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Abstract

Background: Patients hospitalized with acute coronary syndrome (ACS) or heart failure (HF) are frequently readmitted. This
isthefirst randomized controlled trial of a mobile health intervention that combines telemonitoring and education for inpatients
with ACS or HF to prevent readmission.

Objective: This study aims to investigate the feasibility, efficacy, and cost-effectiveness of a smartphone app—based model of
care (TeleClinical Care [TCC]) in patients discharged after ACS or HF admission.

Methods: In thispilot, 2-center randomized controlled trial, TCC was applied at discharge along with usual care to intervention
arm participants. Control arm participants received usual care alone. Inclusion criteria were current admission with ACS or HF,
ownership of acompatible smartphone, age >18 years, and provision of informed consent. The primary end point wastheincidence
of unplanned 30-day readmissions. Secondary end points included all-cause readmissions, cardiac readmissions, cardiac
rehabilitation completion, medication adherence, cost-effectiveness, and user satisfaction. Intervention arm participants received
the app and Bluetooth-enabled devices for measuring weight, blood pressure, and physical activity daily plus usual care. The
devices automatically transmitted recordings to the patients smartphones and a central server. Thresholds for blood pressure,
heart rate, and weight were determined by the treating cardiol ogists. Readings outsi de these threshol ds were flagged to amonitoring
team, who discussed salient abnormalities with the patients' usual care providers (cardiologists, general practitioners, or HF
outreach nurses), who were responsiblefor further management. The app also provided educational push notifications. Participants
were followed up after 6 months.
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Results: Overall, 164 inpatients were randomized (TCC: 81/164, 49.4%; control: 83/164, 50.6%; mean age 61.5, SD 12.3 years;
130/164, 79.3% men; 128/164, 78% admitted with ACS). There were 11 unplanned 30-day readmissionsin both groups (P=.97).
Over amean follow-up of 193 days, theintervention was associated with a significant reduction in unplanned hospital readmissions
(21in TCC vs 41l in the control arm; P=.02), including cardiac readmissions (11 in TCC vs 25 in the control arm; P=.03), and
higher rates of cardiac rehabilitation completion (20/51, 39% vs 9/49, 18%; P=.03) and medication adherence (57/76, 75% vs
37/74, 50%,; P=.002). The average usability rating for the app was 4.5/5. The intervention cost Aus $6028 (US $4342.26) per
cardiac readmission saved. When modeled in a mainstream clinical setting, enrollment of 237 patients was projected to have the
same expenditure compared with usual care, and enrollment of 500 patients was projected to save approximately Aus $100,000
(approximately US $70,000) annually.

Conclusions: TCC was feasible and safe for inpatients with either ACS or HF. The incidence of 30-day readmissions was
similar; however, long-term benefits were demonstrated, including fewer readmissions over 6 months, improved medication

adherence, and improved cardiac rehabilitation completion.

Trial  Registration: Australian  New

Zedand

Clinical  Tridls ACTRN12618001547235;

Registry

https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx 2d=375945

(JMIR Mhealth Uhealth 2022;10(2):€32554) doi: 10.2196/32554
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Introduction

Cardiovascular Disease

Cardiovascular disease remains the most prevalent cause of
morbidity and mortality in high-income countries despite
significant advances in treatment over the last 5 decades.
Myocardial infarction is responsible for 15% of worldwide
mortality [1], and heart failure (HF) affects >26 million people
worldwide [2]. Recent epidemiological data show that
cardiovascular mortality is no longer declining and is indeed
rising in some communities [3], and hospitalization rates are
universally increasing [4,5]. The principal drivers include an
aging population and rising prevalence of adult and childhood
obesity [6,7]. Coupled with increasing health care costs, these
trends rai se concerns regarding the sustainability of the already
overburdened traditional model of health care.

Cardiac readmissions are a potentia target for system
improvement. Readmission rates for both acute coronary
syndrome (ACS) and HF approach 20% for patientsin thefirst
month after discharge[8-10]. Readmissions are associated with
increased mortality and costs for the health care system [11].
In Australia, the estimated annual cost of readmissions for HF
exceeds Aus $600 million (US $463.7 million) [12]. A recent
audit of 3 hospitals in the state of New South Wales reported
that 27% of angina pectoris admissions and 63% of HF
admissions were preventable [13].

Up to 45% of mortality from recurrent myocardial infarctionis
preventable [14]. Secondary prevention for both conditions
(ACS and HF) is critical and involves maximizing medication
compliance, self-care, and optimization of modifiable risk
factors, including weight and blood pressure (BP). However,
secondary prevention programs have suboptimal uptake. For
ACS, the cornerstone of secondary prevention is cardiac
rehabilitation (CR), which is only attended by 20% to 30% of
eligible participants because of competing demands such as
employment and family responsibilities as well as travel time

https://mhealth.jmir.org/2022/2/e32554

and costs[15]. For HF, management using community HF teams
is resource-intensive and not uniformly available.

Telehealth

Telehedlth, the provision of health care by means of
telecommunication technology, is a valuable adjunct in the
management of chronic diseases. Within the scope of telehealth
ismobile health (mHealth), which uses ubiquitous mobile phone
technology for service delivery. Broadly, mHealth interventions
encompass SM'S text messaging strategies and telemonitoring
systemsin the form of smartphone apps. Telemonitoring is the
practice of remote transmission and receipt of physical
parameters such as pulse rate, BP, and weight. A recent
meta-analysis found that the use of mHealth interventions in
cardiovascular disease was associated with an improvement in
BP and HF hospitalization rates [16]. The most successful
interventionsincluded several key factors: amethod of flagging
abnormal results, involvement of the patients’ usual health care
providers, and automatic datatransmission as opposed to manual
data entry by the patients. Thus, from a collaboration between
ateam of hospital-based clinicians and biomedical engineers,
the TeleClinical Care (TCC) smartphone app was devel oped to
include all these factors. Crucially, the app contains an
educational component in addition to telemonitoring, making
it a rare multifunctional mHealth intervention to undergo a
randomized controlled trial (RCT). The app was designed to be
used by patients diagnosed with either ACS or HF to maximize
uptake. It isthe first mHealth telemonitoring intervention to be
trialed in Australian patients with HF.

Objectives

The primary objective is to examine the efficacy of the TCC
model compared with usual care aone on the incidence of
30-day hospital readmission ratesin patients recently discharged
with ACS or HF. Secondary objectivesinclude: (1) to describe
the compliance rate with the intervention as well as the

frequency of alerts and actions subsequently undertaken, (2) to
examine the impact of the intervention on clinical outcomes,
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(3) to examine the cost-effectiveness of the intervention, and
(4) to measure patient satisfaction with the intervention.

Methods

Participants

Patients were recruited between February 2019 and March 2020
from 2 hospitalsin Sydney, New South Wales, Australia (Prince
of Wales Hospital and The Sutherland Hospital). Patients were
eligible if they were being discharged after an admission for
either HF or ACS, were aged =18 years, and owned acompatible
smartphone (defined as operating either AppleiOS 9.0 or above,
or Android 7.0 Nougat or above). The exclusion criteria were
inability or unwillingnessto provide informed consent, inability
to operate the app because of physical or cognitive limitations,
inability to attend in-person follow-up (such as participantswho
normally resided outside of Sydney) or travel overseas for any
duration within the first 30 days after discharge or for a period
of >1 month, or expected discharge to another hospital or a
nursing home. Advanced age, comorbidities, and familiarity
with smartphone apps were not used as inclusion or exclusion
criteria. All patients who met the inclusion criteria were
approached for participation. The participants did not receive
any financial compensation during the trial.

Ethics

This study received ethical approval from the South Eastern
Sydney Local Heath Districc Human Research Ethics
Committee (approval number 2019/ETH11442). The study was
registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12618001547235).

Enrollment

Patients were enrolled during the index admission after
providing written informed consent. All baseline data were
collected before discharge and before randomization. BP and
weight were measured using an automatic digital
sphygmomanometer (A& D Medical UA-651BLE) and adigital
weighing scale (A&D Medical UC-352BLE). These same
devices were provided to the participants assigned to the
intervention arm. BP was measured in the seated position. A
total of 2 measurements were taken 1 to 5 minutes apart and
averaged. If the 2 systolic readings differed by >15 mm Hg, a
third measurement was taken, and the 2 closest readings were
averaged. Height was measured using a wall-mounted
stadiometer. Waist circumference was measured halfway
between the costal margin and iliac crest as per World Health
Organization guidelines [17]. A 6-minute walk distance test
was performed using a graduated 25-meter track with
standardized encouragement according to the protocol described
by the Lung Foundation of Australia [18]. The test was not
performed on those unsafe to complete it because of frailty,
unsteadiness, or physical limitations. Serum low-density
lipoprotein cholesterol levels were measured in blood samples
previously obtained during hospitalization. A written
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guestionnaire was provided to the participants containing the
M orisky—Green—Levine 4-item medication compliance (MGL)
score [19], the 5-level EuroQol 5-dimension quality of life
assessment [20], and the Patient Activation Measure [21]. All
baseline datawere collected by study investigators: Pl and IMc
at Prince of Wales Hospital, and AM and JM at Sutherland
Hospital.

Randomization

Before discharge, the participants were randomized 1:1 into
either TCC plus usua care or usual care aone. Block
randomization was performed using a randomization schedule
created by an independent statistician, which was subsequently
deployed within aweb-based system (Research Electronic Data
Capture) [22]. Randomization strata included hospital and
primary diagnosis (ACS or HF). Randomization was performed
by the investigator who collected the baseline data (Pl and IMc¢
at Prince of Wales Hospital, and AM and JM at Sutherland
Hospital).

I ntervention

The participants assigned to the intervention arm received the
TCC app (Figure 1) on their smartphone and connected
Bluetooth peripheral devices at the time of discharge: adigital
sphygmomanometer, adigital weighing scale, and afitnessband
(Xiaomi MiBand 2; Figure 2). The participants were instructed
to measure BP and pulse rate via the sphygmomanometer, as
well as weight, daily. Before discharge, the participants were
shown how to use the devices and performed 1 measurement
with each device under the supervision of the research team
member to ensure the correct technique. The participants were
also provided with a pamphlet that described the correct
technique for using the devices and some basic troubleshooting
advice. Activity data were obtained either via the smartphone
or the fitness band as minutes of activity per day. Readings
could be performed at any time relative to medication dosing.
Readings were automatically transmitted from the peripheral
devices to the smartphone app via Bluetooth and subsequently
to a web-based server (KIOLA; Figure 3) developed at the
Austrian Institute of Technology and adapted for the Australian
context by the technical members of our team. Readings could
be displayed within the app in graphical form for viewing by
the patient. These graphs could be presented to the patient’s
general practitioner (GP) or cardiologist at follow-up visits, but
this was not mandated. The app provided 3 weekly educational
push natifications to promote healthy behavior choices,
including dietary advice, physical exercise, and smoking
cessation. The text for these notifications was based on the
National Heart Foundation of Australia’s Managing My Heart
Health consumer resource [23].

If readings had not been received by the server for >48 hours,
the participant was contacted by a biomedical engineer to
ascertain if there had been a technical issue. If the patient
admitted noncompliance with the program on 3 separate
occasions, they were not contacted again for absent readings.
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Figure 1. Screenshots of the TeleClinical Care (TCC) app. From left to right: the TCC app home screen, the appearance of an educational notification,
weekly record of blood pressure readings, and weekly record of weight readings.
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Figure 2. Bluetooth-enabled peripheral devices. From left to right: sphygmomanometer (A& D Medical UA-651BLE), weighing scale (A& D Medical
UC-352BLE), and activity monitor (Xiaomi MiBand 2).
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Figure 3. Screenshot of the KIOLA back-end, which is visible to monitoring clinicians. Blood pressure and pulse rate are recorded when the data are
sent from the Bluetooth-enabled sphygmomanometer. Readings outside the shaded zone automatically trigger an email alert to the monitoring clinicians.
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For each patient, customizable limits for BP, pulse rate, and
weight gain were defined at thetime of dischargein consultation
with thetreating cardiol ogist. Thiswasa 2-tier system of yellow
(low priority) and red (high priority) alerts. For example, for a
particular patient, a systolic BP >180 mm Hg could be defined
as ared dert, and a systolic BP of 160-179 mm Hg could be
defined as ayellow aert. The limits could be modified during
the trial at the discretion of the monitoring team. If areading
returned outside of the defined limits, an alert was delivered by
email to the monitoring team, which consisted of a cardiol ogist
and a cardiac nurse practitioner who alternated monitoring
duties. Emails were monitored from 8 AM to 5 PM on
weekdays. Alerts delivered after hours, on weekends, or on
public holidays were assessed the following weekday. Upon
reviewing an aert, the monitoring clinician would decide
whether to contact the patient and, upon doing so, assesswhether
the alert required escalation to the patient’s GP or cardiologist.
Patients were mandatorily contacted following receipt of any
red alert. For yellow alerts, the monitoring team contacted the
patients based on their own discretion. For example, alerts that
were clearly erroneous (eg, a weight reading of 150 kg in a
patient who normally weighed 75 kg) or those that rapidly
normalized or were only marginally above the threshold and
not considered clinically significant did not mandatorily require
patient contact. Decisions to alter management or order
investigations were made by the patient's GP or cardiologist
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and not by the monitoring team. All alerts, response details, and
outcomes were recorded. Usual care, provided in both arms,
included a recommendation to follow up with the GP within 1
week of discharge and with the treating cardiologist, who
determined the timing of this visit. Patients with ACS were
referred to CR, and patients with HF were referred to the local
HF outreach service.

Outcome Parameters

The participants were followed up at 6 months. This occurred
in person until March 2020 and then by telephone after
COVID-19 was defined as a global pandemic. The primary
outcome wasthe number of readmissionsat 30 days, whichwas
chosen because early readmissions are designated as a key
hospital performance indicator by the state government. The
occurrence of readmissions as well as the length of stay were
confirmed by patient interviews, review of the local electronic
medical records, and the Australian national health database
(MyHealthRecord). A readmission was defined as an unplanned
return to hospital, either viathe emergency department (ED) or
direct admission, resulting in the acceptance of care of the
patient by any inpatient medical team. Planned admissions, ED
presentations that resulted in discharge without inpatient
admission, and admissions to the ED short stay unit were not
considered readmissionsfor the purpose of thisstudy. The cause
of the readmission was determined by the summary diagnosis
given in the discharge summary and was classified as noncardiac
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or cardiac. CR attendance was defined as presence during at
least one session. CR completion was defined as attendance to
>10sessionsor formal discharge by the CR staff. CR attendance
wasroutinely recorded in the patient’s electronic medical record
by the CR staff at both hospitals. Only patients with ACS were
included in this analysis as patients with HF are not routinely
referred to CR at either institution. The analysis was limited to
those enrolled =22 months before the closure of CR for
COVID-19. For in-person visits, physical parameters were
measured by blinded investigators. During the COVID-19
pandemic, the final BP (average of the last 2 readings) and
weight were obtained from the readings submitted via the app
for those in the intervention arm; however, the corresponding
values were not obtained from the participants in the control
arm. Follow-up blood tests were not mandated during the
pandemic. The participants completed the same questionnaires
at baseline by either written or telephone means depending on
whether the follow-up date was before or during the pandemic.
The participantsin the intervention arm compl eted an evaluation
of the TCC program (user experience questionnaire) in either
written, telephone, or web-based form (Multimedia Appendix
1). This questionnaire was designed specifically for this study.
Alertswere defined as clinically significant alertsif they led to
a change in investigation or management or led directly to a
consultation with a health care professional. Mgjor adverse
cardiovascular events were defined as a composite of all-cause
death, nonfatal myocardial infarction, and nonfatal stroke.

Statistical Analysis

As this was a pilot study, the sample size was not determined
by a forma power calculation. Readmission analysis was
performed using the Andersen-Gill Cox regression model.
Single continuous variables were analyzed using the 2-tailed t
test. Repeated measures were analyzed using linear mixed
models. Nonparametric variables were analyzed using the
Mann—Whitney U test. Single categorical variables were
analyzed using the Pearson chi-sgquare test. Repeated categorical
variableswere analyzed using generalized linear mixed models.
Linear and generalized linear mixed models generated both a
time interaction (change in parameters from baseline to
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follow-up) and a group-by-time interaction (change in
parameters over time and between groups). Statistical analysis
was performed using Stata Statistical Software: Release 16
(StataCorp LLC) and IBM SPSS Statisticsfor Windows, version
26.0. All analyses applied the intention-to-treat principle.

Cost-Effectiveness

Running costs were recorded over the duration of the trial.
Components of the running costsincluded the cost of equipment,
staffing costs, server maintenance costs, and the cost of health
care consultations generated by the system. A figure of cost per
cardiac readmission saved was calculated by dividing the total
cost incurred by the difference in cardiac readmission rates
between the 2 groups. As costs in the research setting were
unlikely to reflect mainstream clinical practice, a12-month real
world cost-effectiveness model was undertaken (Multimedia
Appendix 2).

Results

Screening, Enrollment, and Follow-up

Between February 2019 and March 2020, 565 potential
participantswere screened for eligibility, of which 240 (42.5%)
did not own a compatible smartphone, which was the most
common reason for exclusion. Approximately 28.5% (161/565)
of patients met >1 of the remaining exclusion criteria, the most
common reasons being unwillingness to participate and living
outside Sydney (and being unable to return for in-person
follow-up; 58/161, 36% of patientsin each case). A total of 128
patients with ACS and 36 patients with HF were enrolled for a
total of 164 participants (Figure 4). Enrollment was terminated
early at the onset of the COVID-19 pandemic. The app did not
operate on the smartphones of 2 patientsin theintervention arm
(2/164, 1.2%). Another patient chose not to use the app after
randomization because of a new diagnosis of lung cancer,
although he did not withdraw from the study. These 3 patients
(3/164, 1.8%) and all others randomized into the intervention
regardless of compliance were included as part of the
intention-to-treat analysis. The mean follow-up time was 193
days. Of the 164 patients, 8 (4.9%) were lost to follow-up.
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Figure 4. Enrollment flowchart.
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had moderate or severe left ventricular dysfunction. Most

Baseline Characteristics patients received guideline-directed medical therapy at baseline
The mean age was 61.5 years, and 79.3% (130/164) of patients  (Multimedia Appendix 3).

weremen (Table 1). Approximately 25.6% (42/164) of patients
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Table 1. Baseline characteristics of the enrolled cohort (N=164).

Indraratna et al

Characteristic TCC? (n=81) Control (n=83)
Age (years), mean (SD) 61.3 (12.3) 61.7 (12.6)
Gender, n (%)
Male 65 (80) 65 (78)
Female 16 (20) 18(22)
Clinical characteristics
ACSP n (%) 63 (78) 65 (79)
HEC n (%) 18 (22) 18 (22)
Moderate or severe LVY dysfunction, n (%) 21 (26) 21(25)
Current smoker, n (%) 18 (22) 21 (25)
Atrial fibrillation, n (%) 16 (20) 20 (24)
Hypertension, n (%) 39 (48) 46 (55)
Diabetes, n (%) 21 (26) 22 (27)
Chronic kidney disease, n (%) 11 (14) 12 (14)
Systolic BP® (mm Hg), mean (SD) 119(18) 121 (18)
Weight (kg), mean (SD) 85.0(16.8) 87.9(22.3)
BMI (kg/m?), mean (SD) 28.5(4.5) 30.1(6)
Waist circumference (cm), mean (SD) 100 (13) 104 (16)
6-minute walk test distance (m), mean (SD) 385 (119) 353 (124)
LDL-C' (mmol/L), mean (SD) 233(09) 2.26(1.09)
5-level EuroQol 5-dimension calculated score (—0.10 to 1.00), mean (SD) 0.84 (0.17) 0.80 (0.17)
Self-reported quality of life score (0-100), mean (SD) 66.7 (18) 63.1(21)
MGLY score (0-4) 311 3.29
Peatient Activation Measure (0-100), mean (SD) 64.5 (15) 63 (16)

8TCC: TeleClinical Care.

PACS: acute coronary syndrome.

°HF: heart failure.

dLV: left ventricular.

®BP: blood pressure.

fLoL-c: low-density lipoprotein cholesterol.

IMGL : Morisky—GreenL evine 4-item medication compliance.

Readmissions at 30 Days

All-cause, unplanned readmissions at 30 days were similar in
the 2 groups (11 in the intervention arm and 11 in the control
arm; P=.97).

Total Readmissions

At 6 months, the intervention was associated with a reduction
in al-cause, unplanned readmissions, with a total of 21
readmissions in the intervention arm and 41 readmissions in
the control arm (hazard ratio [HR] 0.51, 95% CI 0.31-0.88;

https://mhealth.jmir.org/2022/2/e32554

RenderX

P=.02; Figure5). Cardiac readmissionswere also less common
in the intervention arm (11 in the intervention arm vs 25 in the
control arm; HR 0.44, 95% CI 0.22-0.90; P=.03). There was a
numeric reduction in noncardiac readmissions during the study
period, which did not reach statistical significance (10 in the
intervention arm vs 16 in the control arm; HR 0.64, 95% ClI
0.29-1.40; P=.26). Among patientswith HF, therewere 5 cardiac
readmissions in the intervention arm and 18 readmissions in
the control arm; however, thisdifference did not reach statistical
significance, likely because of the smaller patient population.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 2 | €32554 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Indraratna et al

Figure5. Cumulative readmissions over the course of the trial. TCC: TeleClinical Care.
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Compliance With the Intervention

The 2 patients for whom the app did not function on their
smartphones were excluded from the compliance analysis. The
average percentage of daysthat the participantstransmitted data
was 64.2% (SD 27.5%). BP and weight transmissions occurred
at equal frequencies (64.2% of days each). Of the 79 patients,
60 (76%) transmitted data on >50% of days. Approximately
52% (42/81) of patients transmitted data on an average of =5
days per week (ie, more than 71% of all days). Approximately
20% (16/79) of patientstransmitted datafor lessthan an average
of 3 days per week.

Alerts

A total of 585 (2.5%) aerts were generated out of 23,401
transmissions, of which 419 (71.6%) were for the 63 patients
with ACS (mean 6.7 aerts per patient), and 166 (28.4%) were
for the 18 patients with HF (mean 9.2 aerts per patient;
Multimedia Appendix 4). Of the 79 patients, 11 (14%) did not
generate any alerts. On the basis of their interpretation of the
alerts, the monitoring clinicians chose to contact patients after
30.9% (181/585) of aerts, with a mean and median response

Table 2. Mgjor adverse cardiovascular events (MACEs; N=164).

time of 12.5 hours and 5.0 hours, respectively. Approximately
12.5% (73/585) of alerts required discussion with one of the
patient’s health care professionals. The remaining aerts were
either erroneous, rapidly normalized, or not of clinical concern
(Multimedia Appendix 4). A total of 54 health care consultations
were generated from the aerts. The timing of 83% (45/54) of
these consultations was known, and the mean time to
consultation was 56 hours (median 26 hours). Approximately
16.1% (94/585) of aerts were clinically significant. Of the 79
patients, 42 (53%) did not generate any clinically significant
alerts. The causes of the aerts can be found in Multimedia
Appendix 4.

Clinical Outcomes

A total of 4 deaths occurred in the control arm (4/83, 5%) and
1 in the intervention arm (1/81, 1%). All deaths were of
cardiovascular causes. There was 1 nonfatal myocardial
infarction in the intervention arm (1/81, 1%) and none in the
control arm. No strokes occurred in either group. Therewas no
statistically significant difference in mortality or major adverse
cardiovascular events (Table 2).

Clinica outcome TCC?(n=81) Control (n=83) Relativerisk (95% ClI) P value
Mortality 1 4 0.25 (0.03-2.24) 22
Nonfatal MIP 1 0 3.07(0.13-74.3) 49
Nonfatal stroke 0 0 _¢c —
MACEs 2 4 0.51(0.10-2.72) 43

&TCC: TeleClinical Care.
ML myocardial infarction.
®Not possible to calculate as there were no events.
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CR Attendance and Completion

There was no significant difference in CR attendance rates.
However, there were statistically significant differencesin CR

Table 3. Cardiac rehabilitation completion rates (N=100).

Indraratna et al

completion rates, both as a proportion of participants who
attended and asaproportion of thetotal group population (Table

Parameter TCC?(n=51), n (%) Control (n=49), n (%) Statistical analysis

OR® (95% CI) P value
Attendance rate 28 (55) 21 (43) 1.62 (0.74-3.58) .23
Completion rate (attendees only) 20 (71)° 9 (43)d 3.30(1.01-11) .04
Completion rate 20 (39) 9(18) 2.90 (1.15-7.17) .02

8TCC: TeleClinica Care.
POR: odds ratio.

®h=28.

dn=21.

Physical Parameters

Because of the cancellation of in-person visits, these outcomes
could not be assessed for many participants. The results are
summarized in Multimedia Appendix 5.

Questionnaire Results

At baseline, 10 patients in the intervention arm (10/81, 12%)
and 14 in the control arm (14/83, 17%) did not use regular
medications. These patients did not complete the MGL
guestionnaire at baseline but were instructed to complete it at
follow-up. The proportion of patients who reported good
adherence (defined by an MGL score of 4/4) improved
significantly intheintervention arm (34/71, 48%to 57/76, 75%;
P<.001). In the control arm, this proportion fell from 61%
(42/69) to 50% (37/74; P=.19). Overall, there was a significant
interaction favoring the intervention arm (P=.002).

The sdlf-reported quality of life score from the 5-level EuroQol
5-dimension questionnaire improved significantly in both
groups, but there was no difference between groups. The Patient
Activation Measure scoreimproved significantly in both groups,
but there was no difference between groups (Multimedia
Appendix 6).

User Experience

Of the 81 participants, 66 (81%) completed the questionnaire.
Reasons for noncompletion included limited use of the app,
inadequate understanding of English, or declining to participate.
The average rating out of 5 given for the app was 4.56.
Approximately 96% (64/67) of users rated it as easy or very

easy to use.
Cost-Effectiveness

Trial Costs

The tria ran for 20 months. Staffing costs were Aus $53,435
(US $38,491.80), which comprised total remuneration for staff
responsible for enrolling and monitoring of participants.
Technical support was provided asin-kind support. Equipment
for the 81 participants in the intervention arm had a total cost
of Aus $18,630 (US $13,420.10), and server maintenance costs

https://mhealth.jmir.org/2022/2/e32554

totaled Aus $9000 (US $6483.14). The tria generated 18
additional GP visitswith atotal cost of Aus$698 (US $502.80)
and 17 cardiologist visits with a total cost of Aus $1343 (US
$967.43). HF outreach services do not have a defined per-visit
cost; thus, no additional costs were included. Thus, we
calculated the total cost of theintervention as Aus $82,408 (US
$59,362.50). There were 14 fewer cardiac readmissions in the
control arm, which was adjusted to 13.67 given the dlightly
higher number of patientsin the control arm. Thus, the cost per
cardiac readmission saved was Aus $6028 (US $4342.26).

In the control arm, the total cost of cardiac readmissionsfor al
patients combined was Aus $85,213 (US $61,383). In the
intervention arm, the equivalent cost was Aus $38,640 (US
$27,834.30). Thereduction in costs from readmission avoidance
was Aus $550 (US $396.19) per patient for a 6-month
participation, which was doubled to Aus $1100 (US $792.38)
for the projected 12-month real-world model.

Model for 12 Months

In thismodel, it was calculated that each patient would require
approximately 5.8 hours of attention from the monitoring team
if enrolled for 12 months (Multimedia Appendix 7). The
standard per-hour nursing cost was Aus $49.85 (US $35.91),
thus generating a per-patient nursing cost of Aus $289 (US
$208.18). For asingle nurse working 40 hours per week, it was
estimated that they could simultaneously monitor up to 358
patients. Equipment costs were revised to Aus $200 (US
$144.07) per patient as the MiBand 2 activity monitor was not
intended for future use. Costs generated because of medical
consultations were doubled to reflect a 12-month participation,
as were costs saved by avoiding readmissions. Outside of the
research setting, technical costs were projected to be higher
because of the requirement of a commercial license for the
KIOLA platform and technical support. A baseline cost of Aus
$92,388 (US $66,551.50) was applied, aswell asan annual cost
of Aus $184 (US $132.54) per patient. A graph of the
cost-effectiveness model is shown in Figure 6. According to
this model, when the number of enrolled patients is =237, the
costs saved from the prevention of readmissions will surpass
all incurred costs.
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Figure6. Cost-Effectiveness of the TeleClinical Care model as described by total costsincurred by the system and total costs saved by projected cardiac
readmission prevention. The x-axis represents the number of patients enrolled, and the y-axis represents the cost in millions of Aus $.

1.2

o o
o)) 00

Cost (millions of Aus )

o
=

0.2

0 200 400

600

800

1000

Number of patients

——Costs incurred

Discussion

Principal Findings

The TCC program, which combined telemonitoring and
educational messaging within a smartphone app, was not
associated with areduction in readmissions at 30 daysin patients
discharged after an admission with ACS or HF, although event
rateswere low, particularly for cardiac readmissions. However,
the intervention showed benefit with respect to reducing the
incidence of cardiac and all-cause readmissions over the
6-month study period, as well as an improvement in CR
completion rate and medication compliance.

There is a paucity of data for mHealth interventions targeting
patientswith ACS or ageneral inpatient population such asthe
one examined in this study. Telemedical interventions for HF
have yielded varying results, which can be explained by the
heterogeneous nature of theinterventions. A variety of protocols
and patient populations have been previously described and,
therefore, drawing parallels between trialsis often troublesome.

A large early tria, Tele-HF (2010), used a voice-interactive
system and included body weight asthe sole physical parameter
without measurement of pulse or BP [24]. Compliance was
poor, with approximately only 50% of participants taking part
>3 times per week. This trial was negative for its primary end
point (all-cause death or readmission within 180 days of
enrollment) but demonstrated possibleimprovementsfor future
telemedicine systems.

https://mhealth.jmir.org/2022/2/e32554
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An example of how varying intervention design and delivery
may influence resultsis seen by comparison of the Telemedical
Interventional Monitoring in Heart Failure (TIM-HF) [25] and
TIM-HF2[26] trids, both conducted by the same German group.
In the TIM-HF, 710 stable outpatients were enrolled, and
electrocardiogram, BP, and body weight resultswere transmitted
viaa PDA and maobile phone service where they were reviewed
by an independent clinician who communicated with the
patients usua practitioner every 3 months. No difference in
mortality or readmission was observed. Inthe TIM-HF2, astudy
of 1571 patients, a similar system was applied but with the
addition of regular interaction with the patient's GP and
cardiologist. Here, areduction in percentage days lost because
of cardiovascular readmissions and all-cause death was observed
(4.88% vs 6.64%; P=.046). The authors identified the ability
to guide the patient’s management through their usual provider
as a contributor to the success of thetrial.

In comparison with these interventions, TCC had severa
advantages. The participants were required to measure BP,
weight, and activity daily and, unlike several other mHealth
studiesin patientswith cardiac disease [27-29], the resultswere
automatically transmitted, thus removing the need for
participants to manually enter data, which is burdensome and
potentially error-prone. By aiming for daily transmission, there
was a significant volume of data to detect trends in readings
and to contextualize abnormalities. Weekly data entry, as has
previously been described [29], is unlikely to be sensitive
enough to detect clinical deterioration and thus prevent
readmissions.

IMIR Mhealth Uhealth 2022 | vol. 10 | iss. 2 | €32554 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

The alertswere automated, which allowed the monitoring team
to efficiently identify the patients that required attention. The
monitoring team, which consisted of a cardiologist and cardiac
nurse practitioner, had significant clinical experience and was
comfortablein deciding which alertswere clinically significant
and which were not. As a result, <10% of al alerts received
(54/585, 9.2%) led directly to a health care consultation. The
involvement of the patients' usual health care providers was
also important as it is assumed that knowledge of the patient
and their medical background is key to the interpretation and
management of alerts. To date, only 1 individual mHealth RCT
has demonstrated a reduction in readmissions in patients with
HF. This study by Dendale et al [30] randomized 160 patients
with HF and similarly used automated data transmission
combined with interaction with the patients' usual health care
providers. On average, the patients generated 27 alerts over the
6-month period, which was higher than what was observed in
this study.

Compliance with TCC was reasonable, with participants
transmitting data on approximately 64% of study days. Thisis
lower than in other mHealth studies, which have reported
compliance rates of 80% to 95% [25,28-31]. Although 1 study
reported using automated phone calls to improve compliance
[31], others did not report on the level of encouragement
participants were given to transmit data daily. Our study used
athree strikes policy and, beyond that, noncompliant patients
were not reminded to perform measurements. An automated
system may have improved compliance and, thus, the overall
results.

Patients with ACS in the intervention arm were more likely to
complete CR, which is consistent with previous studies [32].
Although the intervention did not directly encourage patients
to attend, it is hypothesized that the daily routine of taking
measurements and the educational notifications of TCC helped
engage patients and promote self-care. Thus, the benefits of
TCC may have been amplified by the benefits of attending a
full course of CR.

A similar principle may explain theimprovement in medication
adherence observed in TCC; that is, that patient education and
increased engagement reinforced the importance of medication
adherence in the management of their cardiac condition. It is
also hypothesized that the daily requirement to measure BP was
amemory trigger for taking medications.

Thus, the reduction in cardiac readmissions observed at 6
monthsis likely a consequence of a multifactorial mechanism.
Deteriorationsin the patients' physical condition wereidentified
and managed in the outpatient sector, and improved self-care
leading to higher engagement with CR and medication
adherenceislikely to have made such deteriorations less likely
to occur in the first place. There was no significant reduction
in the incidence of 30-day readmissions, suggestive of a
medium- to long-term benefit of theintervention rather than an
immediate one.

The participants generally found TCC easy to use, which likely
improved app compliance. Although the app did not function
for 2 participants (2/164, 1.2%), al other technical issues were
remedied during the trial, and no discontinuations because of
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technical issues occurred. The app design was optimized for
older adult patients with features such as large buttons and
graphical displays. The use of Bluetooth synchronization
eliminated the need for manual data entry, thereby easing the
work burden on the patients. In the cardiovascular mHealth
space, usability data have generally been underreported; thus,
thereis minimal scope for comparison with other apps.

During the trial itself, the costs incurred outweighed the costs
of cardiac readmissions saved. The primary contributor to this
were the constant staffing costs incurred regardless of patient
load. For example, at the commencement of the trial, when a
small number of enroliments had occurred, and at the end of
the trial, after recruitment had ceased because of COVID-19,
staffing costs wereincurred at the same rate as during the peak
of thetrial.

The 12-month cost-effectiveness model demonstrated that costs
saved will exceed costs incurred when >237 patients are
recruited. There are several assumptionsin thismodel; however,
they generally underestimate the cost-effectiveness of TCC. For
example, it was assumed that the rate of aerts, medical
consultations, and readmissions would continue unchanged
from months 6-12 of a participant’s enrollment. This might not
be the case if the participant’s condition stabilized, and the
readmission rates compared with the control group could
potentially fall further. It was also assumed that the time taken
to perform certain duties by staff would remain constant when,
realistically, this should reduce as the staff members become
more experienced. The cost-effectiveness models also did not
consider the impact of noncardiac readmissions, which were
not shown to be significantly different between theintervention
and control armsin thisstudy. Ultimately, the results of alarger
RCT of this program will further inform cost-effectiveness
models. For cardiovascular mHealth models, only 1
cost-effectiveness analysis has been published; however, it was
in the context of an SM Stext messaging intervention [33] rather
than atelemonitoring system.

Thisstudy islimited by its relatively small sample size and the
loss of datafor several physical parameters, both of which were
influenced by the COV1D-19 pandemic. Thus, few conclusions
can be drawn on several end points, including anthropometric
measurements, 6-minute walk distance, and low-density
lipoprotein cholesterol. However, because of the randomized
nature of the trial, participants in both arms were equally
affected by the pandemic, and the end points of 30-day and
6-month readmissions, as well as medication adherence, were
not affected disproportionately in either am. The
generalizability of the results should be considered with caution.
The intervention was only offered to participants who were
smartphone owners. If a family member offered to share the
use of their own phone for the study, this was not permitted. In
the HF cohort, where the mean age was 79 years, smartphone
ownership rates were low (41/224, 18.3%), thus limiting
enrollment. It is not known whether similar results would have
been achieved if patients lacking smartphones were provided
with them. However, it isanticipated that smartphone ownership
rates will continue to increase in all age groups; thus, future
studies may enroll a higher proportion of older adult patients.
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Whether the positive outcomesidentified in the TCC study have
continued ongoing long-term benefits after the completion of
the trial remains unknown. There are limited data regarding
residual benefits of mHealth interventions, although 1 study
has reported improved BMI in patients 4 years after concluding
theintervention, suggesting that learned behaviors may continue
in the long term [34]. As most participants in this study
consented to long-term data linkage analysis, it is possible that
this question can be addressed in the future. Furthermore, a
large, multicenter RCT of a modified TCC program powered
for clinical end pointsis scheduled to commence in 2021. The
primary end point will be unplanned hospital readmissions at
6 months, the participants will be followed for 12 months, and
an additional SM Stext messaging arm will be used for patients

Indraratna et al

who own a mobile phone that is not capable of operating the
new app.

Conclusions

The TCC programisanove and innovative model of care based
on asmartphone app that facilitates telemonitoring and patient
education. The system was demonstrated to be safe, feasible,
patient-friendly, and cost-effective when applied to patients
with ACS and HF at the time of discharge. Clinical benefits
were observed regarding the rate of cardiac and al-cause
readmissions, medication compliance, and CR completion.
Theseresultsare promising, but confirmation with alarger trial
is necessary before implementing widespread adoption of the
model.
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