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Abstract

Background: Cardiac rehabilitation can reduce mortality of
patients with cardiovascular disease, but a frequently low
participation rate in rehabilitation programs has been found
globally. The objective of the Teledialog study was to assess
the cost-utility (CU) of a cardiac telerehabilitation (CTR)
program. The aim of the intervention was to increase the
patients’ participation in the CTR program. At discharge, an
individualized 3-month rehabilitation plan was formulated
for each patient. At home, the patients measured their own
blood pressure, pulse, weight, and steps taken for 3 months.
Materials and Methods: The analysis was carried out to-

gether with a randomized controlled trial with 151 patients
during 2012-2014. Costs of the intervention were estimated
with a health sector perspective following international
guidelines for CU. Quality of life was assessed using the 36-
Item Short Form Health Survey. Results: The rehabilitation
activities were approximately the same in the two groups, but
the number of contacts with the physiotherapist was higher
among the intervention group. The mean total cost per patient
was €1,700 higher in the intervention group. The quality-
adjusted life-years (QALYs) gain was higher in the interven-
tion group, but the difference was not statistically significant.
The incremental CU ratio was more than €400,000 per QALY
gained. Conclusions: Even though the rehabilitation activities
increased, the program does not appear to be cost-effective.
The intervention itself was not costly (less than €500), and
increasing the number of patients may show reduced costs of
the devices and make the CTR more cost-effective. Tele-
rehabilitation can increase participation, but the intervention,
in its current form, does not appear to be cost-effective.

Key words: cost-utility, heart patients, telerehabilitation,
randomized study, economic evaluation

Introduction
ardiovascular diseases (CVD) is the cause of 30% of
all deaths in 2010." Cardiac rehabilitation (CR) has
documented a 20% reduction in all-cause mortality
and a 27% reduction in cardiac mortality in sys-
tematic reviews.”> A CR program is defined as a secondary
preventive program that includes interventions such as ex-
ercise and patient education on risk factors in order to achieve
and maintain a healthy lifestyle.* Globally, low participation
rates for patients in CR programs have been reported.” Cardiac
telerehabilitation (CTR) is defined as CR using information and
communication technology. CTR appears to be an effective
strategy to increase both patients’ attendance in CR and long-
term adherence to recommendations, as well as being in
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particular a promising new tool to include patients who are
not able to attend such a program for various reasons.®’
However, there is a lack of multidisciplinary evaluations of
CTR programs, including health economic studies.®

This study conducted a cost-utility (CU) analysis (CUA) of the
Teledialog research project. The aim of the project was to de-
velop and test an individualized CTR program designed to in-
crease participation in rehabilitation, improve patient quality
of life, reduce the number of admissions, and reduce the need
for acute care. As part of the Teledialog project, a CTR program
was developed and tested in a randomized controlled trial of
cardiac patients diagnosed with artery sclerosis, coronary ar-
tery bypass surgery, valve surgery, and heart failure.

Materials and Methods
THE INTERVENTION

A CTR program was developed and tested in 2012-2014 in a
randomized controlled trial (n=151). Two hospitals, four mu-
nicipal healthcare centers, and a call center took part in the
program. On being discharged from hospital, the cardiac pa-
tients were enrolled by a project nurse, who included the patients
based on various inclusion and exclusion criteria (Table 1).

Table 1. Inclusion and Exclusion Criteria
in the Teledialog Project

CRITERIA SPECIFICS

Inclusion | e Women and men above 18 years of age

e Must have signed the “Informed Consent” document

e Must be able to understand the study information

e Must live in Hjoerring or Frederikshavn Municipality

e Must have a mobile network

e Must be able to use IT or have a close family member who can
use IT

e Patients with clinical diagnosis of artery sclerosis (myocardial
infarction, angina pectoris), coronary artery bypass surgery, valve
surgery, and heart failure

Exclusion | e Patients who, in the investigator's judgment, will not be able to
participate in the study

e lack of ability to speak and understand Danish

e Pregnancy or nursing

e Neurological disease

e Use of wheelchair/lack of ability to walk

o Participation in other studies that could influence the outcomes
of this study

IT, information technology.
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The project nurse performed an interview with each patient
and identified the patient’s need for rehabilitation and the
place where rehabilitation would be carried out (hospital,
healthcare center, or call center). The important part of the
CTR was to design an individual rehabilitation based on the
patient’s needs.

The patient was registered as a user in the information
technology platforms and was equipped with a tablet com-
puter giving him or her Web access to his or her own personal
health record and measurements. The patient received
training in the use of the different devices and the digital
rehabilitation plan, and a doctor prescribed how often the
patient needed to measure blood pressure, pulse, and weight,
most often twice a week, whereas steps were measured every
day. The data were transmitted via a secure transmission
line. Patients, relatives, and healthcare professionals from the
hospital and healthcare centers were able to communicate
and share data from the personal health record. In addition,
patients and relatives had access to Activeheart.dk (a digital
toolbox with information on rehabilitation topics, activities,
and videos showing patients describing their experiences of
being a heart patient and appropriate exercises for after
surgery).

After 2 weeks in the program, each patient was visited by a
project assistant in order to make sure that the patient and
relative were confident in using the technology. Healthcare
professionals monitored the measured values every week,
contacted the patients if the values were abnormal, and dis-
cussed rehabilitation activities with the patient. The tele-
rehabilitation program lasted for 3 months. Table 2 gives
further description of the equipment.

The control group followed a traditional rehabilitation
program at the hospital or healthcare center based on CR
guidelines. Aalborg University was responsible for the deliv-
ery, installation, and removal of the equipment for the pa-
tients in the intervention group.

RANDOMIZATION

When the patient had signed the informed consent form, a
project nurse performed the randomization. Randomization
into groups was done using an automatically generated list for
each block with an equal number of intervention and control
numbers in random order, so as to ensure an even distribution
in each group in varying sizes (10, 20, and 14). In total, 151
cardiac patients were enrolled.

OUTCOME MEASUREMENT

Quality of life was assessed using the 36-Item Short Form
Health Survey (SF-36). To estimate the changes in the number
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Table 2. Description of the Equipment

EQUIPMENT

MyMedic

MyMedic is a telehealth monitor produced by Tunstall Healthcare A/S that transfers data via a mobile Internet connection
to a central server. Devices like the sphygmomanometer, digital weight scale, and ECG are transmitting data via the
telehealth monitor. Leasing of the telehealth monitor and devices is €33.51 per patient.

Triage Manager

The Triage Manager is a software administrative module used to administer data on the patients being monitored.
The Triage Manager is provided by Tunstall Healthcare A/S and used by the healthcare professionals.

Sphygmomanometer

Approved for medical use. The meter was paired with the telehealth monitor in advance.

Digital weight scale

Approved for medical use. The weight scale was paired with the telehealth monitor in advance.

ECG The ECG is CE-approved and approved for medical use. It measures the first derived ECG scan for 40s and then transmits
the measured values to the telehealth monitor via wireless Bluetooth.

Fitbit Ultra The Fitbit Ultra is a digital pedometer registering the number of steps. The patients with access to their data can follow
their data on the telehealth monitor or at shared care. Cost is €30.83 per patient.

ActiveHeart.dk An interactive Web page with information on health, the heart, and heart diseases communicated using text and videos.

The videos have instructions on exercises and short narratives by patients and relatives about their experiences with

daily life after being diagnosed with heart disease. On the Web page, the patients have the possibility to call SOS International,
which administers a hotline for the heart patients. The hotline is open daily between 9:00 to 16:00 h, and nurses are available
within this time frame for any questions from the patients. Finally, there is a Web forum, where patients can interact with
each other. The Web page was available for patients in the intervention group and their relatives. The Web page has

been designed to suit patients' different learning styles. The information is available 24/7. Cost is €72.97 per patient.

Shared Care

Shared Care is an Internet-based rehabilitation plan delivered by IBM. The patients, relatives, and healthcare professionals
have access to the plan and can obtain an overview of patient data, such as rehabilitation plan, GP, diary, medications,
activities, monitored values, etc. Was available free in the project

CareConnect CareConnect is a data platform provided by KMD for integrating and connecting the different systems in the project.
CareConnect receives data from Medcom correspondence, MyMedic, Fitbit, and Shared Care. Cost is €5.36 per patient.
Tablet Each patient had an Android tablet (Samsung) to access data. The patients had the table for 3 months. The tablet was

reused for more patients. Cost is €5.36 per patient.

ECG, electrocardiograph; GP, general practitioner.

of quality-adjusted life-years (QALYs), the patients’ responses
to the SF-36 have been transformed using the Brazier algo-
rithm and the SF-6D methodology.? This routine applies a
nonparametric model to estimate SF-6D health state utility
values using Bayesian methods.? The SF-6D comes with a set
of preference weights obtained from a sample of the British
population using the standard gamble method.’ Patients who
complete the questionnaires may be uniquely classified in
terms of QALY values according to the SF-6D.?

COST MEASUREMENTS

The CUA is based on a health sector perspective. The eco-
nomic evaluation follows international guidelines for con-
ducting a CUA of a randomized controlled trial.'® All prices
and unit costs are in euros, calculated from Danish kroner
(DKK) at the exchange rate of €100=DKK 746."

Only direct healthcare costs are considered (i.e., costs related
to the intervention [equipment, training by professionals]
and to the use of healthcare [hospital admissions, ambulatory

contacts, general practitioner contacts, emergency physician
contacts, and other primary services]). Data on costs of the
intervention, including prices of equipment used in the in-
tervention, were obtained from companies and from worktime
records of the clinical staff. Data on use of healthcare were
collected for each patient from the National Patient Register
and is measured in the years 2013-2014. Estimates of prices of
use of inpatient and outpatient hospital care for each patient
were derived from the National Patient Register and based on
Diagnose Related Groups from the Danish reimbursement
system.

ANALYSIS OF DATA

The statistical analysis of data is based on the intention-
to-treat method. Data from the SF-36 were entered into
EpiData (version 1.4.1) and transferred using EpiData Man-
ager (version 1.3.2.1.) to a statistical package (R version.
3.1.2) for analysis. The intervention and control groups were
compared using descriptive statistics and tested by t test.
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These tests are applied to approximately normal data as
baseline characteristics and QALY measures. Data on use of
resources and costs are skewed and do not follow a normal
distribution. This means that the groups are compared by
their means but tested using the nonparametric Mann-
Whitney U test for differences. Statistical significance was
defined at a 5% significance level. The results are presen-
ted with means for all variables included in the economic
evaluation.

ETHICAL PERMISSION

The project was approved by the Danish Ethical Committee
(number 20120051). The ethical principles for medical re-
search involving human subjects, described in the Helsinki
Declaration and the Act on Processing of Personal Data, were
followed.

Results

Altogether, 369 patients were screened (Fig. 1), and 151 pa-
tients were eligible and randomized. Baseline data were collected
for 141 of the eligible patients (72 for the intervention group and
69 for the control group). Attrition was acceptable, as 88% of the
patients completed the 6-month follow-up assessment (90% from
the intervention group and 83% from the control group), and 84%
completed the 12-month follow-up (89% from the intervention
group and 80% from the control group).

Table 3 shows the patients’ characteristics at baseline. Tests
of association conducted for each variable across randomi-
zation group confirmed that baseline characteristics did not
differ statistically.

ESTIMATED COSTS

Data about the use of resources to carry out the intervention
and the use of rehabilitation and healthcare services in the
intervention and control groups is shown in Table 4.

With regard to rehabilitation services, we found that those in
the intervention group used the physiotherapist an average of 5
times and the team training an average 2.2 times; among the
control group the corresponding figures were 2.9 and 3.4, re-
spectively. However, these differences are statistically insignifi-
cant. Generally, the use of healthcare services is higher in the
intervention group except for contacts to emergency doctors.
However, the average number of contacts in the control group
may be severely skewed due to an outlier in the control group who
had 27 contacts, and the nonparametric test confirms that the
difference is not significant.

The estimated mean costs per patient are presented in
Table 5. The intervention in itself costs €392 per patient, in-
cluding both the costs of devices and staff resources. In the
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intervention group, the overall costs are for rehabilitation
services about €100 higher and for healthcare services about
€1,200 higher, but neither difference is statistically signifi-
cant. Nevertheless, the cost of reimbursed transportation to
rehabilitation is significantly higher in the control group.

The total costs of healthcare utilization are €1,200 higher on
average in the intervention group, although not statistically
significant. This is due mainly to the higher number of ad-
missions. However, the total average cost per patient in the
intervention group is significantly higher (€5,709) compared
with the control group (€4,045), although this difference may
be due to the added cost of the intervention.

ESTIMATED QALYS

The reported values in Table 6 are QALYs derived from the
respondents’ answers to SF-36 during the project. With an
increase of 0.089 QALY in the intervention group and 0.085
QALY in the control group during the first 12 months, the
difference is not significant. However, the estimated QALY
show a significant increase over time in both groups.

ESTIMATED INCREMENTAL CU RATIO
The incremental cost-effectiveness ratio (ICER) is calculated
according to the following formula:
G-Ce

ICER= ——— ¢
QALY;— QALY.

where C; (i = I, C) is equal to the mean costs per patient in the
two groups, where I represents the intervention group and C
represents the control group. The denominator consists of the
change in QALY from baseline (0 month) to the 12-month
follow-up for both intervention and control groups. Based on
the estimates in Tables 5 and 6, ICER can be estimated to
€518,280 per QALY gained. Thus, the estimated total costs of
investing in Teledialog are €518,280 per gained QALY.

Uncertainty of the estimated ICER was evaluated with
probabilistic sensitivity analysis using a 5,000 bootstrap re-
sample with a 95% bias-adjusted confidence interval (CI). The
results of the resample are illustrated in the cost-effectiveness
plane in Figure 2. Based on the resample, the mean costs per
patient in the intervention and control groups were estimated
to be €5,724 (CI: 3,709; 953) and €4,057 (CI: 2,445; 689),
respectively, and the mean QALY gain to be 0.089 (CI: 0.05;
0.13) and 0.085 (CI: 0.05; 0.12), whereas the mean ICER was
€483,608.

Several sensitivity analyses were carried out to examine the
robustness of the results. First, patients with very high costs
(costs of more than €33,500) were excluded (4 patients). This
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Enrollment

Excluded (n=218)

Not meeting inchision criteria (n=78)

Do not want to use technology. (n=66)
Cannot cope with the project. (n=14)

Absence of motivation and i @=27)
Out Traveling (n=T)

Under surveillance (n=1)

Participating in another project (n=3)
Other reasons (n=16)

Noreason (n=6)

L L I )

Allocation ]

Drop out (n=3) Drop out (n=T)
*  Disconfirm of diagnosis (n=1) Disconfirm of diagnosis (n=1)
Cannot cope with the project (n=1) Cannot cope with the project (n=1)

. s o e

Illness (n=1) Difficult to answer the questionnaire (n=2)
lness (n=1)
Unreachable (n=2)
Follow-up ]
Lost to follow-up (n=4) Lost to follow-up (n=5)
+ Difficult to answer the questionnaire + Cannot cope with the project (n=3)
(n=1) * NoReason (n=1)
+ Dead (n=3) * Iiness (n=1)

Lost to follow-up (n=3) Lost to follow-up (n=5)

M+ llness (@=1) + Cannot cope with the project (n=1)
+ Dead (n=1) + Difficult to answer the questionnaire (n=1)
L " Uneachabl G=1)

.| Lost to follow-up (n=1) Lost to follow-up (n=4)
* Cannot cope with the project (n=1) * Unreachable (n=3)
* Dead (n=1)

Fig. 1. Overview of cardiac patients included in the Teledialog project.
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Table 3. Basic Characteristics of the Telerehabilitation and Control Groups

VARIABLE TELEREHABILITATION GROUP (N=72) CONTROL GROUP (N=69) P VALUE
Age (years) by gender

Men 63.890+ 11.650 (31-88) [57—72] (n=56) 61.270% 11.780 (39-83) [53-70] (n=>55) 0.241
Women 57.440+ 14.940 (34-84) [49.500—72.250] (n=16) 68.140+£10.110 (52—85) [60-78] (n=14) 0.032
Men and women 62.460+12.310 (31-88) [54—72] 62.670%11.720 (39-85) [54-72] 0.919

Clinical parameters

Weight (kg) 86.440+ 18.160 (43.900—140.000) [76.350—98.230] 85.800+20.350 (51.000—140.000) [71.000-99.000] 0.846
Blood pressure (mm Hg)
Systolic 125.690+ 15.730 (85—170) [115.000—138.000] 125.660+ 15.150 (95—169) [115.500—135.000] 0.990
Diastolic 75.670+11.100 (50—115) [70.000-80.000] 73.060+ 11.780 (40—103) [63.000-80.500] 0.185
Heart rate (beats/minute) 70.860+ 13.880 (50—110) [60.000—77.750] 70.740+ 14.880 (46—111) [60.000—77.500] 0.960
Missing values (n) 2 5
Primary diagnoses 0.383
Acute coronary syndrome 33 38
Heart surgery 26 15
Heart failure 9 9
Artery sclerosis and heart failure 6 6
Civil status 0.572
Single 12 9
Married or living with a partner 58 57
Missing 2 3
Education 0.898
Elementary school 21 16
High school 8 7
Skilled worker 26 26
Short education 1 3
Bachelor's degree 10 10
Master's degree 3 3
Missing 3 4
Work status 0.325
Works under 20 h/week 2 4
Works 20-36 h/week 1 4
Works full-time 37 hfweek 10 9
Sick leave 16 12
Unemployed 0 2
Retired 36 28
Missing 7 10

continued —
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Table 3. Basic Characteristics of the Telerehabilitation and Control Groups continued

VARIABLE TELEREHABILITATION GROUP (N=72) CONTROL GROUP (N=69) P VALUE
Place of rehabilitation 0.560
Hospital 28 29
Healthcare center 31 40
Call center 13 0

Age and clinical parameters are mean + standard deviation values (minimum-maximum) [interquartile range]. Other values are number of patients.

Table 4. Use of Resources
‘ MEAN USE PER PATIENT IN

‘ INTERVENTION GROUP CONTROL GROUP

TYPE OF COSTS ‘ N ‘ NUMBER ‘ Cl (95%) N NUMBER Cl (95%) P VALUE

Resource use (min) in Teledialog

Staff time (information to patients) 85 60
Staff time (dialogue with patients at home) 120 -
Visit at patient's home 45 —
Collecting and cleaning devices 45 -

Use of rehabilitation services

Contacts (n) with

Nurse 68 2.480 (1.880; 3.090) 66 2.860 (2.230; 3.500) 0.380
Doctor 68 0.710 (0.480; 0.930) 66 0.700 (0.470; 0.920) 0.984
Physiotherapist 68 5.000 (2.800; 7.200) 66 2.890 (1.230; 4.560) 0.351
Dietician 68 0.340 (0.090; 0.580) 66 0.360 (0.120; 0.600) 0.390
Psychologist 68 0.180 (0,000; 0.440) 66 0.200 (0.000; 0.560) 0.976
Participations (n) in team training 68 2.220 (0.830;3.610) 66 3.440 (1.750; 5.130) 0.251

Use of healthcare

Inpatient days (n) 68 1.020 (0.530; 1.520) 66 0.600 (0.250; 0.950) 0.429
Re-admissions (n) 68 0.490 (0.250; 0.600) 66 0.350 (0.200; 0.500) 0.496
Outpatient visits (n) 68 4.290 (2.350; 6.230) 66 3.820 (2.190; 5.450) 0.868
Length of stay (days) for each admission 33 3.880 (2.440; 5.320) 24 2.290 (1.200; 3.380)

Contacts (n) with

GP 68 15.120 (12.070; 18.160) 66 14.670 (11.230; 18.100) 0.680
Emergency physician 68 0.720 (0.400; 1.040) 66 1.450 (1.130; 1.780) 0.980
Reimbursed transportation visits () 68 9.010 (6.160; 11.870) 66 9.270 (6.790; 11.750) 0.301

Cl, confidence interval; GP, general practitioner.
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Table 5. Mean Cost per Patient in the Telerehabilitation and Control Groups

INTERVENTION GROUP CONTROL GROUP

TYPE OF COSTS MEAN COST Cl (95%) MEAN COST Cl (95%) P VALUE

Costs of Teledialog

Time (min)
Staff time information to patients) 51 36
Staff time (dialogue with patients) 72 =
Visit at patient's home 13 —
Collecting and cleaning devices 13 —

Devices' cost

Rent of telemedicine devices (3 months) 101 =
Rent of tablet 32 —
Fitbit Ultra 31 -
Activeheart.dk 79 -
Total running costs 392 36

Cost of rehabilitation services

Contacts with

Nurse 68 84 (61; 106) 66 82 (59; 104) 0.978
Doctor 68 16 (10; 20) 66 16 (11; 21) 0.876
Physiotherapist 68 199 (116; 281) 66 92 (9; 176) 0.145
Dietician 68 9 (2; 15) 66 10 (4,17) 0.456
Psychologist 68 12 (0; 32) 66 10 (0; 30) 0.989
Participations in team training 68 7 (3; 10 66 20 (16; 23) 0.190
Total cost of rehabilitation 326 (232; 419) 229 (160; 299) 0.570

Costs of healthcare services

Admissions 68 4,224 (1,519; 6,927) 66 3,002 (986; 5,019) 0.507

Outpatient visits 68 588 (290; 775) 66 519 (291; 748 0.815

Contacts with

GP 68 179 (139; 218) 66 166 (127; 205) 0.598
Emergency physician 68 12 (6; 18) 66 24 (9; 38) 0913
Transportation costs 68 43 (22; 65) 66 68 (46; 91) 0.038
Total costs of healthcare utilization 4,991 (2,286; 7,695) 3,780 (1,679; 5,879) 0.936
Total costs 5,709 (2,990; 8,427) 4,045 (1917; 6,173) 0.0211

All costs are given in euros.

Cl, confidence interval; GP, general practitioner.
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Table 6. Quality-Adjusted Life-Years Gain in the Intervention and Control Groups

CHANGE CHANGE CHANGE
DURING FIRST DURING FIRST DURING FIRST
BASELINE 3 MONTHS 3 MONTHS 6 MONTHS 6 MONTHS 12 MONTHS 12 MONTHS
Intervention group 0.610 0.670 0.065 0.680 0.069 0.700 0.089
Number of patients 61 61 61 61 61 61 61
Confidence interval (0.580; 0.640) (0.640; 0.710) (0.030; 0.100) (0.640; 0.710) (0.030; 0.100) (0.660; 0.740) (0.050; 0.130)
Control group 0.620 0.700 0.081 0.710 0.090 0.710 0.085
Number of patients 53 53 53 53 53 53 53
Confidence interval (0.590; 0.650) (0.670; 0.740) (0.040; 0.120) (0.670; 0.750) (0.050; 0.130) (0.670; 0.740) (0.050; 0.120)
p value 0.608 0.275 0.512 0.225 0.4353 0.751 0.904

reduced the difference in the mean costs per patient to €1,011.
Second, fixed costs related to the investment in telemedicine
devices were excluded (costs of rent of telemedicine devices,
rent of the tablet computer, purchase of the Fitbit [San Fran-
cisco, CA] Ultra tracker, and establishing of the Activeheart.dk
Web site) in order to estimate the marginal costs of offering the
intervention to additional patients. This reduced the difference
in the mean cost per patient to €1,423. Finally, the mean cost
per patient was estimated, excluding the 15 patients for whom
12 months of follow-up data do not exist. This reduced the
difference in the mean costs per patient to €1,023.

Discussion

The aim of the project was to develop and test an indi-
vidualized CTR program to increase participation in reha-
bilitation, improve patient quality of life, reduce the number
of admissions, and reduce use of acute care. The CUA shows
that the intervention group contacted the physiotherapist

more often while attending fewer group-training sessions
compared with the control group, although these differences
are not statistically significant. This suggests that patients in
the telerehabilitation group are more likely to carry out their
rehabilitation activities on an individual basis, thus sup-
porting the main aim of the Teledialog project. Qualitative
findings support that patients and healthcare professionals
felt that the CTR program in Teledialog was tailored to in-
dividual needs."?

When examining the use of healthcare in general, the
number of emergency contacts to the physician by members
of the intervention group is half that of the control group,
whereas the numbers of re-admissions, outpatient visits, and
general practitioner visits on average are higher in the inter-
vention group, although none of these differences is statisti-
cally significant. When comparing the overall average costs
across the two groups, we find that the average cost per patient
is significantly higher for those in the intervention group,

except for the cost for transport, which is lower in the

intervention group than in the control group.

Incremental costs

We found no significant differences in the im-
provement of the patients’ quality of life between the
two groups (A=0.004), and, taken together, these re-
sults indicate that the intervention is not cost-
effective, with costs per QALY gained at more than
€500,000. However, it is possible that the added costs
of telerehabilitation may result in other desirable
outcomes that were not considered in the current
study. The number of cardiac patients not participat-

0.00
Incremental QALY

0.10 ing in rehabilitation is large, and these patients could

benefit from a telerehabilitation approach, although at

Fig. 2. Cost-effectiveness plan of incremental cost per quality-adjusted life-

year (QALY) (bootstrapping with 5ooo replications).

MARY ANN LIEBERT,

a greater cost, which may prove to be a better outcome
than nonparticipation. Widmer et al.'® concluded, in a
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systematic review and meta-analysis of digital health inter-
ventions for the prevention of CVD, that digital health inter-
ventions can reduce CVD outcomes and have a positive impact
on risk factors for CVD.

In addition, the continuous collection of clinically relevant
data carried out using the telerehabilitation approach may pro-
vide better support to the physician in offering improved treat-
ment recommendations, as such clinical judgments would be
based on ongoing measurements compared with the more static
measures obtained from one-off, face-to-face consultations.

The strengths of this study are the wide healthcare per-
spective, including both primary and secondary care costs. We
have not identified any study where costs from the primary
and secondary sectors have been included at the same time. In
addition, this study has used mainly data from patient regis-
ters rather than self-reported patient data and has had a
follow-up period of 1 year.

We have identified only three other CU studies of a tele-
rehabilitation program for patients with CVD. Kortke et al.'*
presented a cost-effectiveness analysis of a nonrandomized trial
of a transtelephonic guide for ambulatory rehabilitation in car-
diac surgery patients. Their study showed that the total cost of the
telemedicine program was lower than the conventional in-
hospital program. Kraal et al.'® described a protocol for a forth-
coming study of a 12-week telemonitoring-guided home-based
training program. Frederix et al."® conducted a CUA of a 24-week
comprehensive CTR program using a sample of 140 patients. The
study showed that the mean cost per patient in the telemonitoring
program was €564 lower than the mean costs in the control
group. At the same time, the mean QALY gain per patient in the
telemonitoring group was 0.026, and the conclusion therefore
was that CTR tends to be more effective and efficient than center-
based CR alone. The main reason for the result was a statistically
significant reduction in the number of days lost due to cardio-
vascular rehospitalizations in the intervention group.

The Teledialog study has several limitations. First, the pro-
ject was a small-scale research project. Only healthcare costs
were included in the estimation, and potential savings for the
patient (e.g., savings due to a lower degree of use of pharma-
ceuticals) and for the municipality related to the possible im-
provement in the patients’ quality of life were not taken into
account. Using a higher number of patients may thus result in
reduced costs of the devices used in the intervention and make
the CTR program more cost-effective over the long term.

Second, we found an unexpected difference in the costs of
outpatient and inpatient visits. Only hospital visits related to
heart disease are included in the study, and based on the es-
timated low impact on the patients’ quality of life, no differ-
ence in these costs was to be expected. Therefore, only a few
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patients with high healthcare costs unrelated to the degree of
rehabilitation may have had a large impact on the costs. As a
consequence, larger studies are needed to provide further
examination of the differences in costs per patient.

Third, the measure of the patients’ quality of life, the Brazier
algorithm, and the SF-6D methodology may be criticized for
being too generic and not sensitive enough for identifying the
changes in the patient’s health related to rehabilitation.

Conclusions

The current study shows that an individualized CTR program
may increase the patient’s participation in rehabilitation ac-
tivities, reduce the cost of transport, and reduce the number of
emergency physician visits. However, the mean total healthcare
cost per patient in the intervention group was significantly
higher, and improvement in the patients’ quality of life was not
significant, compared with the costs and quality of life of the
patients in the control group. Taken together, these findings
indicate that the telerehabilitation approach is not cost-
effective in a small-scale study. It is possible that increasing the
number of patients in the sample may show reduced costs of the
devices and make the telerehabilitation program more cost-
effective. In addition, increasing rehabilitation participation
and perhaps the kind of clinically relevant data collected may
give the telerehabilitation approach an additional advantage.
More research is needed to identify the potential for the use of
telerehabilitation for cardiac patients.
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