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Abstract

Background: Heart failure (HF) isacomplex, life-threatening condition marked by high morbidity, mortality, reduced functional
capacity, poor quality of life, and substantial health care costs. HF with reduced € ection fraction (HFrEF) represents the subgroup
of HF with the highest risks of mortality and hospitalization, necessitating the prioritization of care and management modelsto
optimize treatment outcomes in these patients. Currently, data on the effectiveness of telemedicine models in resource-limited
settings, such as low- and middle-income countries, are scarce.

Objective: Thisstudy aimed to evaluate the impact of telemedicine on improving prognosisin patients with HFrEF in Vietnam.

Methods: In this prospective cohort study, we recruited patients who received either remote monitoring and management
(telemedicine) or standard monitoring and management (usual care) in the outpatient department of the Vietnam National Heart
Ingtitute, Bach Mai Hospital, Hanoi, Vietnam. Eligible patients were =18 years old, had a diagnosis of HFrEF defined as left
ventricular gjection fraction (LVEF) <40%, had a history of HF hospitalization within the past 12 months, and presented with
clinical symptoms classified as New York Heart Association (NYHA) 11 or I11. The primary composite outcome was defined as
the time to the first unplanned HF hospitalization or all-cause mortality. The follow-up period for all outcomes extended to 12
months.

Results: Intotal, 426 patients (298/426, 70% male; 128/426, 30% female) with amean age of 61.3 (SD 14.6) years and amean

LVEF of 32.1% (SD 6.0%) were included in our study. Of these patients, 121 received telemedicine care, while 305 received
usual care. The primary outcome occurred in 23 (23/121, 19%) patientsin the telemedicine group and 82 (82/305, 26.9%) patients
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in the usual care group during the follow-up period, indicating a significant reduction in risk (adjusted hazard ratio [aHR] 0.57,
95% CI 0.35-0.94; P=.03). However, this effect was primarily driven by a significant reduction in unplanned HF hospital admissions
(aHR 0.57, 95% CI 0.33-0.98; P=.04) rather than in all-cause mortality (aHR 0.77, 95% Cl 0.36-1.63; P=.49).

Conclusions: This study demonstrates that a simplified telemedicine model, even in resource-limited settings such as Vietnam,
can effectively facilitate the remote monitoring and management of patients with HFrEF, resulting in significant reductions in
HF-related hospitalizations and all-cause mortality.

Trial Registration: Nationa Agency for Science and Technology Information (NASATI), Vietham CT07/01-2022-3;
https://ngti .vista.gov.vn/projects/dth/xay-dung-mo-hinh-theo-doi-va-tu-van-suc-khoe-tim-mach-tu-xa-tai-thanh-pho-ha-noi-109276.html

(J Med Internet Res 2025;27:€67228) doi: 10.2196/67228
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Introduction

The universal definition of heart failure (HF) describesit as a
clinical syndrome characterized by symptoms or signs caused
by structural or functional cardiac abnormalities, corroborated
by elevated natriuretic peptide levels or objective evidence of
pulmonary or systemic congestion [1,2]. HF has long been
regarded as a global pandemic, with an estimated 64 million
individuals worldwide with this condition, and this number
continues to rise [3]. The economic burden of HF on global
health care systems is substantial and continuously increasing
due to the growing incidence of HF [3]. In the United States
alone, the total cost of HF is projected to reach approximately
US $70 hillion by 2030 [4].

Despite significant advances in HF treatment over the past
decades, mortality ratesremain high, with 1-year mortality rates
ranging from 14% to 30% and 5-year rates ranging from 50%
to 75% [3,5]. Additionally, patients with HF frequently require
hospitalization due to acute exacerbations of the disease, making
HF the leading cause of hospitalization for individuals older
than 65 years in Europe [2,5-7]. The frequency of
hospitalizationsis strongly associated with disease progression
and increases the mortality risk in this patient population
[2,5,7,8]. HF is classified based on left ventricular gection
fraction (LVEF) into 3 categories: HF with reduced LVEF
(HFrEF), HF with mildly reduced LV EF, and HF with preserved
LVEF, with LVEF values of <40%, 41% to 49%, and >=50%,
respectively [2,8]. HFrEF accounts for approximately one-half
of all patients with HF and has the highest mortality and
hospitalization rates among the 3 groups [2,5]. Furthermore,
guided by abundant evidence synthesized from landmark trials,
the management of HFrEF based on guideline-directed medical
therapy recommended by leading cardiovascular societies
promises significant benefits for this patient group [2,6]. In
contrast, most clinical trials havefailed to identify truly effective
therapies for patients with HF with mildly reduced LVEF and
HF with preserved LVEF, resulting in relatively limited and
low-grade evidencein the treatment recommendations for these
HF subtypes. Given this context, in resource-limited settings
such as Vietnam, it is essential to prioritize the development of
strategies, such as telemedicine models, to optimize the care
and management of high-risk patients, particularly those with
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HFrEF, who are more likely to derive substantial benefits from
proper monitoring and care. This approach represents a more
resource-efficient strategy than focusing on the other 2 HF
subtypes.

Over the past decade, remote monitoring and telemedicine
solutions have emerged as promising strategies to enhance HF
care and management by enabling closer patient monitoring
and facilitating timely, personalized clinical decision-making
by health care providers[7,9,10]. Numerousclinical trials have
demonstrated the benefits of telemedicinefor patients with HF,
particularly for reducing therisk of HF-related hospitalizations
[9-12]. However, most of these studies have been conducted in
high-income countries using advanced patient monitoring
technologies in telemedicine models. Conversely, data on the
benefits of telemedicine in low- and middle-income countries
(LMIC) like Vietnam, where HF is rapidly becoming a
significant health care burden, remain limited [13].

Againgt this backdrop, we conducted this study to evaluate the
effectiveness of a simplified telemedicine model designed to
accommodate the limited resources available in LMIC at
improving the prognosis of patients with HFrEF in Vietnam.

Methods

Study Design, Setting, and Participants

This prospective cohort study was conducted at the Vietnam
National Heart Institute (VNHI), Bach Ma Hospital, Hanoi,
Vietnam. Between January 2023 and October 2023, the study
recruited 2 cohorts of patients managed and monitored in the
outpatient department at VNHI. One cohort consisted of patients
who received remote monitoring and management (telemedicine
model), while the second cohort received standard monitoring
and management (usual care model). This study was registered
with the National Agency for Science and Technology
Information, Vietnam (registration number: CT07/01-2022-3).
Asthefirst study to evaluate the effectiveness of atelemedicine
model for patients with HF in Vietnam, the findings and
experiences obtained during the implementation of this
telemedicine program will provide afoundation for refining the
model and expanding itsapplication to other health carefacilities
across the country. Bach Mai Hospital was selected as the sole
study site because it is the only center classified as the highest
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level in northern Vietnam's hierarchical health care system.
Geographically, itslocation in Hanoi, the capital city and central
hub of northern Vietnam, facilitates access to patients from
diverse regions across the north. Furthermore, with a team of
highly experienced physicians and nurses specializing in HF
management and medical education, the implementation of the
telemedicine model at Bach Mai Hospital was expected to not
only ensure the highest quality of care for patients enrolled in
this study but aso enhance the potential for successful
knowledge and technique transfer to lower-level health care
facilitiesin the future.

Participantswere digibleif they (1) were aged 18 years or olde,
(2) were diagnosed with HF according to European Society of
Cardiology criteria with an LVEF <40% [2], (3) had been
admitted to the hospital for acute HF within 12 months prior to
starting the study, and (4) had aclinical presentation of NYHA
classification of 11 or I11. Patients were excluded from the study
if they had severe mental or physical disorders (eg, major
depression), were undergoing hemodialysis, or had been
admitted to the hospital for any reason within the previous week.
Additionally, the exclusion criteriaincluded patients with aleft
ventricular assist device or those who had experienced a
pulmonary embolism, acute stroke, cardiogenic shock, cardiac
surgery, coronary revascularization, or cardiac resynchronization
therapy implantation within 1 month prior to the study. Patients
scheduled for coronary revascularization, transcatheter aortic
valve implantation, transcatheter mitral valve repair, or cardiac
resynchronization therapy implantation within the next 3 months
were aso excluded. Furthermore, patients with severe
pulmonary diseases, including chronic obstructive pulmonary
disease (stage C/D), uncontrolled asthma, or pulmonary
hypertension (World Health Organization [WHQ] classllI-1V),
as well as pregnhant women, were not eligible for inclusion. In
our study, the necessary costs (for patient management and
provision of measurement devices) for patients in the
telemedicine group were significantly higher than the costs for
patients in the usual care group (where care and management
continue as usual, with coverage by insurance or out-of-pocket
payment by patients). To optimize the research resources, we
chose aratio of 1:2.5 rather than abalanced patient ratio of 1:1
between the 2 groups. This approach hel ped reduce the number
of patients required in the telemedicine group, thus lowering
the total costs while still ensuring sufficient statistical power.
Using a sample size calculation for a time-to-event end point
with a maximum follow-up period of 12 months and assuming
median survival times of 17 months for the usual care group
and 29 monthsfor the treatment group, with asignificance level
of .05 and patient ratio of 1:2.5 between the telemedicine and
usua care groups, the minimum required sample size was
calculated to be 120 patients for the telemedicine group and
298 patients for the usual care group to achieve 80% power
[9,14]. To account for potential withdrawals, an additional 3.5%
was added, resulting in a final estimated sample size of 433
patients.

Study Procedures

The remote monitoring and management program for
outpatients, referred to asthe telemedicine model, was approved
and implemented in the outpatient department at VNHI, Bach
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Mai Hospital, beginning in January 2023. Due to the
unavailability of advanced specialized monitoring devices in
Vietnam, our center developed a telemedicine model using
simplemonitoring devicesthat patients and caregivers can easily
operate at home, such as automatic electronic blood pressure
monitors and weighing scales. Throughout the study period, all
potential patients seen and managed in the outpatient department
were assessed by their primary treating physicians and invited
to participate in the telemedicine program.

Our recruitment process consisted of 2 phases. In Phase 1, all
patients meeting the inclusion criteria and consenting to
participate in the study were assigned to the telemedicine group.
Patients who declined participation in the telemedicine group
were assigned to the usual care group. This process continued
until the target number of patients for the telemedicine group
(n=123) was reached. In Phase 2, al patients meeting the
inclusion criteriaand consenting to participate in the study were
allocated to the usua care group. This phase continued until
the target number of patients for the usual care group (n=310)
was achieved.

Upon enroliment in the telemedicine program, patients were
required to report their health status to the telemedicine center
daily. The information provided included blood pressure, heart
rate, and body weight measurements taken at home using
validated devices (either by the patients themselves or their
caregivers), as well as any new or unusual symptoms such as
dyspnea, fatigue, chest pain, palpitations, swelling, cough, or
fever. This reporting followed the Self-Check Plan for HF
management recommended by the American Heart Association
[6]. Reporting of information was encouraged to be conducted
viaa specialized app developed for our telemedicine program,
accessible on smartphones, either by the patients themselves or
their caregivers. Symptoms were entered as a checklist, while
measurement results were input into designated fields, and any
specific signs were reported as free-text entries. The app was
designed to validate the compl eteness of the entered information
and display warnings if essential data were missing.
Additionally, the app issued daily reminders at 8 PM or atime
selected by the patient, alerting them to submit their health
information to the telemedicine center if they had not already
done so. Information collected through this method was
automatically stored in the patient’'s profile within the
telemedicine system database. For patients without access to
smartphones or those experiencing difficulties using the app,
aternative reporting methods were available. Patients or
caregivers could report information via SMS text messaging
(including photos of measurement results displayed on devices)
or through direct video or phone calls to telemedicine center
nurses. In such cases, the nurses manually entered the reported
information into the system database. At 8 PM daily, or at the
patient’s chosen time, if no health updates had been received,
the system sent alertsto the telemedi cine center staff, prompting
them to proactively contact the patient to collect the necessary
information. Patient data were securely stored in the
telemedicine center’s online database, accessible at any time
by cardiologists on our clinical team.

Based on the daily information provided by patients and the
health history recorded in the database, nurses at the
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telemedicine center assessed whether amore detailed eval uation
by a specialist was necessary. Thefollowing signsor symptoms
(either newly developed or pre-existing but worsening during
this episode) were considered indicative of an unstable condition
with a high risk of acute decompensated HF, thereby
necessitating a review of the patient's health status by a
cardiologist: frequent cough, shortness of breath at rest, inability
tolieflat dueto dyspnea, confusion, dizziness, loss of appetite,
greater difficulty sleeping, sadness or depression, increased
swelling in the lower extremities, sudden weight gain of more
than 1 kg within 24 hours or 2 kg in a week, systolic blood
pressure (SBP) <90 mm Hg, diastolic blood pressure (DBP)
<60 mm Hg, heart rate >100 bpm, blood pressure >180/110
mm Hg, or SBP or DBP increase or decrease >20 mm Hg
compared with the average SBP or DBP of the previous day.
In certain cases, an additional real-time interview with patients
was arranged to collect further information. After gathering all
necessary information from the patient’s online medical records
and direct interviews, physicians were granted autonomy to
make decisions based on their clinical judgment and the
European Society of Cardiology guidelines for the diagnosis
and management of acute HF [2]. We did not propose a rigid
protocol for physicians within this telemedicine model, as
flexibility was deemed essential given thevariability in patients
clinical conditions, geographic differences, and the availability
of health care services in their respective areas. Physicians
decisions may include advising the patient to visit the emergency
department, seek hospitalization at a cardiology center, or
consult a loca clinic for further evauation (eg,
electrocardiography, chest X-ray, echocardiography, laboratory
tests). Other options may involve adjusting medication (limited
to oral drugs), recommending lifestyle changes or home
exercises, or determining that no further action is required. In
more complex cases, amultidisciplinary team at thetelemedicine
center would discuss the situation to reach a final decision. In
addition to nurse-initiated evaluations, each patient’s health
records were reviewed biweekly by telemedicine center
physicians based on the online database.

The usual care group comprised patients who were monitored
and managed through the standard process in the outpatient
department at the VNHI. Throughout the study, these patients
remained under the supervision of cardiologists and other
physiciansin the outpatient department. Treatment adjustments
or prescriptionswere based solely on theindependent decisions
of their primary treating doctors and were not influenced by the
patient’s participation in the study. Follow-up visits were
typically scheduled every 3 months but could vary depending
on the patient’s condition, as assessed by the primary treating
doctors.

Baselinedata (including demographics; anthropometrics; clinical
history; signs and symptoms; medication lists;, and data from
electrocardiograms, echocardiograms, and lab tests) were
collected at the time of patient enrollment. BMI was classified
according to the WHO diagnostic criteria for Asian adults: A
BMI of 18.5-22.9 kg/m? was considered as normal weight, <18.5
kg/m? as underweight, 23-24.9 kg/m? as overweight, and =25
kg/m? as obese [15]. We did not use medication adherence of
patients as an outcome of interest due to concerns that missing
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data from patients who died or were lost to follow-up could
introduce significant bias.

Study Outcomes

The primary outcome of the study was defined as a composite
end point consisting of the first unplanned hospitalization due
to HF or al-cause mortality, evaluated over afollow-up period
of up to 12 months after patient enrollment. Secondary outcomes
included (1) all-cause mortality and (2) the first unplanned
hospitalization specifically dueto HF.

Statistical Analysis

Baseline characteristics were summarized as mean (SD) or
median (IQR), as appropriate, for continuous variables and as
numbers (percentages) for categorical variables. The
between-group differences in continuous variables were tested
using either the independent Student t test or the Wilcoxon
rank-sum test, depending on their distribution. Categorical
variableswere compared using Pearson chi-squaretestsor Fisher
exact tests, as appropriate.

All survival analyses of outcomes were conducted on a
time-to-first-event basis. Cumulative incidence curves for
all-cause mortality were generated using the Kaplan-Meier
method to visually represent survival probabilities over time.
Differences between the survival curves of the 2 groups were
evaluated using the log-rank test to determine statistical
significance. To assess the impact of telemedicine on the
primary and  secondary  outcomes,  multivariable
Cox-proportional hazards regression models were applied,
estimating hazard ratios (HRs) and the corresponding 95% Cls
while adjusting for potential confounders. The confounding
variables incorporated into the multivariable analysis were
determined by a panel of HF experts from the Vietnam Heart
Association. These variables were selected based on
well-documented predictors of mortality and HF hospitalization
in patients with HFrEF, as outlined in clinical guidelines and
supported by previous studies[1,2,6,8,13,16]. Specificaly, the
variables included baseline demographic characteristics (age,
sex), BMI classification, comorbidities, LVEF, the use of
guideline-directed medical therapy for HFrEF, and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) levels. In addition,
thesevariables, aswell asthe analyses of the primary composite
end point and secondary end points (mortality and HF
hospitalization), were prespecified before the commencement
of the study. Furthermore, we conducted a sensitivity analysis,
incorporating additional variables (cardiac comorbidities,
relevant medications, socioeconomic status, and health
literacy—related factors) into the multivariable Cox regression
modelsto validate the robustness of the resultsfrom the primary
analyses. Event rates were reported as the number of events per
100 patient-years of follow-up, accounting for any censored
data due to loss to follow-up or the end of the study period.

All statistical analyses were performed using Stata SE version
18.0. All comparisons were 2-tailed, and P values <.05 were
considered statistically significant.
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Ethical Consider ations

The study was conducted in accordance with the principles of
the Declaration of Helsinki. The study protocol was reviewed
and approved by the Ingtitutional Review Board of Bach Mai
Hospital, Hanoi, Vietnam (number: 1973/BM-HDDD). All
participants provided written informed consent prior to
enrollment, after receiving a comprehensive explanation of the
study’s purpose, procedures, and potential risks and benefits.
To protect participant privacy, all personal identifiers were
removed from the data set.

Results

Participants

A total of 426 patients with HFrEF (298/426, 70% male; mean
age 61.3, SD 14.6 years), including 121 patients in the
telemedicine group (81/121, 66.9% male; mean age 60.6, SD
15.4 years) and 305 patients in the usual care group (217/305,
71.2% male; mean age 61.6, SD 14.4 years), were involved in
thisstudy (Multimedia Appendix 1). Of the 273 eligible patients
who initially declined participation in the study, 187 declined
because they did not plan to continue HF management at Bach
Mai Hospital, 41 declined due to concerns about the safety of
their health during participation, 29 declined due to concerns
about the additional time or costs associated with participation,
and 16 declined due to concerns regarding the security of their
privacy and personal information. At the end of Phase 1 of the
recruitment process, atotal of 123 patients were recruited into
the telemedicine group, while 15 patients were assigned to the
usual care group. A survey identified 2 primary reasons for
patients agreeing to participate in the study but refusing to join
thetelemedicine group: (1) concernsabout the treatment efficacy
of the telemedicine model, as it was a new approach not
previously implemented in Vietham (13/15, 87%), and (2)
concerns about potential additional costs associated with
participation in the telemedicine model (2/15, 13%). In Phase
2, an additional 295 patients were recruited into the usual care
group to reach the target number of 310. Notably, anong the
15 participants who opted out of the telemedicine intervention,
11 (73%) resided within a5-km radius of our hospital, whereas
only 42 (34%) of the 123 participants included in the
telemedicine group lived within this proximity. This proximity,
which facilitates regular follow-up visits at the hospital, may
have contributed to the participants reluctance to choose
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telemedicine, a recently implemented health care model in
Vietnam. The majority of patients were married (401/426,
94.1%) and resided in rural areas (259/426, 60.8%). Most
reported a monthly income of US $300 to US $450 (275/426,
64.6%), slightly above the national average of US $300.
Notably, all patients had health insurance (426/426, 100%),
largely attributable to Vietnam’s universal health care coverage
policy. In Table 1, we present the detailed baseline
characteristics of the participants in the 2 groups. The mean
LVEF of the overall population was 32.1% (SD 6.0%) and
comparabl e between the telemedicine group (32.1%, SD 6.0%)
and the usual care group (32.1%, SD 6.0%; P=.56).

The most common comorbidities among the study participants
were hypertension (128/426, 30.1%), coronary artery disease
(109/426, 25.6%0), chronic kidney disease (93/426, 21.8%), and
diabetes (91/426, 21.4%). The mean BMI of the study

population was 22.1 (SD 2.9) kg/m?, with an obesity rate of
15.3% (65/426), based on the WHO classification for Asians,
and an underweight rate of 10.6% (45/426). At the start of the
study, 52.4% (223/426) of patients were being treated with an
angiotensin-neprilysin inhibitor, 22.3% (95/426) with an
angiotensin-converting enzymeinhibitor or angiotensin receptor
blocker, 80.8% (344/426) with asodium-glucose cotransporter-2
inhibitor, 70% (209/426) with beta-blockers, 68.5% (292/426)
with a mineraocorticoid receptor antagonist (only
spironolactone), 61.7% (263/426) with loop diuretics, and 7%
(30/426) with thiazide-like diuretics (no patientswere prescribed
thiazide diuretics). Analysis results indicated no statistically
significant differences in demographic characteristics, BMI,
echocardiographic ~ findings, laboratory —measurements,
comorbidities, socioeconomic status, hedth literacy, or
therapeutic regimens between the telemedicine and usual care
groups.

During the follow-up period, data from our telemedicine
database indicated that, among the 121 patients in the
telemedicine group, 75 patients (62%) reported a compl ete set
of daily measurementson at |east 90% of thetotal daysenrolled
in the telemedicine program. Additionally, 30 patients (30/121,
25.6%) provided complete measurements on 70% to 90% of
thedays, 13 patients (13/121, 9.9%) on 50% to 70% of the days,
and only 3 patients (3/121, 2.5%) on fewer than 50% of the

days.
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Table 1. Baseline characteristics of study participants.

Characteristic Total sample Usual care (n=305) Telemedicine P value
(n=426) (n=121)

Age (years), mean (SD) 61.3 (14.6) 61.6 (14.4) 60.6 (15.4) 50

Gender (male), n (%) 298 (70) 217 (71.2) 81 (66.9) 39

BMI (kg/m?), mean (SD) 22.1(2.9) 22.1(29) 222(2.8) 74

BMI classifications, n ( %) .88
Underweight 45 (10.6) 32(10.5) 13(10.7)

Normal weight 232 (54.5) 165 (54.1) 67 (55.4)
Overweight 84 (19.7) 63 (20.7) 21 (17.4)
Obesity 65 (15.3) 45 (14.8) 20 (16.5)

L ocality .73
Rural 259 (60.8) 187 (61.3) 72 (59.5)

Urban 167 (39.2) 118(38.7) 49 (40.5)

Marital status .60
Never married 10(2.4) 6(2) 4(3.3)

Married 401 (94.1) 287 (94.1) 114 (94.2)
Widowed/divorced 15(3.5) 12 (3.9) 3(25)

Education .99
School 299 (70.2) 214(70.2) 85 (70.3)
College/university 127 (29.8) 91 (29.8) 36 (29.8)

Monthly income (US $), n (%) .80
High (>450) 151 (35.5) 107 (35.1) 44 (36.4)

Medium (300-450) 275 (64.6) 198 (64.9) 77 (63.6)

Monthly treatment affor dability (US$), n (%) .80

High (>125) 172 (40.4) 122 (40) 50 (41.3)
Medium (75-125) 254 (59.6) 183 (60) 71(58.7)
Health insurance (yes), n (%) 426 (100) 305 (100) 121 (100) >.99

Comorbidities, n (%)

Hypertension 128 (30.1) 85 (27.9) 43 (35.5) A2
Diabetes 91 (21.4) 64 (21.0) 27(22.3) 76
Coronary artery disease 109 (25.6) 81 (26.6) 28(23.1) A7
Chronic kidney disease 93 (21.8) 69 (22.6) 24(19.8) 53
Previous stroke 25(5.9) 20 (6.6) 5(4.1) .34
Atrial fibrillation 54 (12.7) 37(12.1) 17 (14.1) 59
Documented VT2 42(9.9) 30(9.8) 12(9.9) .98
Diagnosed VHDP 188 (44.1) 134 (43.9) 54 (44.6) .90
Diagnosed CM® 162 (38.0) 119 (39.0) 43 (35.5) 51
Pharmacotherapy , n (%)
ARNIC 223 (52.4) 163 (53.4) 60 (50) 47
ACEISYARBS 95 (22.3) 70 (23) 25(20.7) .61
SGLT2Y inhibitors 344 (80.8) 247 (81) 97 (80.2) 85
Beta-blockers 298 (70) 217 (71.2) 81 (66.9) 39
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Characteristic Total sample Usual care (n=305) Telemedicine P value
(n=426) (n=121)

MRAL 292 (68.5) 210(68.9) 82 (67.8) 83
Loop diuretics 263 (61.7) 184 (60.3) 79 (65.3) 34
Thiazide-like diuretics 30(7) 20 (6.6) 10(8.3) 54
Ivabradine 90 (21.1) 67 (22) 23(19) 50

Echocardiography findings, mean (SD)
LVEF' (%) 32.1(6.0) 32.0(6.0) 32.4(6.2) 56
PAP (mm Hg) 38.0(11.3) 37.8(10.5) 38.4(12.9) 64
TAPSEX (mm) 19.2 (2.7) 19.2 (2.7) 19.2 (2.9) 96
FAC (%) 38.9 (4.8) 38.7 (4.8) 39.3(4.8) 30
LAVI™ (mL/m?) 54.0 (26.2) 55.2 (26.9) 50.8 (24.1) 12

L aboratory measurements, median (IQR)
NT-proBNP” (pmol/L) 1064 (807-1436) 1081 (818-1458) 1024 (749-1405) .41
Serum potassium (mmol/L) 4.2 (4.0-4.5) 4.2 (4.0-4.5) 4.1 (3.9-4.4) 10
Serum sodium (mmol/L) 138 (136-139) 138 (136-139) 138 (136-139) 61
Haemoglobin (g/L) 141 (129-153) 141 (128-154) 140 (131-151) 94
eGFRC (mL/min/1.73m?) 53.2 (37.4-68.7) 51.9 (36.8-67.2) 56.7 (40.5-72.8) 13

3/ T: ventricular tachycardia

B\/HD: valvular heart disease.

¢CM: cardiomyopathy.

9ARNI: angiotensin-neprilysin inhibitor.

€ACEls: angiotensin-converting enzyme inhibitors.
'ARBs: angiotensin receptor blockers.

9SGLT2: sodium-glucose cotransporter-2.

PMRAS: mineralocorticoid receptor antagonists.
ILVEF: Ieft ventricular gjection fraction.

ipap; pulmonary artery pressure.

kTAPSE: tricuspid annular plane systolic excursion.
IFAC: fractional area change.

ML_AVi: left atrial volume index.

"NT-proBNP: N-terminal pro-B-type natriuretic peptide.
%eGFR: estimated glomerular filtration rate.

Primary Outcome

During the 12-month follow-up period, the primary end point
occurred in 23 of 121 patients (19%) in the telemedicine group
and in 82 of 305 patients (26.9%) in the usua care group.
Specifically, there were 10 deaths (10/121, 8.3%) and 19 first
unplanned HF hospitalizations (19/121, 15.7%) in the

https://www.jmir.org/2025/1/e67228

RenderX

telemedicine group, compared with 29 deaths (29/305, 9.5%)
and 71 first unplanned HF hospitalizations (71/305, 23.3%) in
the usual care group. This indicates a significant reduction in
the risk of the composite end point (first unplanned HF
hospitalization or al-cause mortality) over the 12-month
follow-up in the telemedicine group (adjusted HR 0.57, 95%
Cl 0.35-0.94; P=.03; Figure 1 and Table 2).
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Figurel. Kaplan-Meier cumulative event curve for the primary composite outcome.
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Table 2. Multivariable Cox proportional hazards regression assessing the effect of telemedicine on outcomes.

Variables Primary outcome All-cause mortality Heart failure hospitalization
aHR? (95% Cl) P value aHR (95% CI) P value aHR (95% CI) P vaue
Care model
Telemedicine 0.57 (0.35-0.94) .03 0.77 (0.36-1.63) 49 0.57 (0.33-0.98) 04
Usual care 1.0 (reference) _b 1.0 (reference) — 1.0 (reference) —
Age (years) 1.01 (1.00-1.03) 11 1.02 (1.00-1.05) 10 1.02 (1.00-1.04) .06
Sex
Male 1.26 (0.79-2.02) 34 0.99 (0.49-2.02) 98 1.37 (0.81-2.30) 24
Female 1.0 (reference) — 1.0 (reference) — 1.0 (reference) —
LVEF® (%) 0.92 (0.89-0.96) <.001 0.98 (0.92-1.04) 45 0.91 (0.88-0.95) <.001
BMI classification
Underweight 1.10 (0.58-2.08) 77 1.19(0.47-3.03) 72 1.06 (0.52-2.14) 87
Normal weight 1.0 (reference) — 1.0 (reference) — 1.0 (reference) —
Overweight 0.82 (0.46-1.45) 49 0.77 (0.28-2.10) 61 0.93 (0.51-1.70) 81
Obese 1.36 (0.76-2.41) 30 1.19 (0.43-3.30) 73 1.44(0.76-2.72) 26
Hypertension 0.65 (0.39-1.07) .09 0.40 (0.16-1.00) 051 0.76 (0.45-1.29) 31
Diabetes 1.87(1.17-2.98) .009 1.04 (0.45-2.39) .93 1.90(1.16-3.14) .01
cADY 1.15(0.73-1.84) 54 0.93 (0.42-2.08) 87 1.44 (0.89-2.34) 14
CKD® 1.64 (0.99-2.72) .056 1.78(0.79-3.98) 16 1.90 (1.11-3.25) .02
Prior stroke 1.96 (0.97-3.93) .06 3.38(1.16-9.86) .03 1.67 (0.77-3.63) 19
Atrial fibrillation 1.08 (0.59-1.97) .80 1.87 (0.80-4.35) 15 1.10 (0.57-2.10) 78
NT-proBNP' (per 200 ng/mL) 100 (1.00-1.01) 37 1.00 (0.99-1.01) .99 1.00 (1.00-1.01) 29
Medication use
ARNI 9/ACEI" /ARB'
Not used 1.0 (reference) — 1.0 (reference) — 1.0 (reference) —
ACEIS/ARBs 1.82 (0.91-3.63) .09 1.35(0.42-4.37) .62 1.55(0.74-3.23) 24
ARNI 1.83(0.87-3.83) 22 1.84 (0.55-6.13) 32 1.73(0.79-3.77) 17
SGLT2 inhibitors 0.97 (0.56-1.69) 92 0.58 (0.24-1.41) 23 1.09 (0.59-2.03) 77
Beta-blockers 0.59 (0.38-0.92) .02 0.46 (0.23-0.93) .03 0.59 (0.36-0.95) .03
MRAS 0.78 (0.44-1.40) 41 1.27 (0.47-3.45) 63 0.82 (0.44-1.53) 54
Loop diuretics 1.03 (0.60-1.75) 92 1.25 (0.51-3.08) 63 0.92 (0.53-1.62) 78

%aHR: adjusted hazard ratio.
BNot applicable.

CLVEF: |eft ventricular ejection fraction.

dcAD: coronary artery disease.

€CKD: chronic kidney disease.

fNT-proBN P: N-terminal pro b-type natriuretic peptide.

9ARNI: angiotensin-neprilysin inhibitor.

hACEI: angiotensin-converting enzyme inhibitor.
'ARB: angiotensin receptor blocker.

ISGLT2: Sodi um-glucose cotransporter-2.
KMRAs: mineralocorticoid receptor antagonist.
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Secondary Outcomes

Regarding the secondary end points, after adjusting for
covariables, telemedicine continued to demonstrate a significant
reduction in the risk of HF hospitalization (adjusted HR 0.57,

Nguyen et al

95% CI 0.33-0.98; P=.04; Figure 2 and Table 2). Conversely,
although there was a trend suggesting a slight reduction in
mortality risk in the telemedicine group, the difference was not
statistically significant (adjusted HR 0.77, 95% CI 0.36-1.63;
P=.49; Figure 2 and Table 2).

Figure 2. Kaplan-Meier cumulative event curve for the secondary outcomes: (A) first unplanned heart failure hospitalization, (B) all-cause mortality.
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Sensitivity Analysis

The sensitivity analysis, incorporating additional variables
(documented ventricular tachycardia, diagnosed valvular heart
disease, diagnosed cardiomyopathy, thiazide-like use, ivabradine
use, locality, marital status, education, monthly income, monthly
treatment affordability) into the multivariable Cox regression
models (Multimedia Appendix 2) for the outcomes of interest,
demonstrated that the efficacy of telemedicine remained
consistent with the primary analysis (Table 2), suggesting the
robustness of the results.

Discussion

Principal Findings

To the best of our knowledge, thisis the first study to evaluate
the efficacy of telemedicine for reducing mortality and HF
hospitalization among patients with HFrEF in Vietnam. In this
prospective cohort study, we demonstrated that a
resource-limited telemedicine model, which does not require
the support of advanced specialized devices, could still provide
significant prognostic benefitsfor HFrEF patients. Specifically,

https://www.jmir.org/2025/1/e67228
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patients monitored and managed through telemedicine had a
43% lower risk of experiencing the primary outcome compared
with those receiving usual care (adjusted HR 0.57, 95% ClI
0.35-0.94; P=.03). However, this composite primary outcome
was primarily driven by a significant reduction in unplanned
HF hospital admissions (adjusted HR 0.57, 95% Cl 0.33-0.98;
P=.04) rather than in al-cause mortality (adjusted HR 0.77,
95% Cl 0.36-1.63; P=.49).

Comparison With Prior Work

Patients with HFrEF exhibit the highest rates of hospitalization
and mortality among patients with HF [5,17,18]. Furthermore,
there is a well-documented pattern of gradually increasing
cardiac filling pressures, even during the “stable’ phase
following hospital discharge [19,20]. This progressive rise in
congestion ultimately leads to the recurrence of symptoms and,
consequently, the need for rehospitalization [16,21]. Asaresullt,
this population requires close monitoring and management to
prevent and address exacerbations while simultaneously
promoting patient self-management and empowerment. Remote
monitoring and telemedicine have emerged as critica
components in the management of HF, offering significant
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improvementsin patient outcomes while optimizing health care
resource allocation [7,22]. A primary benefit is the increased
accessibility to care, facilitating real-time monitoring of
physiological parameters and symptoms from patients homes
[7,22]. This approach minimizes the necessity for frequent
in-person clinic visits and promotes patient engagement in
self-management, thereby reducing the logistical burden of
travel [7]. Furthermore, evidence suggests that remote
monitoring allows for the early detection of HF deterioration,
enabling timely therapeutic adjustments and decreasing the risk
of hospitalizations [23,24]. A meta-analysis of 29 randomized
controlled trials (RCTs) published in 2019 demonstrated that
telemedicine significantly improves quality of life and reduces
the risk of HF-related hospitalization in patients with HF [25].
One notable RCT isthe TIM-HF2 study conducted in Germany,
which included 1571 patients with NYHA class Il or Il HF
with an LVEF <45%, with a maximum follow-up duration of
393 days [9]. The telemedicine model used in this trial was a
structured remote patient management intervention in which
patients were monitored daily via atelemonitoring system that
included a 3-channel electrocardiogram device, a device to
measure blood pressure, adevice to measure SpO,, and weighing
scales. This telemonitoring system aso facilitated the
transmission of data from the patient’s home to the telemedical
center, where specialized software classified patient risk based
on preprogrammed algorithms. The subsequent actions taken
by the telemedical center’s physicians were informed by the
patient’srisk level and health datawithin the system. Theresults
of the TIM-HF2 tria revedled that the remote patient
management group had asignificantly lower all-cause mortality
rate compared with the usua care group (HR 0.70, 95% ClI
0.50-0.96; P=.03), although there was no significant difference
observed in cardiovascular mortality (HR 0.67, 95% CI
0.45-1.01; P=.056) [9]. More recently, the multicenter AMULET
trial conducted in Poland with 605 patients with HF and an
LVEF <49% was published in 2021 [10]. Patients in the
intervention group (telecare) were monitored and managed
under the AMULET moded, which included regular
consultationswith nurses at ambulatory care points. Information
collected after each visit, including HF signs and symptomsand
measurements of vital parameters, showed that, after 12 months
of follow-up, patientsin the telecare group experienced a 31%
lower rate of composite events (unplanned HF hospitalizations
or cardiovascular deaths) compared with those receiving
standard care (HR 0.69, 95% Cl 0.48-0.99; P=.04) [10]. Notably,
theimplementation of AMULET telecare primarily reduced the
risk of first hospitalizations due to HF (HR 0.64, 95% ClI
0.41-0.99; P=.04) but did not significantly impact the risks of
cardiovascular mortality (HR 1.03, 95% CI 0.54-1.98; P=.93)
or dl-cause mortality (HR 0.99, 95% CI 0.59-1.67; P=.98) [10].

Although direct comparisons between our study and others
using different telemedicine models may be limited due to
variations in research methodologies, study populations, and
telemedicine processes (eg, monitoring technologies,
interventions, and communication methods), the comparable
benefits observed in our research underscore the viability of
remote health care model s adapted to resource-limited settings,
such as Vietnam and other LMIC [10,22]. Despite the absence

https://www.jmir.org/2025/1/e67228
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of advanced monitoring devices, our telemedicine model
demonstrated good efficacy, likely dueto 3 main factors. First,
themodel ensuresthat physicians can regularly monitor patients
weight, cardiovascular symptoms, and vital signs, which are
the most critical information needed for early assessment and
timely advice [7]. This helps to improve the prevention of
congestion and reduce the risk of HF-related hospitalizations.
Second, our protocol allowsfor direct communication between
physicians and patients when necessary. This ensures the
accuracy and clarity of information exchanged and enhances
patient trust and adherence to treatment [7]. Finally, our study
population consisted of high-risk HF patients (mean age >60
years, mean LVEF approximately 30%, with a history of HF
hospitalization in the past 12 months), which may explain the
significant benefit observed from the telemedicine model
[7,9,23].

In high-income countries, health care systems are typicaly
well-developed and uniformly distributed, with both urban and
rural areas having well-resourced health care centers capable
of providing high-quality care for awide range of diseases. In
contrast, Vietham and most LMIC operate under a hierarchical
health care model due to limited resources. In this model, only
a few medical centers and hospitals in major cities receive
prioritized investments, allowing them to employ highly skilled
medical staff and use advanced technologies to provide
high-quality care and optimize outcomes for complex medical
conditions. Health care centersin rural and remote areas often
receive minimal resources and lack specialists due to lower
income and limited career development opportunities in these
regions [26]. Consequently, these facilities can only provide
basic health care services and lack the capacity to manage
complex conditions like HF effectively. The implementation
of telemedicinein Vietham and other devel oping countries holds
significant potential to overcome these limitations[26,27]. For
patients in remote or underserved areas or those who face
challenges in accessing specialized centers, telemedicine
provides an opportunity for regular management, monitoring,
and consultation with experienced physicians. This approach
could improve health care quality, reduce costs and travel time,
and enhance conveniencefor patients[22]. However, widespread
adoption of telemedicinefor HF management in resource-limited
settings faces challenges due to the high costs of advanced
monitoring devices commonly used in developed countries.
Given theresource constraintsin Vietnam and other developing
countries, we propose a cost-effective, scalable telemedicine
model that uses phone-based monitoring and affordable devices
to measure essential parameters for HF management, such as
blood pressure, heart rate, and body weight. The findings of
this study demonstrate that this low-cost telemedicine model
can provide significant benefits for patients with HFrEF in
Vietham compared with usual care. Thisapproach may represent
a viable strategy for enhancing HF care in resource-limited
Settings.

Strengthsand Limitations

Although this study represents the first evaluation of
telemedicine’s efficacy in managing patients with HF in
Vietnam using asimplified model designed for resource-limited
settings, several limitationswarrant consideration. First, asthis
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was not an RCT, residual confounding variables may persist
despite multivariable adjustments. This limitation could
introduce bias, emphasizing the need for a well-designed trial
to validate our findings in the future. Second, the single-center
design limits the generalizability of the findings. The results

Nguyen et al
This may reduce the externa validity of the findings when
applied to different settings.

Conclusions
Our study demonstrates that a simplified telemedicine model,

without the inclusion of advanced monitoring devices in
resource-limited settings such as Vietnam, can still effectively
monitor and manage patients with HFrEF remotely, yielding
significant benefitsfor reducing therisk of composite outcomes.
However, this effect is primarily attributed to the reduction in
unplanned HF hospitalizations rather than mortality. Future
studies with more robust designs conducted across diverse
regions and popul ations are necessary to validate thesefindings.

may not be applicable to other health care settings or
populations, particularly in regions or countries with differing
health care infrastructures. Additionally, the cohort's
sociodemographic and clinical characteristics likely reflect the
specific health care context in Vietnam, including unique
patterns of comorbidities, health care access, and cultural factors.
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