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c Unitat de support a la recerca Metropolitana Nord, Institut d’Investigació en Atenció Primària Jordi Gol, Institut Català de la Salut, Barcelona, Spain
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A B S T R A C T

Introduction and objectives: Multidisciplinary strategies for the management of heart failure (HF)

improve outcomes. We aimed to evaluate the effectiveness of noninvasive home telemonitoring in

ambulatory patients with HF already included in a structured multidisciplinary HF program.

Methods: Prospective intervention study with before/after comparison design of an interactive

telemedicine platform in HF patients, randomized 1:1 into two groups: A) Motiva System with

educational videos, motivational messages, and questionnaires, and B) Motiva System + self monitoring

of blood pressure, heart rate, and weight. Hospitalizations were compared over 12 months prior to and

post study inclusion. Quality of life was evaluated using the generic EuroQoL visual analogue scale and

the specific questionnaire Minnesota Living With Heart Failure Questionnaire.

Results: There were 92 patients included (71% male; 66.3 � 11.5 years; 71% ischemic aetiology). During

real-time telemonitoring over 11.8 months (interquartile range, 8.6-12), 14,730 questionnaires were

administered with 89% median response rate. Hospitalizations for HF decreased by 67.8% (P = .010) and for

other cardiac causes by 57.6% (P = .028). The number of days in hospital for HF decreased by 73.3% (P = .036),

without statistically significant differences between groups, and for other cardiac causes by 82.9% (P = .008).

The perception of quality of life improved significantly both for the generic scale (P < .001) and for the HF

specific questionnaire (P = .005).

Conclusions: HF patients who used an interactive telehealth system with motivational support tools at

home spent less time in hospital and felt their quality of life had significantly improved. No significant

differences were observed between groups.

� 2010 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L. All rights reserved.

Telemonitorización no invasiva en pacientes ambulatorios con insuficiencia
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R E S U M E N

Introducción y objetivos: Las estrategias de manejo multidisciplinario en insuficiencia cardiaca (IC)

mejoran su evolución. Se evalúa la efectividad de un programa de telemonitorización no invasiva en

pacientes ambulatorios con IC controlados en una unidad multidisciplinaria estructurada.

Métodos: Estudio prospectivo de intervención con diseño antes/después basado en una plataforma

interactiva de telemedicina en pacientes con IC, aleatorizados 1:1 a dos grupos: a) Sistema Motiva con

vı́deos educativos, mensajes motivacionales y cuestionarios, y b) Sistema Motiva + telemonitorización

de presión arterial, frecuencia cardiaca y peso. Se compararon las hospitalizaciones durante 12 meses

antes y después de la inclusión. La calidad de vida se evaluó con la escala visual analógica EuroQoL y el

cuestionario especı́fico Minnesota Living With Heart Failure Questionnaire.

Resultados: Se evaluó a 92 pacientes (el 71% varones; edad, 66,3 � 11,5 años; el 71% de etiologı́a

isquémica). El periodo real de telemonitorización fue de 11,8 [intervalo intercuartı́lico, 8,6-12] meses. Se

enviaron 14.730 cuestionarios, con una tasa mediana de respuesta del 89%. Las hospitalizaciones por IC

disminuyeron un 67,8% (p = 0,01) y por otras causas cardiológicas, un 57,6% (p = 0,028). Los dı́as de ingreso
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hospitalario por IC se redujeron un 73,3% (p = 0,036), sin diferencias estadı́sticamente significativas entre

ambos grupos, y por otras causas cardiológicas, un 82,9% (p = 0,008). La percepción de calidad de vida mejoró

significativamente tanto en la escala genérica (p < 0,001) como en el cuestionario especı́fico (p = 0,005).

Conclusiones: Los pacientes con IC que utilizaron un sistema interactivo de telemedicina domiciliario

con herramientas de soporte motivacional permanecieron menos tiempo en el hospital y percibieron

una mejora en su calidad de vida. No hubo diferencias significativas entre los grupos.

� 2010 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L. Todos los derechos reservados.
Abbreviations

EQ-VAS: EuroQoL visual analogue scale

HF: Heart failure

MLWHFQ: Minnesota Living With Heart Failure Questionnaire

QoL: Quality of life
INTRODUCTION

Heart failure (HF) is a disease with a poor prognosis and high
rate of hospitalization and readmission.1–3 Health education,
adequate pharmacological treatment, close monitoring by health
care providers, and self monitoring are key in preventing
rehospitalization.4 It is also well known that patients with HF
have a diminished quality of life (QoL) for various reasons (eg,
dietary restrictions, adverse effects of multiple medications,
limited socialization due to symptoms). Through effective
implementation of the guidelines approved by scientific societies
for diagnosis and management of HF, and by offering compre-
hensive disease management strategies, specific HF units or
disease management programs have had a great impact on the
reduction of hospital admissions for HF and on improvement of
patient QoL.5,6 Our previous experience concurs with those found
in the literature, with a 49% reduction in HF hospital admissions
during the first year after the set-up of a structured multi-
disciplinary HF unit.7

However, readmission rates remain high for this patient
population, and novel options based upon the use of information
and communication technologies to manage chronic disease
need to be evaluated and implemented. Of these new technol-
ogies, remote telemonitoring and telephone support programs
have been the most widely explored.8,9 Noninvasive home
telemonitoring has the dual advantage of providing continuous
monitoring while encouraging patient participation in self-
management of the disease. Several studies have already
demonstrated that remote telemonitoring may have an impact
on disease-associated morbidity.10 Interest in telemonitoring is
growing, and recent technological advances as well as the
development of a more user-friendly computer interface may
lead to increased patient satisfaction and acceptance of these
new technologies.

The objective of this study was to evaluate the impact of a
telemedicine program with specifically designed educational
videos as a main new feature combined with questionnaires,
messages, and self-monitoring equipment on patients attending a
structured multidisciplinary HF unit. Number of hospitalizations
and days in hospital for HF and other cardiac causes 12 months
prior to enrollment was compared with the number of hospita-
lizations and days in hospital during the follow-up period.
Additionally, our goal was to analyze changes in patients’
perceived QoL using a generic scale and a specific questionnaire
for HF at the outset and at the end of the study. Finally, we aimed to
compare the use of a telemedicine system with and without self
monitoring.
Please cite this article in press as: Domingo M, et al. Noninvasive Rem
Effect on Number of Hospitalizations, Days in Hospital, and Quality o
Rev Esp Cardiol. 2011. doi:10.1016/j.rec.2010.10.032
METHODS

Design and Study Population

We conducted a prospective intervention study with before/
after comparison design of an interactive telemedicine platform in
a multidisciplinary HF program of a university hospital. This is a
structured unit receiving two thirds of its patients from the
cardiology department and the rest from internal medicine and
emergency departments. All patients are followed up at regular
predefined intervals, with additional visits as required in case of
decompensation, and all provided written informed consent for
the analysis of clinical data for research purposes. The regular
schedule of visits include a minimum of quarterly visits with
nurses, biannual visits with physicians, and elective visits with
geriatricians, psychiatrists, and rehabilitation physicians. A weight
chart is kept by each patient and reviewed at every visit. Face-to-
face education is reinforced with printed leaflets for patients and
relatives, and with posters in the waiting room that alert patients
to the signs of worsening HF.11

Consecutive outpatients attended in the HF unit between July
2007 and December 2008 were invited to participate in the study.
Inclusion criteria were: a) age > 18 years; b) New York Heart

Association functional class II–IV; c) permanent residence (the
patient’s or the home of a family member/friend); d) in-home access
to a television; and e) understanding and being able to adequately
carry out self monitoring at home. Patients with a life expectancy of
less than 1 year, patients participating in another study, or those who
did not give consent to participate in this study were excluded. The
study patients were assigned to 2 groups, A and B, following 1:1
simple and blinded randomization. Group A utilized the Motiva
System (educational videos, motivational messages, questionnaires)
with no self-monitoring equipment; Group B utilized the Motiva
System + self-monitoring tools (Motiva Plus).

The study complies with the requirements of the Declaration of
Helsinki, and was approved by the hospital’s ethics committee. All
participants gave their written consent.

Upon enrollment, the following information was collected and
recorded: a) demographic characteristics, baseline clinical status,
and treatment; b) hospitalizations in the previous year and
number of days in hospital for HF and other cardiac causes; c)
physical examination data; d) patients’ perception of QoL using the
EuroQoL visual analogue scale (EQ-VAS)12 and the Minnesota
Living With Heart Failure Questionnaire (MLWHFQ)13 (the EQ-VAS
scale scores 0-100, being 0 the worst and 100 the best perception of
QoL, while the MLWHFQ scores 0-105, being 0 the best and 105 the
worst perception of QoL); and e) knowledge of the disease and
degree of compliance in blood pressure and weight self-monitor-
ing, as well as other measures of health education. After the initial
visit, a remote telemonitoring system was installed in the home of
study participants.

All patients continued their routine follow-up visits at the unit
at the established intervals and at the end of the study.
Hospitalizations and length of stay within the 12 months prior
to enrollment and during the 12-month follow-up period utilizing
telemedicine were compared. Furthermore, QoL and the usability
of the system were evaluated at enrollment and after 12 months.
ote Telemonitoring for Ambulatory Patients With Heart Failure:
f Life. CARME (CAtalan Remote Management Evaluation) Study.
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Hospitalization data were obtained reviewing the electronic
clinical history from the Catalan Institute of Health.

Remote Telemonitoring System

The Motiva telemedicine system (Philips) is an interactive
platform that transmits data via a broadband Internet connection
from the patient’s home (using the patient’s television) to a
workstation at the hospital’s HF unit. The system allows for
sending information from the medical staff performing the
telemonitoring, which was displayed in Spanish on the patient’s
television (educational videos, questionnaires to establish the
patient’s baseline status, personalized messages and alarms) and
deployment of automated self-monitoring equipment (scale and
sphygmomanometer) in the patient’s home to record weight, heart
rate, and blood pressure; these data are presented graphically on
the patient’s television and are transmitted, analyzed, and
presented to the health care staff supporting the patient via a
dedicated web application (Fig. 1).

Patients randomized to the self-monitoring group were
instructed to record their weight, blood pressure, and heart rate
each morning before breakfast.

Patients were sent 20 videos covering topics such as: disease
overview (symptoms, daily care, etiology), medication (changes in
therapy, compliance), doctors’ visits, relapse prevention, choles-
terol management, hypertension, lifestyle (physical activity, family
and friends, emotional control, travel, stress), nutrition (eating out,
liquids, low salt diet), vaccinations, and alcohol consumption. In
addition, patients were given 18 videos containing real-life patient
interviews.
Motiva

SurveysHealth education

Figure 1. Telemonitoring tools used through a patient’s television. The bottom line s

of vital signs, as visualized at the heart failure unit workstation.

Please cite this article in press as: Domingo M, et al. Noninvasive Rem
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Questionnaires were sent to patients periodically at pre-
established times, using their television: weekly (edema), every
2 weeks (fatigue and new symptoms, or compliance in arterial
hypertension and diabetes), monthly (changes in medication or
hospital visits), or quarterly (MLWHFQ and EQ-VAS).

Statistical Analysis

To compare changes in the number of hospitalizations and days
in hospital between the two study groups, a sample size of 58
patients was necessary for a 50% reduction in one group and a 25%
reduction in the other, with 5% and 20% alpha and beta errors,
respectively. This sample (116 patients) allowed for estimation of a
total prevalence of 50% with 10% accuracy. The sample was
oversized in 80% to prevent dropouts and rejections.

Data were compared between groups using the x2 test for
categorical variables and Student’s t-test for continuous variables;
nonparametric analyses were used for non-Gaussian variables.
Comparison of data before and after inclusion in the telemedicine
program was carried out using the Student’s t-test for paired data.
The Wilcoxon test for paired data was used to compare QoL
questionnaires. All of the comparisons were bilateral and
performed with an alpha error of 5%. The Stata 11 statistical
package was used for data analysis.

RESULTS

We interviewed 211 consecutive patients, of whom 44 (20.8%)
did not meet the inclusion criteria and 62 (29.4%) did not wish to
Feedback Messages

hows the telemonitoring equipment for weight and blood pressure and a graph

ote Telemonitoring for Ambulatory Patients With Heart Failure:
f Life. CARME (CAtalan Remote Management Evaluation) Study.
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Patients interviewed
N = 211

44 patients did not meet inclusion criteria
62 patients did not wish to participate

Patients randomized
N = 105

Patients included
N = 97

8 patients retracted their consent before
installation

5 patients were voluntarily de-installed
before 2 months of follow-up

Patients evaluated
N = 92

17 patients discontinued voluntarily 
(3 patients died afterwards) 

5 withdrew consent for last evaluation
2 patients died during follow-up 

Group A
N = 48

Group B
N = 44

68 patients
Evaluation of quality of life

92 patients
Analysis of hospitalizations

and days-in-hospital

Figure 2. Study flow chart.
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participate in the study (Fig. 2). Of the 105 patients that initially
consented to participate in the study, 13 retracted their consent
before installation of the telemedicine system (8 patients) or less
than 2 months after installation (5 patients), a telemonitoring time
considered too short to have an impact on study variables, and were
excluded from the analysis (Fig. 2). Therefore, 92 patients (71%
male), with a mean age of 66.3� 11.5 years, were included in the
study. Forty-eight patients were randomized into Group A and 44 into
Group B. Patients’ demographic and clinical characteristics were
similar between groups, as shown in Table 1. There were no differences
between initial and final doses of betablockers and angiotensin-
converting enzyme inhibitors or angiotensin II receptor blockers.

Real-time remote home telemonitoring management was
achieved for 11.8 months (interquartile range 8.6-12). Seventeen
patients (9 in Group A and 8 in Group B) wished to discontinue the
telememonitoring program after a mean 5.1 � 2.3 months of follow-
up (3 of them died after voluntary discontinuation of the telemonitor-
ing program). Two other patients died during the evaluation period
(Fig. 2). The main causes for discontinuation were patient rejection of
the telemonitoring program and technical incidents related to the
system. Four patients lived alone and none discontinued the program.
During the follow-up period, 14,730 questionnaires were sent, with a
median response compliance of 89% (interquartile range 58%-99%).
There were no differences (P = .54) in response compliance between
groups A (median 87.2% [interquartile range 58.3-98.2]) and B (median
91.2% [interquartile range 55.5-99.4]). Self-monitoring compliance for
Please cite this article in press as: Domingo M, et al. Noninvasive Rem
Effect on Number of Hospitalizations, Days in Hospital, and Quality o
Rev Esp Cardiol. 2011. doi:10.1016/j.rec.2010.10.032
patients randomized to Group B was 76%� 19% for weight and
71%� 22% for blood pressure. In 80% or more days of telemonitoring,
51.1% and 44.2% of patients monitored weight and blood pressure,
respectively. During follow-up, 283 cardiologist visits and 474 nurse
visits were performed, with significant differences between groups A
and B (108 vs 175, P = .001; and 197 vs 277, P = .002, respectively).

The number of hospitalizations for HF decreased from 28 to 9 (2
were in home care) (67.8%, 95% confidence interval: 58.2%-77.4%,
P = .010) and for other cardiac causes from 26 to 11 (57.6%, 95%
confidence interval: 47.4%-67.8%, P = .028) (Fig. 3A). The number of
days in hospital for HF also decreased significantly, from 259 to 69
(73.3%, 95% confidence interval: 64.2%-82.4%, P = .036), and for
other cardiac causes from 387 to 66 days (82.9%, 95% confidence
interval: 75.2%-90.6%, P = .008) (Fig. 3B). The relative reductions in
hospital admissions for HF were not significantly different
between groups (70% vs 67% for groups A and B, respectively;
P = .420) (Fig. 4). However, in terms of absolute change, only
patients from Group B showed a significant reduction, from 18 to 6
(P = .027). When the number of days in hospital are considered,
again the change, assessed as relative reduction between groups,
did not achieve statistical significance (53.8% vs. 83.9% in groups A
and B, respectively, P = .263) (Fig. 4); as with the number of
hospitalizations, the number of days in hospital for HF decreased
significantly only in Group B (from 168 to 27, P = .037).

Hospitalizations for other cardiac causes decreased from 17 to 6
in Group A (64.7%; P = .026) and from 9 to 5 (44.4%; P = .4) in
ote Telemonitoring for Ambulatory Patients With Heart Failure:
f Life. CARME (CAtalan Remote Management Evaluation) Study.
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Table 1
Demographic Characteristics, Baseline Clinical Status, and Treatments

Total Group A (Motiva) Group B (Motiva Plus) P value

Patients 92 48 44

Age (years) 66.3�11.5 66.0�12.1 66.7�11.0 .76

Age>70 years 37 (40.2%) 20 (41.7%) 17 (38.6%) .77

Female sex 27 (29.3%) 10 (20.8%) 17 (38.6%) .06

Primary or lower educational level 63 (68.5%) 34 (70.8%) 29 (65.9%) .62

Etiology

Ischemic heart disease 65 (70.6%) 37 (77.1%) 28 (63.6%) .16

Idiopathic dilated cardiomyopathy 13 (14.1%) 5 (10.4%) 8 (18.2%) .37

Hypertensive heart disease 2 (2.2%) 1 (2.1%) 1 (2.3%) 1.00

Valvular 5 (5.5%) 1 (2.1%) 4 (9.1%) .19

Others 7 (7.6%) 4 (4.2%) 3 (2.3%) .78

Time of HF in months 64�52 62�45 67�60 .62

LVEF 36%�14% 37%�14% 35%�13% .52

Functional class .79

II 75 (81.5%) 40 (83.3%) 35 (79.5%)

III 17 (18.5%) 8 (16.7%) 9 (20.5%)

Comorbidities

Hypertension 52 (56.5%) 28 (58.3%) 24 (54.5%) .71

Diabetes mellitus 39 (42.4%) 20 (41.7%) 19 (43.2%) .88

COPD 16 (17.4%) 7 (14.6%) 9 (20.5%) .58

Peripheral vascular disease 13 (14.1%) 10 (20.8%) 3 (6.8%) .07

Therapy

ACE/ARB 79 (85.9%) 40 (83.3%) 39 (88.6%) .47

Beta blockers 86 (93.5%) 45 (93.8%) 41 (93.2%) .91

Spironolactone/Eplerenone 42 (45.7%) 21 (43.8%) 21 (47.7%) .70

Loop diuretic 75 (81.5%) 37 (77.1%) 38 (86.4%) .25

Digoxin 32 (34.8%) 15 (31.3%) 17 (38.6%) .46

Statins 61 (61.3%) 33 (68.8%) 28 (63.6%) .60

Anticoagulants 31 (33.7%) 15 (31.3%) 16 (36.4%) .60

ASA 50 (54.3%) 27 (56.3%) 23 (52.3%) .70

CRT� ICD 20 (21.7%) 14 (29.1%) 6 (13.6%) .07

Hospitalizations in previous year

HF 28 10 18 .21

Cardiac: no HF 26 17 9 .19

Days in hospital in previous year

HF 259 91 168 .30

Cardiac: no HF 387 131 256 .21

ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists; ASA, acetylsalicylic acid; COPD, chronic obstructive pulmonary disease; CRT,

cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction.

Data are expressed as mean � standard deviation or n (%).
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Figure 3. A: Hospitalizations for heart failure and for other cardiac causes the year prior to enrollment and during follow-up. B: Days in hospital for heart failure and
other cardiac causes the year prior to and during follow-up. HF, heart failure.
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Group B. The differences between the 2 groups were not significant
(P = .35). The length of hospital stay for other cardiac causes
decreased similarly in both groups: from 132 to 21 days in Group A
(83.9%) and from 256 to 45 days (82.4%) in Group B (P = .33).
Please cite this article in press as: Domingo M, et al. Noninvasive Rem
Effect on Number of Hospitalizations, Days in Hospital, and Quality o
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Changes in the perception of QoL were analyzed in patients that
attended the final visit and completed the final questionnaires. At
the outset of the study, the scores obtained were 47.0 � 24.5 for the
EQ-VAS scale and 12.5 [interquartile range 5-25] for the MLWHFQ. In
ote Telemonitoring for Ambulatory Patients With Heart Failure:
f Life. CARME (CAtalan Remote Management Evaluation) Study.
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the final visit, the scores were 65.0 � 15.7 for the EQ-VAS scale and
8.5 [interquartile range 4-15] for the MLWHFQ. Figure 5 shows the
improvement in the perceived QoL in 72% (95% confidence interval:
61.2%-82.8%, P < .001) of the patients for the EQ-VAS scale (P < .001)
and in 62% (95% confidence interval: 50.4%-73.6%, P = .005) of the
patients for the MLWHFQ. Upon analyzing the physical and mental
dimensions of the MLWHFQ data, we found that the most significant
improvement occurred in the physical dimension (P = .007; Fig. 5).
There were no statistically significant differences in QoL improve-
ment between Groups A and B: 61.7% and 82.3% of patients improved
in the EQ-VAS scale (P = .165) and 64.7% and 58.8% in the MLWHFQ
(P = .690), respectively.

Although not an objective of this before/after comparison study,
we were able to compare the outcome between participants and
nonparticipants for the 75 patients who refused the invitation to
participate in the study (including the 5 patients that dropped out
EQ-VAS

P<0.001

72%

Physical di

29%

12%

P=0.00

15%

13% Worse
Equal
Better

Figure 5. Quality of life scores (final scores compared with initial scores) for EuroQo
EQ-VAS, EuroQoL visual analogue scale; MLWHFQ, Minnesota Living With Heart F
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of the study within the first 2 months). As shown in Table 2, the 2
groups were similar in demographics, clinical status and therapy,
with only a slight increase in ischemic etiology among participants
(P = .049). Nonparticipants had fewer hospitalizations for HF
during the previous year (28 vs 9; P = .054), but the number of
hospital admissions in this group increased during the study
period by 55%, as well as the number of days in hospital, which rose
by 30.9%. The differences between groups were clearly significant
for the number of hospitalizations (P = .006) and borderline
significant for days in hospital (P = .075). The mortality rate was
almost 3-fold higher among nonparticipants, yet not statistically
significant (5.4% vs 9.3% in participants and nonparticipants,
respectively; P = .33), likely due to the small number of cases.

DISCUSSION

This study shows that a telehealth system combining self
monitoring with motivational support tools and added to
comprehensive multidisciplinary HF care is able to reduce the
number of hospitalizations and days in hospital both for HF and
other cardiac causes in HF patients. This result is especially
relevant taking into account that HF units already reduce the
number of hospitalizations7,14 and the effect of new tools, in this
case remote management, provided to patients that already
received multidisciplinary interventions, optimized treatment,
and health education.15 Indeed, the individuals included in our
study were ambulatory patients who regularly attended a
scheduled consult in a HF unit, in contrast to other published
studies in which patients were enrolled immediately following
hospital discharge.16–18 This difference in inclusion criteria and
the dramatic reduction in hospitalizations found in this study
might suggest that patients who are better treated and educated
regarding their disease benefit the most from remote tele-
monitoring.
MLWHFQ

P=0.005

31%

7%

62%

mension

59%
24%

32%

44%

7 P=0.051

Mental dimension

Worse
Equal
Better

Worse
Equal
Better

L visual analogue scale and Minnesota Living With Heart Failure Questionnaire.
ailure Questionnaire.
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Table 2
Patient Demographics, Baseline Clinical Status, and Treatments

CARME Study

Participants

CARME Study

Non Participants

P value

Patients 92 75

Age (years) 66.3�11.5 68.9�17 .19

Age>70 years 44 (47.8%) 44 (58.7%) .16

Female sex 27 (29.3%) 23 (30.7%) .85

Etiology

Ischemic heart disease 65 (70.6%) 42 (56.0%) .049

Idiopathic dilated cardiomyopathy 13 (14.1%) 9 (12.0%) .69

Hypertensive cardiopathy 2 (2.2%) 4 (5.3%) .28

Valvular 5 (5.5%) 7 (9.4%) .33

Others 7 (7.6%) 13 (17.3%) .054

Time of HF (months) 64�52 76�61 .18

LVEF 36%�14% 40%�15% .08

Functional class .53

II 75 (81.5%) 61 (81.3%)

III 17 (18.5%) 13 (17.3%)

IV 0 (0.0%) 1 (1.3%)

Comorbidities

Hypertension 52 (56.5%) 36 (48.0%) .27

Diabetes mellitus 39 (42.4%) 27 (36.0%) .40

COPD 16 (17.4%) 20 (26.7%) .21

Peripheral vascular disease 13 (14.1%) 11 (14.7%) .92

Therapy

ACE or ARB 79 (85.9%) 65 (86.7%) .73

Beta blocker 86 (93.5%) 65 (86.7%) .14

Spironolactone/Eplerenone 42 (45.7%) 24 (32.0%) .07

Loop diuretic 75 (81.5%) 61 (81.3%) .98

Digoxin 32 (34.8%) 17 (22.7%) .09

Statins 61 (61.3%) 44 (58.7%) .31

Anticoagulants 31 (33.7%) 20 (26.7%) .33

ASA 50 (54.3%) 42 (56.0%) .83

CRT� ICD 20 (21.7%) 11 (14.7%) .24

Hospitalizations in previous year

HF 28 9 .054

Cardiac: no HF 26 17 .56

Days in hospital in previous year

HF 259 113 .27

Cardiac: no HF 387 128 .09

ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor antagonists; ASA, acetylsalicylic acid; COPD, chronic obstructive pulmonary disease; CRT,

cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction.

Data are expressed as mean� standard deviation or n (%).
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Current reports show that telemonitoring systems are asso-
ciated with a trend toward improvement in morbidity, although
the monitoring system which is best suited for each patient
remains to be determined.9,19,20 In fact, discrepancies in the results
obtained with different kinds of telemedicine is not surprising,
given the differences in population, type of telemonitoring system
used, and follow-up of the various studies.10,21 Some studies have
obtained results contrary to ours with respect to reduced
hospitalizations for HF. The TEN-HMS16 study, which compared
a telemonitoring system with telephone support and usual care,
showed that telemonitoring was associated with a tendency,
though not significant, toward increased hospitalizations for HF
(although with shorter in-hospital stays) when compared to
monthly telephone support. This was explained in part by the early
detection of decompensation facilitated by telemonitoring, which
helped in the planning for hospital admissions and discharges, and
the ease of use for this system concerning follow-up and control of
ambulatory treatment.

A more recent study, HOME-HF,22 that implemented a
telemonitoring program including self-monitoring equipment
and questionnaires, did not exhibit a decrease in the time to first
admission for patients in the telemonitoring arm compared with
patients who followed usual care. On the other hand, the SHL,23 the
Please cite this article in press as: Domingo M, et al. Noninvasive Rem
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Benatar et al.24, and SPAN-CHF25 studies obtained similar results to
those presented in this study regarding the decrease in hospita-
lizations for HF, although in the latter 2 studies the follow-up
period was only 3 months.

Although intended for patients with HF, our results were also
positive regarding the decrease in admissions due to other cardiac
causes; telemonitoring most likely allowed for early evaluation
and treatment of symptoms through the bi-directional commu-
nication established between the patient and health care provider,
either by telephone or through the information received
(responses to the questionnaires and self monitoring). These
results have also been obtained via methods such as telephone
follow-up, with or without 24 h telephone assistance.17 Never-
theless, in other studies such as WHARF,18 one of the first studies to
evaluate a remote disease management program in which a
telemonitoring program (with self monitoring and questionnaires)
was compared with care given in a HF program, a decrease in
cardiac hospitalizations was not obtained.

Another aspect of our study that should be highlighted is the
decrease in days in hospital for HF and for other cardiac causes.
Such a reduction has also been observed in other studies that
included self-monitoring equipment,23,24 and we believe it is due
to the early detection and treatment of decompensation. This
ote Telemonitoring for Ambulatory Patients With Heart Failure:
f Life. CARME (CAtalan Remote Management Evaluation) Study.
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result is particularly relevant at present, when the availability of
beds is a frequent limitation in public hospitals. It is remarkable
that patients with self-monitoring equipment were admitted less
often but required more visits to the unit, both with nurses and
cardiologists. It is unclear whether these extra visits were directly
related to the telemonitoring program.

A significant increase in patients’ perceived QoL was also found
in our study. Here, QoL was assessed both with a specific HF
questionnaire, the MLWHFQ, and a generic analogue scale, the EQ-
VAS, after 1 year of follow-up. Other studies found a trend toward
better QoL, although the trend did not reach statistical signifi-
cance.18,22,24 In this study, the comparison of paired data allowed
us to observe that a majority of patients perceived improvement in
their QoL, especially in the physical dimension.

The number of voluntary de-installations in our study (22.7%) is
worth noting, and differs from previous studies such as TEN-
HMS,16 with only 7% in the telemonitoring arm, WHARF18 (11.4%),
or HOME-HF,22 with only 1 of 84 patients withdrawing. Our belief
is that the unwillingness to participate in this type of study is
primarily a cultural or educational issue specific to our population
cohort, perhaps still unfamiliar and uncomfortable with electronic
systems.

In analyzing compliance in terms of responding to question-
naires and carrying out self-monitoring measures, we observed
that the response rate for the questionnaires was high (89%)
compared with self-monitoring of weight (76%) and blood pressure
(71%). It is noteworthy that only 51.1% and 44.2% of patients
controlled their weight and blood pressure, respectively, on 80% or
more of the days of telemonitoring, in contrast to other studies in
which the degree of compliance ranged from 80% in the HHH26

study or 81% in the TEN-HMS16 study (although only 55% achieved
a compliance of twice daily, as instructed) and HOME-HF,22 in
which 95% of patients utilized the system on more than 90% of the
days. We did not find a plausible explanation for this worse
compliance, beyond the longer duration of our study, and we can
only hypothesize that, as in the case of patients who discontinued
the study, there could be a cultural or educational component, or
perhaps patients without a previous admission were less
motivated. There is also no clear explanation for the fact that,
despite the lower self-monitoring compliance, the decrease in
hospital admissions was comparatively more pronounced in our
study than in the other studies mentioned.

The main limitations of this study are those inherent to the
before/after comparison design, and to the fact that these study
patients attended a structured multidisciplinary HF unit, with
treatment optimization and health education, making it impos-
sible to extrapolate these results to other HF patients who were not
so closely controlled. Moreover, patients treated in tertiary
hospitals are usually selected patients, generally younger than
the general population with HF. On the other hand, patients
without TV or not being able to adequately carry out home self-
monitoring were also excluded, which eventually could have
altered the results.

CONCLUSIONS

The Motiva telemonitoring system significantly reduced the
number of hospitalizations and days in hospital for HF and other
cardiac causes in patients controlled in a structured multi-
disciplinary HF unit. Although telemonitoring with self-monitor-
ing equipment (scale and sphygmomanometer) showed an 83.9%
reduction in days in hospital for HF whereas telemedicine without
self-monitoring produced a 53.8% reduction, this difference did not
reach statistical significance. In order to determine which patients
might benefit more from a particular telemonitoring system, a
Please cite this article in press as: Domingo M, et al. Noninvasive Rem
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larger sample, allowing for subgroup analysis, is required. Finally,
patients significantly improved their perceived QoL, particularly in
the physical dimension.
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