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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. Statal4 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=10.011) 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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AHHOTALIUA

060cHoBaHuWe. XpoHWUYECKas cepAeyHas HeloCTaTOMHOCTb — OfiHa U3 KITOYeBbIX Npob/IEM 0TEYECTBEHHOW CMCTEMbI 3[4 paBoOXpa-
HeHus. [N NOBbILLEHNS KAYeCTBa OKa3aHWsA MEAMLMHCKONA NMOMOLLUM W CHUMEHMS YacTOTbl FOCIMTANM3aLmMin U CMEPTHOCTU MoryT
MCMONb30BaTbCA BO3MOXHOCTM 3M1EKTPOHHOO 3/ipaBOOXPaHEHNS.

Lenb — u3yunTb BAMSIHWE TeNeMeULMHCKOr0 MOHUTOPUHIA Ha CMEPTHOCTb, KOIMYECTBO MOBTOPHBIX FOCTIUTANM3aLMA U KIMHUKO-
(bYHKUMOHaNbHBIN CTaTyC NaLMEHTOB C XPOHMYECKO CepLe4YHON HeA0CTaTOYHOCTHO.

Matepuanbl u MeTogbl. [poCMeKTUBHOE, KOHTPOMPYEMOe, paHAOMU3NPOBaHHOE UCCNef0BaHWe NPOXOAMNo Ha base LieHTpanb-
Hol ropoackoi 6onbhuubl N2 20 (r. Exatepunbypr) ¢ aekabps 2020 roga no pekabpb 2022 roga. lMaumeHTbl ¢ NOATBEPKAEHHBIM
[MarHo30M XpOHUYECKOW CepAieyHOI Hel0CTaTOMHOCTY BbiNk paHLOMM3MPOBaHbI METOLOM KOHBEPTOB Ha 3 rpynnbl: 1-a rpynna —
rpynna TenedoHHoro aucnaHcepHoro Habmogerus (n=58), 2-a rpynna — rpynna aucnaHcepHoro HabmoaeHNs Ha POCCUNACKOI Me-
InumHckoi nnatdopMe Medsenger (n=52), 3-a rpynna — rpynna cTaHAapTHOrO 04HOr0 Hab/loAeHNS Y KapAaMonora NOSIMKIMHUKK
(n=103). BceM naumeHTaM npoBOAMNICS OCMOTP, UccnefoBaHue KoHueHTpauuu NT-proBNP u axokapavorpadms npu BKIOYEHUM
B UCCNE0BaHWE M BO BPEMEHHBIX NpoMexyTKax 3, 6 u 12 MecsileB. B pedepeHCHbIX TOUKaX OLEHUBAN0Ch HaCTyNyIeHUe NepBUYHON
1 BTOPMYHOM KOHEYHbIX Touek. CTatucTuyeckas obpaboTka bbina BbiNosHEHa C UCMO/b30BaHWeM mporpamm Stata 14 v jamovi.
Pesynbtatbl. B uccnegoBanum npuHsnm ydactve 213 yenoBek, Bce 3 rpynnbl 6biav conoctaBuMel Mexay coboii No 0CHOBHBIM fe-
MOrpaMyecKMM 1 KIIMHUYECKUM XapaKTepPUCTUKaM. bbino BbISBNEHO NPEUMYLLECTBO AMCTaHLMOHHOTO (rpynnbl 11 2) nepes 0YHbIM
(rpynna 3) HabmnioeHMEM N0 CHUKEHUIO CEPLLEYHO-COCYAMCTON CMePTHOCTU Yepe3 3 Mecsla (oTHoleHMe waHcoB 2,73, 95% po-
BepuTenbHbIM uHTepBan 1,1-7,39: p=0,042) n yepe3 12 mMecsues (oTHowweHue waHcos 2,1, 95% aoseputensHbid uitepsan 1,1-3,7;
p=0,027), a TakKe noKasaTesno KOMOMHUPOBAHHOI NEPBMYHON KOHEYHOW TOUKK Yepe3 12 MecsueB (oTHoLeHWe LwaHcoB 2,1, 95%
nosepuTenbHbii uHTepean 1,1-5,6; p=0,015).

Wcnonb3oBaHue nnatpopmsl Medsenger obnafaet npenMyLLECTBOM Mepef O4HbIM HabMoeHMEM B pasBUTUM COBLITUIA KOMOU-
HWUPOBaHHOW BTOPUYHOI TOYKW Yepe3 3 Mecsua (oTHoweHue wakcoB 1,39, 95% pnoeeputenbHblii uHTepsan 0,19-0,81; p=0,011);
nepes NpoBEAEHUEM CTPYKTYpPUPOBAHHOTO Tened)OHHOro onpoca MeaMLMHCKOI cecTpoi Yepes 12 MecsueB HabnwaeHus no no-
KasaTesllo CepAeYHO-COCYAMCTON cMepTHOCTU (0THoweHue waHcoB 0,177, 95% poseputenshbiit uutepean 0,06-0,487; p=0,021)
1 N0 pasBUTUIO CODLITUIA KOMOMHMPOBAHHON BTOPUYHOM KOHEYHOM TOYKM (0THOLWeHMe waHcoB 0,427, 95% [oBepuUTENbHLIN UHTEp-
Ban 0,189-0,964; p=0,041).

Mpyu ucnonb3oBaHuM nnatdopmel Medsenger gpaKums BbIBpoca NEBOro enyAo4Ka Bbipocna ¢ 47% ucxoaHo ao 55% vepes 12 Me-
csiueB (p=0,004). KoHueHTpaums NT-proBNP cHusunack ¢ 817 nr/mn go 582 nr/mn (p <0,001) uepes 3 mecsua, 1 go 233 nr/mn —
yepes 12 mecsues (p <0,001).

3akuitoyeHue. Pa3paboTka NPOTOKONOB AMCTAHUMOHHOMO HAbMOAEHNS MOKET CTaTb XOPOLLE anbTepHaTUBON TPAAULIMOHHOMY 0Y4-
HOMY Hab/lloAeHMI0 NALMEHTOB C XPOHUYECKOW CepAeyHOi HeA0CTaTOYHOCTLIO, MPUBOLS K YAYULIEHUIO KITMHUYECKUX N (yHKLMO-
HanbHbIX NOKa3aTesen 340P0BbS.

Kniouesble cnoBa: XPOHMYeCKada cepaevyHaa HefoCTaTO4YHOCTb; AUCTAHLUMOHHOE AMCNaHCepHoe HabnoieHue; TeneMe AULMHCKUI
MOHUTOPWHT.
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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-lll (Strazhesko-Vasilenko
classification) CHF and New York Heart Association
(NYHA) functional classes (FC) I-IV.

Exclusion criteria:

« Age <18 years

+ Pregnancy and lactation

Vol.5 (2) 2024
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+ Unexplained shortness of breath

+ Noncardiac edema syndrome

« Patient refusal of FU

+ End-stage CHF: stage Ill (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 (000 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.




ORIGINAL STUDY ARTICLES

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

Table 1. Study visit procedures.

Vol.5 (2) 2024
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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.)

Visit Procedures ?::gglr:?zga;:: Visit 1 Visit 2 Visit 3
(day 0) (day 90 + 30) | (day 180 + 30) | (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 - + + +

DAl https://doiorg/1017816/DD568897
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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?

+ 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].

DAl https://doiorg/1017816/DD568897

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.
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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

Vol.5 (2) 2024
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an odds ratio (OR) of 2.73 (95% confidence interval [Cl],
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% Cl, 0.19-
0.81; P=10.011.

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

Table 3. Clinical and demographic characteristics of the study groups

Parameter Group 1 (n=58) Group 2 (n=52) Group 3 (n=103) P
Male 36 (62.1%) 22 (62.3%) 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/m? 32.3845.92 28.715.46 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(;7) 0.258
GFR, mL/(min x 1.73 m?) 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
flial ibrilaton/atrel 32 (55,2%) 29 (55,8%) 62 (60,2%) 0,467
utter
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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Fig. 1. Effect of outpatient follow-up option (remote/face-to-face) on month 3 endpoints. CHF, chronic heart failure.
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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% Cl, 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=10.021) and a composite secondary endpoint (OR 0.427,
95% Cl 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
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(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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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).
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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).

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 é: 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
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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 hiological 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%
Cl 0.67-0.94, P =0.008), whereas telephone patient support
affected only on HF admissions (RR 0.77, 95% Cl 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% Cl 0.62-0.99; P = 0.044), a 29%
decrease in the relative risk in patients with NYHA FC Il 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% Cl
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% Cl 0.84-1.08, P = 0.43)
and all-cause mortality (OR 0.83, 95% Cl 0.63-1.09, P=10.17)
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
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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 Il 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=10.042, 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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