 和 jamovi 程序进行。

结果。共有 213 人参加了这项研究。就基本人口统计和临床特征而言，所有三组均具有可比性。远程

随访（第 1 组和第 2 组）比面对面随访（第 3 组）更能降低 3 个月和 12 个月的心血管死亡 

率（为 3 个月：机会比率 2.73，95% 置信区间 1.1-7.39；P=0.042），（为 12 个月：机会比率 2.1， 

95% 置信区间 1.1-3.7；P=0.027）。在 12 个月的综合主要终点也观察到了获益（机会比率 2.1，95% 

置信区间 1.1-5.6；P=0.015）。

与面对面随访相比，使用 Medsenger 平台在 3 个月后发生合并次要终点事件方面（机会比率 

1.39，95% 置信区间 0.19-0.81；P=0.011），在随访 12 个月时，由护士进行结构化电话访谈前，心

血管死亡率方面（机会比率 0.177，95% 置信区间 0.06-0.487；P=0.021）和合并次要终点事件的发

生率方面（机会比率 0.427，95% 置信区间 0.189-0.964；P=0.041）更具优势。

使用 Medsenger 平台后，左心室射血分数从基线的 47% 增加到 12 个月后的 55%（P=0.004）。3 个月

后，NT-proBNP 浓度从 817 pg/ml 降至 582 pg/ml（P<0.001），12 个月后降至 233 pg/ml（P<0.001）。

结论。制定远程监控协议可能是替代传统的面对面随访慢性心衰患者的一个好办法，从而改善临床

和功能性健康结果。

关键词：慢性心力衰竭；远程防治所监控；远程医疗监控。
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BACKGROUND
Chronic heart failure (CHF) is one of the major problems 

of the Russian healthcare system. High mortality and 
readmission rates, regional demographic imbalances, poor 
treatment adherence, staffing shortages, and other outpatient 
challenges require improved management of this patient 
population [1, 2]. All these issues require a comprehensive 
approach, and eHealth can be used to address the journey of 
patients with CHF.

In the age of modern technology, numerous healthcare 
tasks are solved by systems that automate much of the 
work of healthcare professionals (HCPs), increasing the 
accessibility and quality of care at a lower cost. Patients can 
learn about their disease online, monitor their vital signs, 
communicate with their doctor, and receive medical care 
remotely [3, 4].

Studies of the clinical effectiveness of telemedicine 
monitoring have evaluated the effect of technology on 
all-cause and cardiovascular mortality, rate of readmission 
for decompensated CHF, and quality of follow-up (FU) [5]. 
Comparative studies of routine FU with telephone monitoring 
or noninvasive telemonitoring have provided valuable 
information on the advantages and disadvantages of these 
methods [6, 7]. However, the current results are highly 
inconsistent. The number of patients enrolled, study design, 
and length of FU vary widely; thus, conclusions are often 
quite opposite. In addition, not enough studies of high-quality 
design have evaluated the effect of telemedicine monitoring 
in the CHF population in Russia. Therefore, this study is 
relevant.

STUDY AIM
This study aimed to evaluate the effect of telemedicine 

monitoring on mortality, readmission rates, and clinical and 
functional status of patients with CHF.

MATERIALS AND METHODS
Study Design

This study employed an interventional, single-center, 
prospective, controlled, randomized, selective, unblinded 
design.

Eligibility Criteria
Inclusion criteria:
 • Signed informed consent for outpatient CHF FU in 

Yekaterinburg Central City Hospital No. 20.
 • Confirmed stage II–III (Strazhesko–Vasilenko 

classification) CHF and New York Heart Association 
(NYHA) functional classes (FC) I–IV.

Exclusion criteria:
 • Age <18 years
 • Pregnancy and lactation

 • Unexplained shortness of breath
 • Noncardiac edema syndrome
 • Patient refusal of FU
 • End-stage CHF: stage III (Strazhesko–Vasilenko 

classification) CHF and NYHA FC IV.

Investigational Site
Patients were enrolled in the Outpatient Heart Failure 

Center of Yekaterinburg Central City Hospital No. 20.

Study Duration
Patients were recruited from December 2020 to December 

2021, with a post-randomization FU of 12 months.
A Medsenger electronic platform (OOO TelePat, Russia) 

for remote monitoring of patients with CHF was implemented 
after a trial period from December 1, 2020, to December 14, 
2020. During this period, the system was tested on eight 
patients. Vital parameters such as blood pressure (BP), heart 
rate (HR), and body weight were evaluated in the test mode. 
Other elements of the system were also tested, including 
patient wellness data transmission, audio messaging, and 
video-calling options. This preparation helped in identifying 
some of the platform’s shortcomings in terms of CHF 
monitoring and developing a more convenient version of 
the program for all stakeholders. After the test period 
and following the implementation of major changes, the 
enrollment of patients with CHF was initiated.

Description of Medical Intervention
CHF was diagnosed according to the clinical guidelines 

for CHF of the Russian Society of Cardiology, which were 
approved by the Research and Practice Council of the 
Ministry of Health of the Russian Federation in 2020. The 
screening to confirm CHF included a medical history, general 
physical examination, and assessment of the FC of CHF 
using the 6-min walk test. All patients underwent a series 
of standard clinical laboratory tests (complete blood count, 
blood biochemistry with plasma glucose, potassium, sodium, 
creatinine, and calculation of the Chronic Kidney Disease 
Epidemiology Collaboration [CKD-EPI] glomerular filtration 
rate), and N-terminal prohormone of brain natriuretic peptide 
(NT-proBNP) measurement.

Study investigations included:
 • 12-lead electrocardiography
 • Echocardiography (EchoCG)
 • Neck Doppler ultrasound scan
 • Abdominal and pleural ultrasonography (as indicated)
 • Chest X-ray imaging

After a baseline visit to a cardiologist and confirmation 
of a diagnosis of CHF, patients were randomized to three FU 
groups by the envelope method:

Group 1: Telemedicine monitoring included a structured 
telephone interview conducted by a nurse using a specific 
questionnaire (Table 2). This was done once or twice a 
month, depending on the baseline severity of CHF.

Vol. 5 (2) 2024ORIGINAL STUDY ARTICLES
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Group 2: Monitoring using Medsenger telemedicine 
monitoring software. The methodology of telemedicine 
monitoring is described below.

Group 3: Control group; standard face-to-face FU with a 
cardiologist at a local outpatient facility in accordance with 
current guidelines for CHF management.

A comparative analysis was also conducted at months 
3, 6, and 12. Groups 1 and 2 used remote monitoring as the 
main FU method (Table 1).

In Group 1, a telephone survey and remote software 
monitoring were conducted by a nurse using a predesigned 
algorithm, with further strategies based on patient 
responses. Validated algorithms developed at the National 
Medical Research Center of Cardiology named after 
Academician E.I. Chazov of the Ministry of Health of the 
Russian Federation were used to determine the urgency of 
medical care [8].

In Group 2, patients received a daily notification about the 
need to enter their parameters (BP, HR, and body weight) 
into the system for clinical disease monitoring. Well-being 
and adherence questionnaires were sent every 3 days. 
In addition, all patients were instructed in advance (at the 
randomization visit) to perform daily self-monitoring of BP, 
HR, and body weight.

The remote monitoring in Groups 1 and 2 included the 
major and minor criteria for CHF decompensation (Table 2) 
based on national guidelines for CHF diagnosis and treatment.

Major CHF decompensation criteria:
 • Increased shortness of breath and fatigue
 • Orthopnea
 • Paroxysmal nocturnal dyspnea
 • Decreased exercise tolerance
 • Ankle swelling

Minor CHF decompensation criteria:
 • Night cough
 • Weight gain >2 kg per week
 • Depressive disorder
 • Heart palpitations

All data obtained were processed automatically. If BP, 
HR, and body weight were out of range, or if the major/minor 
criteria for CHF decompensation were met, the program 
automatically sent a notification to the administrator (nurse 
and/or physician), who then decided on the need for a 
face-to-face or telemedicine consultation to change monitoring 
and treatment strategies. If the emergency criteria were met, an 
ambulance would be called. In accordance with the algorithm, 
the patient should receive a response to this notification 
within 24 h. Patients were not monitored on nonworking days, 
weekends, and holidays. They were instructed in advance 
about the need to seek medical care independently (at the local 
emergency room or by calling an ambulance) if their condition 
deteriorated. This response algorithm was used in both remote 
FU groups (Groups 1 and 2).

Primary Findings
The study evaluated primary and secondary endpoints.
Primary endpoints:
 • Cardiovascular death
 • Readmission caused by CHF decompensation
 • Number of ambulance or emergency room visits 

caused by CHF decompensation.
Secondary endpoints:
 • Death from noncardiovascular causes
 • Hospital admission or emergency care visit for other 

cardiovascular causes (acute coronary syndrome, 
cerebrovascular accident, COVID-19, hypertension, etc.)

Table 1. Study visit procedures.

Visit Procedures
Screening and 
randomization

 (day 0)

Visit 1 
(day 90 ± 30)

Visit 2
(day 180 ± 30)

Visit 3
(day 365 ± 30)

Informed consent + – – –

Evaluation of inclusion/exclusion criteria + – – –

Evaluation of exclusion criteria + + + +

Collection of medical history and previous drug therapy + – – –

Collection of demographic and anthropometric data + + + +

Physical examination + + + +

Handout of a self-monitoring diary with control of its fill-out + + + +

Treatment recommendations + + + +

Laboratory tests and instrumental examinations + + + +

Adherence questionnaire + + + +

Reporting endpoints – + + +

Assessment of satisfaction with follow-up monitoring – + + +

ORIGINAL STUDY ARTICLES
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 • Deterioration of the patient’s clinical and laboratory 
status as assessed by CHF progression: based on CHF 
FC, NT-proBNP levels, and left ventricular ejection 
fraction (LVEF).

Additional Findings
In addition, the effect of the FU option on the clinical 

status of a patient with CHF (NYHA FC), LVEF, and NT-proBNP 
levels was evaluated.

Outcome Reporting Methods
Outcomes were analyzed using medical records.

Ethical Review
The Study Protocol No. 4 dated November 25, 2020, was 

approved by the Local Ethics Committee of Yekaterinburg 
Central City Hospital No. 20. All patients provided written 
informed consent to participate in the study.

Statistical Analysis
Sample Size Calculation
The sample size was calculated using the method by 

Otdelnova KA. At a significance level of 0.05, 100 participants 
are sufficient for moderate precision studies [9].

Statistical Analysis
All remote and standard (face-to-face) monitoring 

patients were included in the data analysis. For an additional 
analysis, a separate remote FU group was created by 
pooling patients from Groups 1 and 2. Stata 14 (StataCorp, 
USA) and jamovi (The jamovi Project, Australia) were 
used in the statistical processing. Absolute values were 
expressed as numbers, and relative values were expressed 
as percentages (%). The data distribution type was 
determined using the Shapiro–Wilk test. Quantitative data 
were expressed as mean and standard deviation (M ± SD) 
for normal distribution and as median and interquartile 
range for nonnormal distribution: Me (25; 75).

Unpaired Student’s t-test and univariate analysis 
of variance (Mann–Whitney U and Wilcoxon tests for 
nonnormal distributions) were used to compare quantitative 
parameters in independent groups. Tukey’s post hoc analysis 
was performed. In the dependent groups, quantitative 
characteristics with a normal distribution were compared 
using Student’s t-test. To compare the three groups, 
repeated-measures analysis of variance was used. Pearson’s 
chi-squared test was used to compare qualitative parameters. 
Ordinal regression was used to compare ordinal parameters. 
The significance level was set at P < 0.05.

Table 2. Structure of remote follow-up monitoring for patients with chronic heart failure

Question Yes No 

Domain 1 (Patient subjective assessment)

Major criteria for decompensated chronic heart failure

Did you experience any shortness of breath during usual physical activity in the last week?

Did you experience any shortness of breath while lying down during the week? Did you need to raise your pillow 
higher and/or add more pillows while sleeping?

Did you experience any nighttime shortness of breath in the last week?

Did you find it harder to be physically active than before in the last week?

Did you feel weak, tired, or needed to rest for a long time in the last week?

Did you notice swollen shins, swollen ankles, or newly appearing sock/shoe marks in the last week?

Did you notice your waist getting bigger in the last week? 

Minor criteria for decompensated chronic heart failure

Did you have night cough in the last week?

Did your gain 2 kg in the last week?

Did your lose 2 kg in the last week?

Did you feel depressed or apathetic in the last week?

Did you have heart palpitations in the last week?

Domain 2 (Treatment assessment)

Have you ever missed a medication dose?

Do you find that you sometimes do not pay enough attention to your medication timing?

Do you miss doses even when you feel well?

Do you miss a dose if you feel ill after taking your medicine?
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RESULTS
Study Subjects

The study enrolled a total of 213 participants. Three 
groups were matched for key clinical and demographic 
parameters, including BP, CHF duration, LVEF, estimated 
glomerular filtration rate (eGFR by CKD-EPI formula), 
hemoglobin, and NT-proBNP (Table 3). The compared groups 
also did not differ in the distribution of cardiovascular and 
noncardiac morbidity (Table 4).

Primary Findings
When comparing face-to-face CHF monitoring 

with two remote monitoring options (pooled Groups 1 
and 2), a benefit of remote monitoring in reducing 
cardiovascular mortality was observed at 3 months with 

an odds ratio (OR) of 2.73 (95% confidence interval [CI], 
1.1–7.39, P = 0.042). No benefit was seen in terms of the 
effect on the composite secondary endpoint (all-cause 
mortality, hospital admission, or emergency visits for 
other cardiovascular causes, deterioration of the patient’s 
clinical and laboratory status) at 3 months: OR 0.5; 95% CI 
0.27–0.92; P = 0.03 (Fig. 1).

When comparing groups 1 and 2 of remote FU in terms 
of the effect on month 3 endpoints, the Medsenger platform 
demonstrated an advantage over face-to-face monitoring in 
the composite secondary endpoint: OR 0.39; 95% CI, 0.19–
0.81; P = 0.011.

After 6 months of FU, no significant differences were found 
between distance and face-to-face FU (Fig. 2). However, the 
number of readmissions due to acute CHF decompensation 
was significantly higher in the face-to-face FU group than 
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Table 3. Clinical and demographic characteristics of the study groups

Parameter Group 1 (n=58) Group 2 (n=52) Group 3 (n=103) Р

Male 36 (62.1%) 22 (42.3%) 42 (40.1%) 0.143

Female 22 (37.9%) 30 (57.7%) 61 (59.8%) 0.265

Age, years 67 (58; 72.8) 69.5 (61.8; 79) 69 (62; 74) 0.159

BMI, kg/m2 32.38±5.92 28.71±5.46 32.09±6.43 0.236

SBP, mmHg 129±22.9 132±16.3 133±17.5 0.305

DBP, mmHg 73 (70; 90) 80 (71; 90) 80 (70; 90) 0.206

Heart rate, bpm 80.1±12.3 79.1±14.8 79.1±15.0 0.79

CHF duration, years 2 (1; 5.25) 2 (0.33; 5) 2 (0.23; 5) 0.167

LVEF, % 47 (37.8; 55) 42 (39; 47) 47 (39; 55) 0.285

Glucose, mmol/L 6 (5; 6) 6.5 (6; 7) 5 (5; 7) 0.258

GFR, mL/(min × 1.73 m2) 69 (60; 87) 74.5 (54; 89) 65 (55.5; 87.5) 0.942

Hemoglobin, g/L 133 (122; 146) 133 (119; 142) 128 (118; 141) 0.529

NT-proBNP, pg/mL 817 (331; 1480) 617 (262; 2131) 1082 (445; 2124) 0.117

Note. BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; SBP, systolic blood 
pressure. Quality parameters are expressed as: absolute number (percentage).

Table 4. Distribution of cardiovascular and noncardiac comorbidities in the study groups

Parameter Group 1 (n=58) Group 2 (n=52) Group 3 (n=103) P

Atrial fibrillation/atrial 
flutter 32 (55,2%) 29 (55,8%) 62 (60,2%) 0,467

Hypertension 50 (86,2%) 51 (98,1%) 101 (98,1%) 0,067

CHD 32 (55,2%) 40 (76,9%) 83 (80,6%) 0,087

Coronary revascularization 10 (17,2%) 7 (13,5%) 27 (26,2%) 0,799

Type 2 diabetes mellitus 7 (12,1%) 22 (42,3%) 40 (38,8%) 0,301

COPD 7 (12,1%) 13 (25,0%) 24 (23,3%) 0,216

ACE/TIA 5 (8,6%) 8 (15,4%) 11 (10,7%) 0,813

Note. CHD, coronary heart disease; COPD, chronic obstructive pulmonary ACE, acute cerebrovascular event; TIA, transient ischemic attack.
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Endpoint P-value

Mortality 0.057

Overall primary 
endpoint 0.205

Secondary 
endpoint 0.138

Hospital admission 
for decompensated CHF 0.545

–7 –5 –3 –1 1 3 5 7

Endpoint P-value
Mortality 0.042

Overall primary 
endpoint 0.56

Secondary 
endpoint 0.03

Hospital admission 
for decompensated CHF 0.155

–7 –5 –3 –1 1 3 5 7 9

Fig. 1. Effect of outpatient follow-up option (remote/face-to-face) on month 3 endpoints. CHF, chronic heart failure.

Fig. 2. Effect of outpatient follow-up option (remote/face-to-face) on month 6 endpoints. CHF, chronic heart failure.

in the Medsenger group: OR 0.171; 95% CI: 0.04 to 0.83; P 
= 0.029.

After 12 months of FU, the remote monitoring options 
demonstrated superiority over face-to-face FU for patients 
with CHF in terms of reducing cardiovascular mortality (OR 
2.1; 95% CI, 1.1–3.7; P = 0.027) and the combined primary 
endpoint (OR 2.1, 95% CI 1.1–5.6; P = 0.015) (Fig. 3).

However, when comparing the remote monitoring options, 
the Medsenger platform was found superior to a structured 
telephone survey conducted by a nurse at 12 months of FU 
for cardiovascular mortality (OR 0.177, 95% CI 0.06–0.487; 
P = 0.021) and a composite secondary endpoint (OR 0.427, 
95% CI 0.189–0.964; P = 0.041).

Additional Findings
In the remote FU group (Groups 1 and 2), LVEF 

increased significantly by 6%–7%, from 43% (38–54) at 
the randomization visit to 49% (41–56) at the month 3 visit 

(P < 0.001) and up to 50% at the month 6 visit (P = 0.045). 
However, no further increase in LVEF (at month 6 and 
12 visits) was reported in the remote FU group.

No significant increase in LVEF was found in the 
face-to-face FU group (Group 3). During the period from the 
randomization visit to month 3 FU visit, LVEF increased by 
4%, from 47% (39–55) to 51% (42–60), and then decreased 
to 48% (38.8–55.3) at month 6 visit (P = 0.475).

In the remote FU group using the Medsenger platform, 
LVEF increased significantly from 47% (37.8–55) at baseline 
to 55% (41.3–60) at the end of FU (P = 0.004) (Fig. 4).

In the remote FU group (pooled groups 1 and 2), NT-proBNP 
levels decreased both in the short term (at month 3, from 717 
[296.5–1805.5] pg/mL to 464.4 [181.5–861] pg/mL, P < 0.001) 
and during the entire FU period (from 717 [296.5–1805.5] 
pg/ mL to 294.5 [133.5–817] pg/mL, P < 0.001). In the face-
to-face group, a positive trend was reported for this marker; 
however, only at months 3 and 6 (P < 0.001) (Fig. 5).
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Mortality 0.027

Overall primary 
endpoint 0.015

Secondary 
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Fig. 3. Effect of outpatient follow-up option (remote/face-to-face) on month 6 endpoints. CHF, chronic heart failure.
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Fig. 4. Changes in the left ventricular ejection fraction in the study groups. Group 1, telephone follow-up (n = 58); Group 2, Medsenger 
follow-up (n = 52); Group 3, standard follow-up (n = 103).
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Fig. 5. Changes in NT-proBNP levels by follow-up options; remote follow-up: pooled group (groups 1 and 2, n = 110); face-to-face 
follow-up: standard follow-up group (n = 103).



Fig. 6. Changes in NT-proBNP levels in the study groups; Group 1, telephone follow-up (n = 58); Group 2, Medsenger follow-up (n = 52); 
Group 3, standard follow-up (n = 103).
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When evaluating the effect of the different FU options on 
changes in NT-proBNP levels in the study groups, the greatest 
decrease in this parameter at months 3 and 6 was found in 
the structured telephone survey group: from 617 (262–2,131) 
pg/mL to 345 (321–923) pg/mL at month 6 (P = 0.007). No 
difference was reported over 12 months. The Medsenger 
medical platform was superior at months 3 and 6: at 3 months, 
the NT-proBNP levels decreased from 817 (331–1,480) pg/mL 
to 582 (208–896) pg/mL (P < 0.001), and at 1 year, it decreased 
by 3.5 times to 233 (128–638) pg/mL (P < 0.001) (Fig. 6).

From a technical perspective, assessing the effect of 
FC on outcomes and determining the effectiveness of the 
monitoring options are challenging owing to the ordinal nature 
of the variable, missing data (patient deaths), and presence of 
related groups (groups were assessed at different time points). 
Therefore, a method was chosen to assess the effect of the FC 
on the outcomes in each FU group by using ordinal regression.

In Group 1, no significant influence of FC on the outcomes 
was found by telephone interviews. Group 2 using the 
Medsenger platform showed that at 3 months, the FC level had 
a significant effect on the secondary endpoint (P = 0.016) and 
the admission rate due to CHF decompensation (P = 0.006). 
Similar results were reported at 12 months (P < 0.001), and 
no difference was seen at 6 months. In Group 3, standard FU 
showed that the FC affected the primary endpoint only after 
12 months (P = 0.021), without affecting other outcomes. No 
significant effects were found when comparing the remote 
and face-to-face FU groups.

Adverse Events
No adverse events were reported for the study technology.

DISCUSSION
Summary of Primary Findings

The study demonstrated the superiority of remote FU 
over routine monitoring in patients with CHF in reducing 

cardiovascular mortality at 3 and 12 months of FU. In the 
remote FU group, LVEF increased by a significant 6% during 
the first 3 months, and NT-proBNP levels decreased at all 
reference points. The Medsenger platform was superior to 
a telephone survey at 12 months of FU for cardiovascular 
mortality and a composite secondary endpoint. It was also 
associated with an increase in LVEF (from 47% at baseline 
to 55% at the end of FU) and a decrease in NT-proBNP levels 
(from 817 pg/mL to 233 pg/mL).

Discussion of Primary Findings
To date, many clinical studies have evaluated various 

telemedicine technologies, including telemedicine monitoring 
for chronic noncommunicable diseases [10]. However, even 
today, no clear understanding of its clinical effectiveness 
has been reached in terms of its effect on cardiovascular 
mortality and readmissions. As a result, the implementation 
of telemedicine technologies in the routine practice for the 
long-term care of patients with chronic noncommunicable 
diseases is limited.

In the multicenter European iCOR study, remote 
monitoring of the health status of patients with CHF using 
videoconferencing and telemetry of biological parameters 
was associated with a significant reduction in the rates of 
acute LV failure from 56% to 22% and a decrease in the 
treatment cost from €8,163 to €4,993 over 6 months [11].

The first Cochrane review of the effectiveness of CHF 
telephone support and telemonitoring was published in 
2007 and updated in 2010. The latest version of the review 
included 30 randomized clinical studies with 9,806 patients. 
The primary outcome of this meta-analysis was that patients 
followed up using telemonitoring systems had lower 
all-cause mortality (relative risk [RR] 0.66, 95% CI 0.54–0.81; 
P < 0.001) and heart failure (HF) admissions (RR 0.79, 95% 
CI 0.67–0.94, P = 0.008), whereas telephone patient support 
affected only on HF admissions (RR 0.77, 95% CI 0.68–0.87; 
P < 0.0001) [12].
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Some studies have shown that remote monitoring is 
effective in reducing all-cause mortality, CHF admission, and 
mortality in this patient population [13, 14].

OSICAT was a multicenter, randomized study (n = 937) 
that enrolled patients with decompensated HF within ≤1 year 
before the study started. Remote monitoring was associated 
with a 21% decrease in the relative risk of first emergency 
admission (OR 0.79, 95% CI 0.62–0.99; P = 0.044), a 29% 
decrease in the relative risk in patients with NYHA FC III or IV 
HF (OR 0.71, 95% CI 0.53–0.95; P = 0.02), and a 38% relative 
risk decrease in socially isolated patients (OR 0.62, 95% CI 
0.39–0.98; P = 0.043) [15].

In subsequent years, the publication of several large 
randomized clinical studies with negative [16–18] and 
neutral [19, 20] results led to increasing uncertainty about 
the benefits of telephone support and telemonitoring.

A systematic review and meta-analysis of studies 
enrolling patients with recently decompensated HF revealed 
that remote FU was not superior to standard FU in terms of 
all-cause admission (OR 0.95, 95% CI 0.84–1.08, P = 0.43) 
and all-cause mortality (OR 0.83, 95% CI 0.63–1.09, P = 0.17) 
rates [21].

A systematic review of 34 randomized clinical studies 
(2000–2021) found that remote monitoring had no significant 
effect on reducing hospital admissions or mortality. American 
studies in patients with CHF and a high risk of readmission 
showed positive trends in reducing mortality/admission 
rates; however, no significant differences were reported [22].

Notably, these studies had several limitations, such as 
recruitment of patients with severe HF with LVEF <35%, 
differences in treatment adherence between groups, low 
study power, short duration of patient FU, and lack of uniform 
standards for telemedicine monitoring. All these factors 
prevent a comprehensive assessment of the effectiveness 
of FU options.

This study showed a clear association between the 
effect of the remote monitoring option and the primary 
endpoint, remote monitoring resulted in 2.73-fold decrease 
in mortality rate, and these differences persisted throughout 
the study. When comparing the remote FU options in 
the short term, no differences were found; however, 
at 12 months, Medsenger monitoring was superior to 
structured telephone support with a 17% decrease in 
cardiovascular mortality (P = 0.029). Such results may 
be related to the ability of a physician to adjust therapy 
remotely through telemedicine consultation, which may 
prevent further HF decompensation and death. In addition, 
educating patients on what to do if their condition worsens 
also helps prevent adverse outcomes [23].

The decreased number of deaths and admissions in the 
remote monitoring group is explained by the improvement in 
the clinical and functional profiles of patients. Our data show 
that this monitoring option is associated with an increase in 
LVEF and a decrease in NT-proBNP levels, indicating CHF 
stabilization and improvement in the quality of life. Patients in 

the remote monitoring groups received regular support from 
HCPs, and this had a positive effect on adherence.

Literature data on the effect of the FU option on laboratory 
tests and investigations are limited, probably due to the high 
cost of these types of diagnostics. Single studies evaluated 
the effect of the FU option on FC in patients with CHF. For 
example, Pyrikova NV et al. [25] demonstrated a positive 
effect of remote FU on the functional status of patients with 
CHF. At 6 months, the number of patients with FC III decreased 
by 1.7 times (P = 0.03), and in the control group with routine 
monitoring, it increased by 1.9 times (P = 0.002). FC IV was 
6.5 times more frequent in the control group than in the 
telemedicine groups, indirectly indicating the effectiveness 
of the latter. The present study reported the superiority of 
Group 2 monitoring: when using the Medsenger platform, 
the FC level showed a significant effect on the secondary 
endpoint and admission rate due to decompensated CHF 
at 3 months (P = 0.006). This may also indicate that the 
improved clinical status of patients in this group positively 
affected the outcome. In the standard monitoring group, FC 
affected the primary endpoint only at 12 months, whereas no 
association was found in the telephone survey group.

Thus, remote FU positively affects LVEF, NT-proBNP 
levels, and FC. The normalization of these clinical and 
functional parameters is likely to decrease the cardiovascular 
mortality rate and the incidence of composite secondary 
endpoint events and explains the positive results in remote 
FU.

Study Limitations
The sample size was calculated using the moderate 

precision test and a significance level of 0.05. To increase the 
power of the study and the representativeness of the results 
with a similar design, more participants would be required.

CONCLUSION
One of the most important and challenging issues in 

modern healthcare is finding a way to best monitor patients 
with CHF to improve outcomes and reduce mortality and 
admission rates. Remote monitoring protocol based on 
our data can become a good alternative to traditional 
face-to-face monitoring. The results showed the superiority 
of remote monitoring to standard monitoring, with decreased 
cardiovascular mortality rates at 3 and 12 months (OR 2.73, 
95% CI 1.1–7.39, P = 0.042, and OR 2.1, 95% CI 1.1–3.7, 
P = 0.027, respectively).

Improving the clinical and functional status of patients 
will also improve patient outcomes, their quality of life and 
level of self-care, contribute to adherence and trust in the 
healthcare system, and drive the development of related IT 
technologies. The widespread adoption of such solutions 
is currently limited by barriers such as low patient digital 
literacy, a lack of clear attitudes toward remote monitoring 
in the healthcare community, and need for additional 
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technological equipment in medical facilities. However, the 
demographic characteristics of our population, growing 
number of patients with CHF, and need for high-quality, 
personalized care will ultimately drive the universal adoption 
of remote monitoring technologies.
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