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Abstract

Introduction

The aim of our study was to perform an economic assessment in order to check whether or
not telemonitoring of users with pacemakers offers a cost-effective alternative to traditional
follow-up in outpatient clinics.

Methods

We used effectiveness and cost data from the NORDLAND trial, which is a controlled, ran-
domized, non-masked clinical trial. Fifty patients were assigned to receive either telemoni-
toring (TM; n = 25) or conventional monitoring (CM; n = 25) and were followed up for 12
months after the implantation. A cost-utility analysis was performed in terms of additional
costs per additional Quality-Adjusted Life Year (QALY) attained from the perspectives of the
Norwegian National Healthcare System and patients and their caregivers.

Results

Effectiveness was similar between alternatives (TM: 0.7804 [Cl: 0.6864 to 0.8745] vs. CM:
0.7465 [Cl: 0.6543 to 0.8387]), while cost per patient was higher in the RM group, both from
the Norwegian NHS perspective (TM: €2,079.84 [CI: 0.00 to 4,610.58] vs. €271.97 [CI:
158.18 to 385.76]; p = 0.147) and including the patient/family perspective (TM: €2,295.91
[CI: 0.00 to 4,843.28] vs. CM: €430.39 [Cl: 0.00 to 4,841.48]), although these large differ-
ences—mainly due to a few patients being hospitalized in the TM group, as opposed to
none in the CM group—did not reach statistical significance. The Incremental Cost—Effec-
tiveness Ratio (ICER) from the Norwegian NHS perspective (€53,345.27/QALY) and

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020

1/17


http://orcid.org/0000-0003-0815-5421
http://orcid.org/0000-0001-7783-4984
https://doi.org/10.1371/journal.pone.0226188
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0226188&domain=pdf&date_stamp=2020-01-29
https://doi.org/10.1371/journal.pone.0226188
https://doi.org/10.1371/journal.pone.0226188
http://creativecommons.org/licenses/by/4.0/

@ PLOS|ONE

Economic assessment on telemonitoring of users with pacemakers

number PI/0256/2017, under the research call
“Development and Innovation Projects in the Field
of Biomedicine and Health Sciences,” 2017. The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

including the patient/caregiver perspective (€55,046.40/QALY), as well as the Incremental
Net Benefit (INB), favors the CM alternative, albeit with very broad 95%Cls. The probabilistic
analysis confirmed inconclusive results due to the wide Cls even suggesting that TM was
not cost-effective in this study. Supplemental analysis excluding the hospitalization costs
shows positive INBs, whereby suggesting a discrete superiority of the RM alternative if hos-
pitalization costs were not considered, albeit also with broad Cls.

Conclusions

Cost-utility analysis of TM vs. CM shows inconclusive results because of broad confidence
intervals with ICER and INB figures ranging from potential savings to high costs for an addi-
tional QALY, with the majority of ICERSs being above the usual NHS thresholds for coverage
decisions.

Trial registration
ClinicalTrials.gov NCT02237404.

Introduction

Current guidelines call, after the period immediately following an implantation, for one to
four follow-up visits per year for a standard user with a pacemaker [1,2]. Accordingly, the
interval between scheduled follow-up visits after pacemaker (PM) implantation in a European
survey was 12 months in 55% of centers, 6 months in 35%, and 3 months in 10% [3]. Because
of increasing patient numbers [4], mainly caused by an increase in the incidence and preva-
lence of atrial fibrillation and chronic heart failure [5], routine follow-up of cardiac implant-
able electronic devices (CIEDs) contributes a significant burden to already overloaded PM
consultations in terms of the time spent on human resources, as well as to patients and their
caregivers because of travel costs, time, and work losses [6,7].

Telemonitoring (TM) or remote monitoring systems of pacemakers could allow access to
an evaluation of the device, the patient’s clinical status, cardiovascular events, and, when
required, changes in medication with a lower consumption of time and medical resources and
greater comfort for patients and their caregivers [8]. Several studies have shown that TM rep-
resents a safe, effective and cost-saving way in which to significantly reduce in-office follow-up
visits and lower the burden for both hospitals and patients and their caregivers [9-16]. Besides,
TM has been associated with high patient acceptance and satisfaction, as well as increased
adherence to programmed follow-up [17-19]. In spite of this evidence, TM of users with pace-
makers is not universally adopted [20-22] and even hospitals that have incorporated this tech-
nology into routine clinical practice for other CIEDs do not routinely use it for pacemakers
[23].

Cost-utility and cost-effectiveness analyses help to quantify the value of new interventions,
informing both medical decision making and public policy [24,25]. Although in the last years,
economic assessments of CIEDs have increased [26-34], the number of cost-utility analyses
used to assess outcomes in terms of utility or quality-adjusted life years (QALYs) is scarce [35],
especially in PM devices [36,37], needing more health economic studies to determine the value
(the relationship between additional QALY achieved and additional costs incurred) of sys-
tematic remote monitoring in users with pacemakers.
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Furthermore, the majority of previous studies are non-randomized, which introduces the
potential bias of selecting patients who are prone to the use of these technologies for some rea-
son, whereby biasing comparisons with traditional alternatives. The Nordland study [38,39],
with the accompanying economic evaluation, was designed to prospectively compare the effec-
tiveness and cost-utility of pacemaker telemonitoring in relation to conventional hospital
monitoring.

Material and methods

Study design and population

The NORDLAND study was designed as an open-label, 1:1, randomized, non-masked, con-
trolled trial (S1 Appendix) to compare health-related quality of life (HRQoL) and costs
with respect to the follow-up of users with an implanted PM who are assigned either tele-
monitoring—through electronic data transmission (intervention group, TM)—or conven-
tional follow-up visits in the hospital (control group, CM) with 12 months’ follow-up from
the date of implantation, and includes an associated cost-utility analysis. Detailed
information on the trial’s design, inclusion and exclusion criteria, population characteris-
tics, and the HRQoL preliminary results have been published elsewhere [38,39]. Briefly,
between August 2014 and October 2015, 50 patients were randomized to either TM

(n =25) or CM (n = 25) in Nordland Hospital (Fig 1), which is a center with a pacemaker
specialized unit serving a population of 170,000 inhabitants of Bode (Nordland, Arctic Cir-
cle, Norway) that performs around 80-90 pacemaker implantations per year. According to
their diagnosis, patients received either a single-chamber (VVIR) or a dual-chamber
(DDDR) pacemaker.

Deceased patients were assigned a value of zero in the HRQoL assessments following death.
HRQoL: Health-Related Quality of Life; PM: Pacemakers.

The primary outcome in the Nordland efficacy trial was concerned with the HRQoL utility
weights at 12 months as assessed by the EQ5D-3L. The sample size, which was limited by the
capacity of patient enrollment in the hospital, was calculated to detect a difference between
groups of 0.13 points (20%) in EQ5D-3L utilities at the 12th month (the minimum clinically
important difference for the EQ5D has been estimated to be between 0.05 and 0.20 according
to different studies) [40], assuming a standard deviation of 0.20 with an alpha error of 0.05, as
well as a power of 0.80 for a bilateral test, and a 10% of estimated follow-up losses. No adjust-
ments for multiple comparisons were considered (S2 Appendix, shows the trial data collection
forms translated into English from Norwegian).

Ethics approval and consent to participate

The protocol was approved by the Regional Ethics Committee-REK Nord, Tromse, Norway
(Committee reference number: 2014/383/REK Nord, March 04, 2014). The study was devel-
oped in accordance with the precepts of the Declaration of Helsinki. All patients signed the
corresponding informed consent prior to their enrollment (range for patient recruitment
and follow-up: August 31, 2014 to November 30, 2016) and appropriate measures were
taken in order to ensure data privacy. The trial protocol was registered at ClinicalTrials.gov
Identifier: NCT02237404 (S1 Appendix). As the confirmation of the study registration was
delayed (September 11, 2014), in order to follow the agreement with the hospital and its eth-
ics committee, the enrolment of the first participant started twuelve days before (August 31,
2014). The authors confirm that all ongoing and related trials for this intervention are
registered.
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Assessed for eligibility (n=76)

Excluded (n=26)
[ Enroliment ] —» *  Not meeting inclusion criteria (n=14)
* Declined to participate (n=12)

\ 4

f Randomized (n=50) 1 Randomization
Telemonitoring Conventional Monitoring ( HRQolL Basal N
(n=25) (n=25) . (PMimplant)
n(alive) = 25 n(alive) = 24 HRQolL 1°* month of
n(dead) =0 n(dead) =1 follow-up
n(alive) = 25 n(alive) = 24 HRQol 6" month of
n(dead) =0 n(dead) =1 follow-up
n(alive) = 23 n(alive) = 23 HRQolL 12" month
n(dead) =2 n(dead) =2 of follow-up

Fig 1. Flow diagram (CONSORT) of the study.
https://doi.org/10.1371/journal.pone.0226188.9001

Alternatives

Intervention group. Patients assigned to the remote monitoring group received either a
Biotronik Estella SR-T/DR-T or a Biotronik Evia SR-T/DR-T equipped with additional storage
capacity and a small RF antenna—the CardioMessenger—for wireless communication and
data transmission from the implant to a wireless patient device. Home monitoring was per-
formed through the Biotronik Home Monitoring™ system, which is an internet-based remote
monitoring service for users with Biotronik implantable heart devices. Every night, the Cardio-
Messenger automatically collects and transmits encrypted health information to the Biotronik
service center through the use of the global network of T-Mobile and its partners (GPRS). The
transmitted patient data are collected, automatically analyzed, and filtered at the Biotronik
Home Monitoring Service Center, according to patients’ needs as defined by their physician.
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Health and system-related issues are ranked and marked in order of importance. All event and
trend reports can be accessed and reviewed on a protected online platform. Furthermore,
according to preset definitions, the physician can receive automatic warnings (e.g., via email
or text message) concerning safety issues such as premature battery depletion, lead fracture,
and so on.

Control group. Patients assigned to the conventional monitoring group received either
one of the aforementioned Biotronik pacemakers, a St. Jude Medical Endurity SR/DR or a
Sorin Reply 200 SR/DR.

Health-related quality of life

The EuroQol five-dimension three-level questionnaire (EQ5D-3L) [41] (Norwegian version)
was administered at the baseline (prior to the pacemaker implantation), at 1 month after the
pacemaker’s implantation, and at 6 and 12 months of follow-up. Because EQ5D-3L Norwegian
preference weights do not exist, we use Spanish weights to convert responses into single utility
indices between -1 (the poorest imaginable health state) and 1 (perfect health), with death
being anchored at a value of zero. There were no missing data in any of the successive surveys
except for in the case of deceased patients, to whom the value of zero was assigned. QALY
were estimated as the area under the health utility curve over time through the use of linear
interpolation between the weights of observations at 1, 6 and 12 months (or zero if the corre-
sponding weight was missing due to the death of one participant) [42].

Costs

In the main analysis, resources were measured from the perspective of the Norwegian National
Healthcare System (NHS), but in secondary analysis we added a partial societal perspective
including some patient/caregiver costs. The NORDLAND study included the following costs:
a) physician, b) consultation room, c) ambulance, and d) hospitalizations related to the pace-
maker implantation (S1 Table). All costs were provided by the Account Unit of Nordland Hos-
pital and the standard time consumption for the two groups of follow-up was reported by the
cardiology department. PM recipients and the hospitalization costs related to the device
implantation were not included because are previous to the start of follow-up and independent
and very similar for both alternatives. Depreciation costs for hospital equipment and instru-
ments used in the follow-up of patients with a PM were not taken into account because they
had been amortized previously. In all cases, costs were converted to euros of 2015 according to
the exchange rates in that year (1 euro ~ 9.35 Norwegian crowns). Because the follow-up period
was limited to 12 months, an annual discount rate was not applied to the costs or benefits.

From the patient/caregiver perspective the following costs were taken into account: a)
transportation (focusing on costs of taxis, buses, planes, trains, and patients’ private transpor-
tation), and b) the employment income loss with respect to the time spent during every in-
office visit to hospital. In this case, patients’ and/or caregivers’ time spent during every visit
(including travel time, waiting-room time and visit time) was considered. For caregivers, a
€15/hour salary was adopted, corresponding to what a caretaker (home assistance) would earn
per hour in Norway in 2015 according to the information provided by the Hospital Account-
ing Department. Data were collected through questionnaires administered to users during
every visit to hospital or via telephone (S2 Appendix).

Statistical analysis

First, patients’ baseline characteristics, including EQ5D-3L utility at the baseline and at month
1, and the possible differences between groups were compared with descriptive statistical
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analysis using mean differences for continuous variables and y2 (replaced by the Fisher exact
test when there were cells with fewer than five cases) for qualitative variables. Second, costs
(visits, travel, physician time, hospitalization days, etc.), costs per patient, and outcomes
including EQ5D-3L utility weights at 6 and 12 months, and QALYs were compared again
using mean differences for continuous variables and %2 (replaced by the Fisher exact test when
there were cells with fewer than five cases) for qualitative variables (S2 Table, shows the statisti-
cal distribution of the variables).

Finally, incremental costs, incremental QALYs, and the incremental cost-effectiveness
ratio (ICER), expressed as the incremental cost of gaining an extra QALY, were estimated.
Fieller’s 95% confidence interval (CI) estimation did not yield meaningful ICER confidence
limits and the resulting quadratic formula had only imaginary solutions with the Fieller confi-
dence region covering the entire cost—effectiveness plane [43,44]. Thus, we calculate the Incre-
mental Net Benefit (INB) with its corresponding 95%CI. The INB can be described as the
increase in the number of units of effectiveness multiplied by what we are willing to pay for a
unit of effectiveness (yielding the benefit of the increase in effectiveness as expressed in mone-
tary terms) minus the increase in cost, which leaves the incremental net benefit. The INB is
cost- effective if, and only if, positive (greater than zero) [45,46]. As the INB requires the speci-
fication of the willingness to pay (WTP) for a unit of effectiveness (1 QALY in our study), we
use thresholds of 30,000 and 50,000 euros per additional QALY, usually considered in Europe
for the incorporation of medicines or technologies into public coverage.

A probabilistic sensitivity analysis (using a parametric bootstrapping method with 10,000
simulations) was conducted in order to estimate the scatter and ellipse plots of incremental
costs vs. incremental QALYs, the cost-effectiveness acceptability curves (CEACs), as well as
the INB curve at different WTP thresholds with 95%Cls. Scatter and ellipse plots are figures
with incremental costs on the x-axis and incremental QALY on the y-axis, which show the
distribution of ICERSs generated by bootstrapping in a plane divided into four quadrants:
ICERs in the upper-right quadrant imply more effectiveness with higher expenses, the lower-
right quadrant would imply more effectiveness with lower expenditure (savings with improve-
ments in outcomes, known as “dominated” situations), and the quadrants to the left would
imply less effectiveness with lower (higher) expenditure or higher (lower) expense. The CEAC
and the INB curve show the probability of being cost-effective for each level of WTP.

Because of a small imbalance between the groups in the number of hospital admissions dur-
ing the follow-up (three in the remote monitoring group compared to none in the hospital
monitoring group) and the high cost of this resource, there was a non-significant yet relevant
disparity in the costs of both alternatives. Considering the possibility that this disparity could
be due to chance, an unplanned analysis was performed, repeating the cost-utility analysis but
excluding hospitalization costs (S3 and S4 Tables, S1 and S2 Figs).

Analyses were produced using STATA statistical software version 12 (StataCorp, College
Station, Texas) (S3 Appendix, for the “do” Stata file) and the HDS online calculator for ICER,
CEAC and INB probabilistic estimations (Health Decision Strategies, LLC) [47]. The CHEERS
checklist for economic evaluations of health interventions has been included in the supple-
mentary materials (54 Appendix).

Results
Patient baseline characteristics

Baseline data were published previously [38,39]. The mean age of the patients was 74.8 years
(CI: 71.50 to 78.18) and 48% were women, with no significant differences between both groups
(Table 1). Sick sinus syndrome and atrioventricular block were the main indications for PM
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Table 1. Patients’ clinical characteristics at baseline.

Age, mean (95%CI)

Men (n, %)

Pacing indication (n, %)

Sick sinus syndrome
Atrioventricular block

AF with bradycardia

Disease manifestations (n, %)
Syncope

Dizziness

Dyspnea

Stimulation (n, %)

DDDR

VVIR

Comorbidities (n, %)
Hypertension

Dyslipidemia

Coronary heart disease
Tachyarrhythmia

Diabetes mellitus

Obesity (BMI>30)

Other comorbidities

None

Quality of life, mean (95%CI)
EQ5D at month 0 (pre-implantation)

EQ5D at 1* month post-implantation

All Groups P
(n=50) TM (n = 25) CM (n = 25)
74.84 73.68 76.00 0.491
(71.50; 78.18) (67.81;79.55) (72.38; 79.62)
26 (52.00) 13 (52.00) 13 (52.00) 1.000
24 (48.00) 12 (48.00) 12 (48.00) 0.679
20 (40.00) 11 (44.00) 9 (36.00)
6 (12.00) 2 (8.00) 4(16.00)
14 (28.00) 8 (32.00) 6 (24.00) 0.812
25 (50.00) 12 (48.00) 13 (52.00)
11 (22.00) 5(20.00) 6 (24.00)
44 (88.00) 23 (92.00) 21 (84.00) 0.667
6 (12.00) 2 (8.00) 4 (16.00)
32 (64.00) 17 (68.00) 15 (60.00) 0.556
27 (54.00) 13 (52.00) 14 (56.00) 0.777
22 (44.00) $ (32.00) 14 (56.00) 0.087
18 (36.00) 7 (28.00) 11 (44.00) 0.239
6 (12.00) 0 (0.00) 6 (24.00) 0.022
1 (2.00) 0 (0.00) 1 (4.00) 1.000
18 (36.00) 11 (44.00) 7 (28.00) 0.725
10 (20.00) 6 (24.00) 4 (16.00) 0.377
0.7836 0.7544 0.8129 0.366
(0.7193; 0.8479) (0.6362; 0.8724) (0.7532; 0.8726)
0.7913 0.7609 0.8216 0.376
(0.7230; 0.8596) (0.6484; 0.8733) (0.7373; 0.9061)

TM: Telemonitoring group; CM: Conventional monitoring group; CI: Confidence interval; AF: Atrial fibrillation; DDDR: Bicameral pacemaker with two electrodes

placed in the atrium and in the ventricle; VVIR: Unicameral pacemaker with an electrode in the ventricle with the ability to modulate frequency of stimulation; BMI:
Body mass index; EQ5D: EuroQol-5D utility weights.

https://doi.org/10.1371/journal.pone.0226188.t001

implantation. Dizziness (50%) and syncope (28%) were the most frequent disease manifesta-
tions, and hypertension (64%), dyslipidemia (54%) and coronary heart disease (44%) the most
frequent comorbidities. No significant differences between groups were found except for dia-
betes mellitus (p = 0.022), which was more frequent in the CM group. As for EQ5D-3L utility,
basal (0.7836; CI: 0.7193 to 0.8479) and at month1 of the PM implantation (0.7913; CI: 0.7230
to 0.8596), no significant differences between both groups were found.

Healthcare utilization and costs

During the follow-up period (Table 2), users included in the TM group undertook a similar
amount of in-office visits (1.56 [CI: 1.25 to 1.87]) but more transmissions than in the CM fol-
low-up group (11.52 [CI: 10.08 to 12.96] vs. 1.56 [CI: 1.18 to 1.94], p<0.001) and consumed
more physician time (96.60 minutes [CI: 79.64 to 113.56] vs. 46.80 minutes [CI: 35.45 to
58.15]; p<0.001). Three patients were hospitalized in the TM group (in all cases related to the
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Table 2. Cost inputs, costs per patient year, and quality of life outcomes.

All Groups P
(n = 50) TM(®n=25 | CM(n=25)
Cost inputs, mean (95%CI)
In-office visits, patient/year 1.56 1.56 1.56 1.000
(1.25;1.87) (1.04; 2.08) (1.18;1.94)
PM transmission, patient/year 6.54 11.52 1.56 <0.001
(4.94; 8.14) (10.08; 12.96) (1.18; 1.94)
Physician time, min/patient 71.70 96.60 46.80 <0.001
(59.54; 83.86) (79.64; 113.56) (35.45; 58.15)
Hospitalization days 1.14 2.28 0.00 0.142
(0.00; 2.70) (0.00; 5.43) (0.00; 0.00)
Distance home/hosp., Km 74.88 93.08 56.68 0.206
(46.13; 103.63) (41.99; 144.16) (27.83; 85.53)
Patients’ time (travel & visits) 343.20 379.20 307.02 0.374
(262.70; 423.70) (236.98; 521.42) (222.21; 392.19)
NHS costs (€ 2015), mean (95%CI)
Physician 56.71 76.41 37.02 <0.001
(47.10; 66.33) (62.99; 89.83) (28.04; 45.99)
Consultation room 29.04 39.12 18.95 <0.001
(24.11; 33.96) (32.25; 45.99) (14.36; 23.55)
Hospitalization 904.16 1,808.31 0.00 0.142
(0.00; 2,137.90) (0.00; 4,311.46) (0.00; 0.00)
Ambulance transport 186.00 156.00 216.00 0.370
(119.53; 252.47) (75.11; 236.89) (105.70; 326.30)
Total NHS costs 1,175.90 2,079.84 271.97 0.147
(0.00; 2,423.84) (0.00; 4,610.58) (158.18; 385.76)
Patient/family costs (€ 2015), mean (95%CI)
Patient travel % waiting costs 42.40 58.86 24.94 0.133
(19.11; 65.69) (14.14; 105.58) (13.19; 36.69)
Accompanying person costs 85.80 94.80 76.80 0.374
(65.67; 105.93) (59.24; 130.36) (55.55; 98.05)
Other transport costs 59.04 61.41 56.68 0.907
(18.64; 99.44) (0.00; 124.98) (2.03; 111.33)
Total patient costs 187.24 216.07 158.42 0.413
(117.34; 257.15) (83.41; 348.73) (102.26; 214.58)
Total (NHS + patient family) costs (€ 2015), mean (95%CI)
Total costs 1,363.15 2,295.91 430.39 0.138
(105.36; 2,620.93) (0.00; 4,843.28) (0.00; 4,841.48)
Outcomes
Hospitalizations 3 (6.00) 3(12.00) 0 (0.00) 0.074
n (%); (95%CI) (1.25;16.55) (2.55; 31.22) (0.00;13.72)
Deaths 4 (8.00) 3 (12.00) 1 (4.00) 0.297
n (%); (95%CI) (2.22;19.23) (2.55; 31.22) (0.10; 20.35)
EQ5D at month 6 0.7533 0.8158 0.6907 0.147
(mean, 95%CI) (0.6670; 0.8396) (0.7003; 0.9313) (0.5590; 0.8224)
EQ5D at month 12 0.7561 0.7291 0.7830 0.528
(mean, 95%CI) (0.6714; 0.8407) (0.6014; 0.8569) (0.6634; 0.9026)
QALYs 0.7635 0.7804 0.7465 0.598

(mean, 95%CI)

(0.6998; 0.8271)

(0.6864; 0.8745)

(0.6543; 0.8387)

TM: Telemonitoring group; CM: Conventional monitoring group; SD: Standard deviation; PM: Pacemaker; NHS:
National Health System; EQ5D: EuroQol 5D utilities; QALYs: Quality-adjusted life years.

https://doi.org/10.1371/journal.pone.0226188.t1002
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pacemakers’ functioning) compared to none in the CM group (2.28 hospitalization days vs.
none; p = 0.142). The distance from home to hospital was higher in the TM group (93.08 Km
[CI: 41.99 to 144.16] vs. 56.68 Km [CI: 27.83 to 85.53]), as was the time spent by patients on
travel and visits (379.20 minutes [CI: 236.98 to 521.42] vs. 307.02 minutes [CI: 222.21 to
392.19]), both variables were not statistically significant not statistically significant in both
variables.

Accordingly, physician costs (€76.41 [CI: 62.99 to 89.83] vs. €37.02 [CI: 28.04 to 45.99],
p<0.001); consultation room costs (€39.12 [CI: 32.25 to 45.99] vs. €18.95 [CI: 14.36 to 23.55],
P<0.001); and hospitalization costs (€1,808.31 [CI: 0.00 to 4,311.46] vs. €0.00, p = 0.142) were
higher in the telemonitoring group, but differences were not significant for the latter. Overall,
total costs from the perspective of the NHS were higher for the TM group (€2,079.84 [CI: 0.00
to 4,610.58] vs. €271.97 [CI: 158.18 to 385.76]; p = 0.147), especially due to the cost of hospital
admissions, although these large differences did not reach statistical significance.

Total patient and caregiver costs were lower in the conventional monitoring group
(€158.42 [CI: 102.26 to 214.58]) than in the TM group (€213.99 [CI: 83.41 to 348.73]), albeit
not statistically significant. Overall, total costs per patient were higher—albeit not statistically
significant—in the TM group (€2,295.91 [CI: 0.00 to 4,843.28]) than in the CM group
(€430.39 [CI: 0.00 to 4,841.48]), mainly due to the cost related to hospitalizations.

There were three (12% [CI: 2.55 to 31.22]) hospitalizations and three deaths (12% [CI: 2.55
to 31.22]) in the RM group compared to none (0% [CI: 0.00 to 13.72]) and one (4% [CI: 0.10
to 20.35]) in the CM group, without significant differences between groups in both variables.
At 6 months the mean EQ5D-3L scores were 0.8158 (CI: 0.7003 to 0.9313) in the TM group
and 0.6907 (CI: 0.5590 to 0.8224) in the CM group, and at the end of the follow-up period the
mean EQ5D-3L scores were 0.7291 (CI: 0.6014 to 0.8569) and 0.7830 (CI: 0.6634 to 0.9026)
respectively, also without significant differences. Overall, patients in the TM group obtained
0.7804 (CI: 0.6864 to 0.8745) QALYs during the follow-up compared to 0.7465 (CI: 0.6543 to
0.8387) QALYs for patients in the CM group, with a non-significant difference of 0.0339 (CL:
-0.1622 to 0.0944) QALYs favoring the TM group.

Cost-utility analysis

Mean NHS costs per QALY (TM: €2,623.60 [CI: 0.00 to 6,001.63] vs. CM: €416.85 [CI: 227.12
to0 606.59]; p = 0.171) and mean total costs per QALY (including patient/caregiver costs) (TM:
€2,874.90 [CI: 0.00 to 6,166.53] vs. CM: €742.86 [CI: 339.30 to 1,146.41]; p = 0.191) were
higher in the TM group (Table 3), but the differences did not reach statistical significance.
Incremental costs per patient included in the TM vs. CM group constituted €1,807.87 (CL:
-646.99 to 4,262.73) from the perspective of the NHS and €1,865.52 (CL: -608 to 4,335.25)
including patient/family costs. Because incremental QALY per patient using TM vs. CM were
minimal, the mean ICER amounted to €53,345.27 from the perspective of the NHS or
€55,046.40 including patient/caregiver costs, through the incremental QALY gained. All esti-
mated INBs were below zero, both using thresholds of €30,000 or €50,000 and from the per-
spective of the NHS or including patient/family costs, albeit in all cases with wide confidence
limits that far exceeded zero at its upper limit.

In the probabilistic analysis from the perspective of the NHS, and because of the small num-
ber of hospitalized patients with high costs, the 95% of ICERs generated by the bootstrapping
simulation (Fig 2a, scatter and ellipse plots) show a higher probability that the ICERs will be
located in the areas that indicate a higher cost of telemonitoring with greater effectiveness
(61% of the ICERs are located in the upper-right quadrant of the cost—effectiveness plane) or a
higher cost with less effectiveness (37% of the ICERs are located in the upper-left quadrant),
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Table 3. Incremental costs per QALY (cost-utility analysis) of TM vs. CM perspective.

NHS costs Total costs

Incremental costs per patient 1,807.87 1,865.52

(-646.99; 4,262.73) (-608; 4,335.25)
Incremental QALY per patient 0.0339 0.0339

(-0.0937; 0.1615) (-0.0937; 0.1615)

Mean ICER (€) 53,345.27 55,046.40
Mean INBw1p30000)(€) -791.17 -848.82

(5,420.81; 3,838.47) (-5,478.22; 3,784.72)
Mean INBgw1ps0000)(€) -113.37 -171.02

(-7,041.43; 6,814.70) (-7,095.04; 6,757.14)

TM: Telemonitoring group; CM: Conventional monitoring group; QALY: Quality-adjusted life year; NHS: National

Health System; ICER: Incremental cost-effectiveness ratio; INB: Incremental net benefit; WTP: Willingness to pay.

https://doi.org/10.1371/journal.pone.0226188.t003

a) ICER bootstrap scatter and confidence ellipse plot
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with the probability of lower costs of telemonitoring (lower quadrants) being remote. The
CEAC (Fig 2b) shows a probability of around 35% that telemonitoring would be cost-effective
for a threshold of €30,000 per additional QALY, with something below 50% for a threshold of
€50,000. The INB curve (Fig 2c) shows concordant results, with INBs being less than zero
from thresholds lower than €50,000 for additional QALYs earned. Furthermore, the INB
curve also shows the wide range of 95% confidence intervals.

The probabilistic analysis including the patient/caregiver perspective shows very similar
results (S3-S5 Figs). The unplanned analysis excluding hospitalization costs (S3 and S4 Tables,
S2 and S5 Figs) shows mean costs per QALY which are practically the same between alterna-
tives from the perspective of the NHS with positive INBs at €30,000 and €50,000 thresholds,
whereby suggesting a discrete superiority of the TM alternative, although in both cases the
95%Cls are broad and include negative values.

Discussion

In this randomized study, with 12 months of follow-up after PM implantation, both alterna-
tives were similar in terms of QALY gained, but incremental costs per QALY were higher in
the TM group than in the CM group, both from the perspective of the Norwegian NHS and
including patient and caregiver costs. Although differences did not reach statistical signifi-
cance, probably due to the small sample size, the ICER was somewhat above €50,000 for addi-
tional QALYs, which is one of the thresholds frequently used in Europe to include new
technologies in public assurance coverage. These results were very dependent on the consider-
ation of a few cases from the RM group who had episodes of hospitalization during the follow-
up period. The probabilistic analysis showed wide confidence intervals and the unplanned
analysis excluding hospitalization costs demonstrated a situation of practical equivalence
between alternatives with a discrete advantage in cost-effectiveness for TM.

These results are consistent with the results of bivariate analysis that found no relevant dif-
ferences in any outcome—including QALYs—or in costs (except for hospitalization), but con-
trast with those found in studies on costs and cost-effectiveness in other types of CIEDs (such
as implantable cardioverter defibrillators or cardiac resynchronization therapies) in which
there were significant differences—albeit not always relevant—found in utilization and costs
favoring the telemonitoring group with equal or higher effectiveness [48-56], whereby sug-
gesting that telemonitoring is a cost-effective (or dominant) alternative compared to conven-
tional follow-up in hospital, as well as with the results of economic PM studies comparing
both types of follow-up, suggesting lower utilization and costs, as well as cost-effective indices
favoring remote monitoring alternatives [57].

The reasons for these discrepancies are diverse. First, the remarkable heterogeneity of the
alternatives in comparison to different hospitals in both the TM group (which may include dif-
ferent devices, technologies, numbers of transmissions, top or bottom monitoring, configura-
tion of alerts, hospital visit scheduling, etc.) and the “usual care” group can be extraordinarily
different between hospitals. Second, costs included in the different studies are highly variable
and, in general, partial (sometimes being limited to transportation or visits to the heart rate
unit), as are the measures of effectiveness or the construction of utilities. Third, published
cost—effectiveness studies usually do not include an assessment of uncertainty (probabilistic
sensitivity analysis) in the estimation of the ICER or INB, with it being probable (because of
the scarce—and almost always non-significant—differences in utility) that broad confidence
intervals are offered with figures ranging from potential savings to increased spending. Finally,
several previous studies have been non-randomized, which may have affected the composition
of the study groups.
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It is foreseeable that the majority of figures included in our study are above the cost-effec-
tiveness thresholds usually accepted in Europe (between 30,000 and 50,000 additional euros for
an additional QALY). It seems reasonable to expect that the efficiency of pacemakers’ telemoni-
toring does not depend so much on the technology itself as on the organizational model for
providing these services. The incorporation of this technological innovation without the corre-
sponding organizational change could lead to configuring it as an incremental service (with
processes being added to a previous monitoring protocol) rather than as a substitute service
with respect to conventional hospital-based monitoring, with no savings except if there were a
notable increase in effectiveness (but the majority of studies with pacemakers—not with other
CIEDs—tend to suggest equivalence in effectiveness, safety, and quality of life). A radical orga-
nizational change, however, could lead to significant reductions in costs, as suggested by some
observational studies with remote monitoring follow-up practically replacing in-clinic device
checks [58]. In this area, and while it is assumed that one of the main advantages of RM would
be the reduction of travel and costs for patients and their families (especially in dispersed terri-
tories such as Nordland, in the Northern Norway region), the similarity of travel costs (and
total costs for patients and families) between both alternatives in our study is surprising and
reinforces the idea that the introduction of remote monitoring in this case was not accompa-
nied by an organizational change so as to take advantage of this new technology.

This cost-utility analysis has some methodological weaknesses and strengths. First, its power
was insufficient to detect differences between the two strategies and, additionally, rendered the
results very sensitive to the impact of infrequent events due to chance. The small sample size,
which was a limitation derived from the hospital’s own activity and the time available for
recruitment, generated results that were subject to high uncertainty with wide confidence inter-
vals. In any case, and considering the differences found (excluding the hospital costs), even a
very large study would be unlikely to generate different results. Second, it is a non-masked
study wherein both the patients and the research team knew the type of follow-up assigned
which could influence their behavior. Its open-label character allows the appearance of certain
information biases such as the Hawthorne effect (patients modifying their behavior in response
to their awareness of being observed), social desirability bias (patients overreporting positive
behaviors or underreporting undesirable ones), performance bias (physicians modifying their
behavior), detection bias (outcome information being collected differently between groups),
and so on. Third, the costs considered compose only a proportion of the healthcare costs,
including other aspects such as medication, diagnostic tests, visits to primary care, emergencies,
those related to the underlying disease, and so on, and probably do not include all costs from
the social perspective. Although in this study—as in almost all analogous studies—it has been
assumed that these costs are not differential between alternatives, it is possible that the type of
follow-up affects some of them. Fourth, because of the lack of Norwegian EQ5D weights, we
use EQ5D-3L Spanish weights. In theory, between-country differences in preference values for
health states can lead to between-country differences in utility scores, whereby affecting the
study results. However, between-country cross-sectional studies show an important similarity
among EQ5D-3L weights (generally below 0.1) and great consistency between the different
health states [59]. Finally, because it is a single-center study, generalization to other centers
(which may have other follow-up protocols) should be assessed with great caution.

Conclusions

In summary, this study provided evidence showing that 12 months after pacemaker implanta-
tion, health-related quality of life was similar between groups of RM and conventional follow-
up in hospital, while follow-up costs were higher in the RM group, mainly due to differences
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in hospital admissions. The main cost-utility analysis shows broad confidence intervals with
ICERs and INBs ranging from potential savings to high costs for an additional QALY, with the
majority of ICERs being above the usual NHS thresholds for coverage decisions.

Supporting information

S1 Appendix. Trial protocol.
(PDF)

$2 Appendix. Data collection forms (English version).
(PDF)

S$3 Appendix. Do file (STATA).
(PDF)

$4 Appendix. Consolidated Health economic evaluation reporting standards (cheers)
statement.
(PDF)

S1 Table. Costs included in the economic evaluation.
(PDF)

S2 Table. Statistical distribution of study variables.
(PDF)

$3 Table. Cost per patient-year.
(PDF)

$4 Table. Incremental costs per QALY.
(PDF)

S1 Fig. ICER bootstrap scatter and confidence ellipse Plot.
(PDF)

S2 Fig. Incremental Net Benefit (INB) curve at different WTP thresholds with 95%CI.
(PDF)

S3 Fig. Incremental net benefit.
(PDF)

S4 Fig. Cost-effectiveness acceptability curve.
(PDF)

S5 Fig. Incremental net benefit curve at different WTP thresholds with 95% CI.
(PDF)

Acknowledgments

We would like to thank the patients who participated in the study and acknowledge the invalu-
able support of the NORDLAND research team. Special thanks go to Mr. Terje Enebakk and
Ms. Hilde Thunhaug, who gathered the information from patients.

Author Contributions

Conceptualization: Antonio Lopez-Villegas, Daniel Catalan-Matamoros, Salvador Peiro,
Knut Tore Lappegard.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020 13/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226188.s013
https://doi.org/10.1371/journal.pone.0226188

@ PLOS | O N E Economic assessment on telemonitoring of users with pacemakers

Formal analysis: Antonio Lopez-Villegas, Salvador Peiro, Knut Tore Lappegard.

Funding acquisition: Antonio Lopez-Villegas, Daniel Catalan-Matamoros, Salvador Peiro,
Remedios Lopez-Liria.

Investigation: Antonio Lopez-Villegas, Daniel Catalan-Matamoros, Knut Tore Lappegard,
Remedios Lopez-Liria.

Methodology: Antonio Lopez-Villegas, Daniel Catalan-Matamoros, Salvador Peiro,
Knut Tore Lappegard, Remedios Lopez-Liria.

Project administration: Antonio Lopez-Villegas.
Writing - original draft: Antonio Lopez-Villegas.

Writing - review & editing: Antonio Lopez-Villegas, Daniel Catalan-Matamoros, Salvador
Peiro, Knut Tore Lappegard, Remedios Lopez-Liria.

References

1. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA, Freedman RA, Gettes LS, et al. 2012 ACCF/AHA/
HRS focused update incorporated into the ACCF/AHA/HRS 2008 guidelines for device-based therapy
of cardiac rhythm abnormalities: a report of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society. Circulation. 2013;
127(3):e283-352. https://doi.org/10.1161/CIR.0b013e318276ce9b PMID: 23255456

2.  Wilkoff BL, Auricchio A, Brugada J, Cowie M, Ellenbogen KA, Gillis AM, et al. HRS/EHRA expert con-
sensus on the monitoring of cardiovascular implantable electronic devices (CIEDs): description of tech-
niques, indications, personnel, frequency and ethical considerations. Heart Rhythm. 2008; 5(6):907—
25. https://doi.org/10.1016/j.hrthm.2008.04.013 PMID: 18551743

3. Marinskis G, van Erven L, Bongiorni MG, Lip GY, Pison L, Blomstrém-Lundqvist C; Scientific Initiative
Committee, European Heart Rhythm Association. Practices of cardiac implantable electronic device fol-
low-up: results of the European Heart Rhythm Association survey. Europace. 2012; 14(3):423-5.
https://doi.org/10.1093/europace/eus020 PMID: 22355191

4. Raatikainen MJP, Arnar DO, Merkely B, Nielsen JC, Hindricks G, Heidbuchel H, et al. A Decade of Infor-
mation on the Use of Cardiac Implantable Electronic Devices and Interventional Electrophysiological
Procedures in the European Society of Cardiology Countries: 2017 Report from the European Heart
Rhythm Association. Europace. 2017; 19:S2:ii1-ii90.

5. Santini M. Remote monitoring and the twin epidemics of atrial fibrillation and chronic heart failure. Euro-
pace. 2013; 15:51:i47-i48.

6. Zanaboni P, Landolina M, Marzegalli M, Lunati M, Perego GB, Guenzati G, et al. Cost-utility analysis of
the EVOLVO study on remote monitoring for heart failure patients with implantable defibrillators: ran-
domized controlled trial. J Med Internet Res. 2013; 15(5):e106. https://doi.org/10.2196/jmir.2587 PMID:
23722666

7. Folino AF, Breda R, Calzavara P, Migliore F, lliceto S, Buja G. In-home controls of pacemakers in debili-
tated elderly patients. Geriatr Gerontol Int. 2012; 12:30-5. https://doi.org/10.1111/j.1447-0594.2011.
00723.x PMID: 21702875

8. Folino AF, Breda R, Calzavara P, Borghetti F, Comisso J, lliceto S, et al. Remote follow-up of pacemak-
ers in a selected population of debilitated elderly patients. Europace. 2013; 15(3):382—7. https://doi.org/
10.1093/europace/eus351 PMID: 23118005

9. Lodpez-Villegas A, Catalan-Matamoros D, Robles-Musso E, Peiré S. Workload, time and costs of the
informal cares in patients with tele-monitoring of pacemakers. The PONIENTE study. Clin Res Cardiol.
2016; 105(4):307—-13. https://doi.org/10.1007/s00392-015-0921-5 PMID: 26423396

10. Cronin E, Varma N. Remote monitoring of cardiovascular implanted electronic devices: a paradigm shift
for the 21st century. Expert Rev Med Devices. 2012; 9(4):367—76. https://doi.org/10.1586/erd.12.18
PMID: 22905841

11. Mabo P, Victor F, Bazin P, Ahres S, Babuty D, Da Costa A, et al. A randomized trial of long-term remote
monitoring of pacemaker recipients (the COMPAS trial). Eur Heart J. 2012; 33(9):1105—11. https://doi.
org/10.1093/eurheartj/ehr419 PMID: 22127418

12. Lodpez-Villegas A, Catalan-Matamoros D, Robles-Musso E, Peird S. Comparative effectiveness of
remote monitoring of people with cardiac pacemaker versus conventional: Quality of life at the 6

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020 14/17


https://doi.org/10.1161/CIR.0b013e318276ce9b
http://www.ncbi.nlm.nih.gov/pubmed/23255456
https://doi.org/10.1016/j.hrthm.2008.04.013
http://www.ncbi.nlm.nih.gov/pubmed/18551743
https://doi.org/10.1093/europace/eus020
http://www.ncbi.nlm.nih.gov/pubmed/22355191
https://doi.org/10.2196/jmir.2587
http://www.ncbi.nlm.nih.gov/pubmed/23722666
https://doi.org/10.1111/j.1447-0594.2011.00723.x
https://doi.org/10.1111/j.1447-0594.2011.00723.x
http://www.ncbi.nlm.nih.gov/pubmed/21702875
https://doi.org/10.1093/europace/eus351
https://doi.org/10.1093/europace/eus351
http://www.ncbi.nlm.nih.gov/pubmed/23118005
https://doi.org/10.1007/s00392-015-0921-5
http://www.ncbi.nlm.nih.gov/pubmed/26423396
https://doi.org/10.1586/erd.12.18
http://www.ncbi.nlm.nih.gov/pubmed/22905841
https://doi.org/10.1093/eurheartj/ehr419
https://doi.org/10.1093/eurheartj/ehr419
http://www.ncbi.nlm.nih.gov/pubmed/22127418
https://doi.org/10.1371/journal.pone.0226188

@ PLOS|ONE

Economic assessment on telemonitoring of users with pacemakers

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

months. Rev Esp Salud Publica. 2015; 89(2):149-58. https://doi.org/10.4321/S1135-
57272015000200004 PMID: 26121625

Lépez-Villegas A, Catalan-Matamoros D, Robles-Musso E, Peir6 S. Effectiveness of Pacemaker Tele-
Monitoring on Quality of Life, Functional Capacity, Event Detection and Workload. The PONIENTE trial.
Geriatr Gerontol Int. 2016; 16(11):1188-95. https://doi.org/10.1111/ggi.12612 PMID: 26635263

Guédon-Moreau L, Lacroix D, Sadoul N, Clémenty J, Kouakam C, Hermida JS, et al. ECOST trial inves-
tigators. A randomized study of remote follow-up of implantable cardioverter defibrillators: safety and
efficacy report of the ECOST trial. Eur Heart J. 2013; 34:605—14. https://doi.org/10.1093/eurheartj/
ehs425 PMID: 23242192

Ricci RP, Morichelli L, Santini M. Home monitoring remote control of pacemaker and implantable cardi-
overter defibrillator patients in clinical practice: impact on medical management and health-care
resource utilization. Europace. 2008; 10:164—70. https://doi.org/10.1093/europace/eum289 PMID:
18199570

Heidbliichel H, Lioen P, Foulon S, Huybrechts W, Ector J, Willems R, et al. Potential role of remote mon-
itoring for scheduled and unscheduled evaluations of patients with an implantable defibrillator. Euro-
pace. 2008; 10(3):351-7. https://doi.org/10.1093/europace/eun010 PMID: 18245771

Gramegna L, Tomasi C, Gasparini G, Scaboro G, Zanon F, Boaretto G, et al. In-hospital follow-up of
implantable cardioverter defibrillator and pacemaker carriers: patients’ inconvenience and points of
view. A four-hospital ltalian survey. Europace. 2012; 14(3):345-50. https://doi.org/10.1093/europace/
eur334 PMID: 22080472

Varma N, Michalski J, Stambler B, Pavri BB; TRUST investigators. Superiority of automatic remote
monitoring compared with in-person evaluation for scheduled ICD follow-up in the TRUST trial—testing
execution of the recommendations. Eur Heart J. 2014; 35(20):1345-52. https://doi.org/10.1093/
eurheartj/ehu066 PMID: 24595864

Catalan-Matamoros Daniel, Lopez-Villegas Antonio. La Telesalud y la sociedad actual: retos y oportuni-
dades. Rev Esp Comun Salud. 2016; 7(2):336—45.

Gillis AM. Remote Monitoring of Implantable Defibrillators: Reducing Hospitalizations and Saving
Lives? Circ Arrhythm Electrophysiol. 2015; 8(5):1010—1. https://doi.org/10.1161/CIRCEP.115.003287
PMID: 26487620

Slotwiner D, Varma N, Akar JG, Annas G, Beardsall M, Fogel R, et al. HRS Expert Consensus State-
ment on remote interrogation and monitoring for cardiovascular implantable electronic devices. Heart
Rhythm. 2015; 12(7):69-100. https://doi.org/10.1016/j.hrthm.2015.05.008 PMID: 25981148

Varma N, Piccini JP, Snell J, Fischer A, Dalal N, Mittal S. The Relationship Between Level of Adherence
to Automatic Wireless Remote Monitoring and Survival in Pacemaker and Defibrillator Patients. J Am
Coll Cardiol. 2015; 65(24):2601-10. https://doi.org/10.1016/j.jacc.2015.04.033 PMID: 25983008

Hernandez-Madrid A, Lewalter T, Proclemer A, Pison L, Lip GY, Blomstrom-Lundqvist C; Scientific Ini-
tiatives Committee, European Heart Rhythm Association. Remote monitoring of cardiac implantable
electronic devices in Europe: results of the European Heart Rhythm Association survey. Europace.
2014; 16(1):129-32. https://doi.org/10.1093/europace/eut4 14 PMID: 24344325

Winkelmayer WC, Cohen DJ, Berger ML, et al. Comparing cost-utility analyses in cardiovascular medi-
cine. In: Weintraub WS (ed.). Cardiovascular Health Care Economics. Totowa: Humana Press,
20083; pp-329-56.

Mufioz-Cruzado y Barba Miguel, Lopez-Villegas Antonio, Cataldan-Matamoros Daniel, Conclusiones y
recomendaciones del | Congreso Internacional de Telemedicina e Investigacion Sanitaria. Rev Esp
Comun Salud. 2016; 7(2):164—166. http://dx.doi.org/10.20318/recs.2016.3442

Burri H, Sticherling C, Wright D, Makino K, Smala A, Tilden D. Cost-consequence analysis of daily con-
tinuous remote monitoring of implantable cardiac defibrillator and resynchronization devices in the UK.
Europace. 2013; 15(11):1601-8. https://doi.org/10.1093/europace/eut070 PMID: 23599169

Guédon-Moreau L, Lacroix D, Sadoul N, Clementy J, Kouakam C, Hermida JS, et al. Costs of remote
monitoring vs. ambulatory follow-ups of implanted cardioverter defibrillators in the randomized ECOST
study. Europace. 2014; 16(8):1181-8. https://doi.org/10.1093/europace/euu012 PMID: 24614572

Ricci RP, Vicentini A, D’Onofrio A, Sagone A, Rovaris G, Padeletti L, et al. Economic analysis of remote
monitoring of cardiac implantable electronic devices: Results of the Health Economics Evaluation Reg-
istry for Remote Follow-up (TARIFF) study. Heart Rhythm. 2017; 14(1):50-7. https://doi.org/10.1016/}.
hrthm.2016.09.008 PMID: 27614025

Capucci A, De Simone A, Luzi M, Calvi V, Stabile G, D’Onofrio A, et al. Economic impact of remote
monitoring after implantable defibrillators implantation in heart failure patients: an analysis from the
EFFECT study. Europace. 2017; 19(9):1493-9. https://doi.org/10.1093/europace/eux017 PMID:
28407139

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020 15/17


https://doi.org/10.4321/S1135-57272015000200004
https://doi.org/10.4321/S1135-57272015000200004
http://www.ncbi.nlm.nih.gov/pubmed/26121625
https://doi.org/10.1111/ggi.12612
http://www.ncbi.nlm.nih.gov/pubmed/26635263
https://doi.org/10.1093/eurheartj/ehs425
https://doi.org/10.1093/eurheartj/ehs425
http://www.ncbi.nlm.nih.gov/pubmed/23242192
https://doi.org/10.1093/europace/eum289
http://www.ncbi.nlm.nih.gov/pubmed/18199570
https://doi.org/10.1093/europace/eun010
http://www.ncbi.nlm.nih.gov/pubmed/18245771
https://doi.org/10.1093/europace/eur334
https://doi.org/10.1093/europace/eur334
http://www.ncbi.nlm.nih.gov/pubmed/22080472
https://doi.org/10.1093/eurheartj/ehu066
https://doi.org/10.1093/eurheartj/ehu066
http://www.ncbi.nlm.nih.gov/pubmed/24595864
https://doi.org/10.1161/CIRCEP.115.003287
http://www.ncbi.nlm.nih.gov/pubmed/26487620
https://doi.org/10.1016/j.hrthm.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/25981148
https://doi.org/10.1016/j.jacc.2015.04.033
http://www.ncbi.nlm.nih.gov/pubmed/25983008
https://doi.org/10.1093/europace/eut414
http://www.ncbi.nlm.nih.gov/pubmed/24344325
http://dx.doi.org/10.20318/recs.2016.3442
https://doi.org/10.1093/europace/eut070
http://www.ncbi.nlm.nih.gov/pubmed/23599169
https://doi.org/10.1093/europace/euu012
http://www.ncbi.nlm.nih.gov/pubmed/24614572
https://doi.org/10.1016/j.hrthm.2016.09.008
https://doi.org/10.1016/j.hrthm.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27614025
https://doi.org/10.1093/europace/eux017
http://www.ncbi.nlm.nih.gov/pubmed/28407139
https://doi.org/10.1371/journal.pone.0226188

@ PLOS|ONE

Economic assessment on telemonitoring of users with pacemakers

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Dario C, Delise P, Gubian L, Saccavini C, Brandolino G, Mancin S. Large Controlled Observational
Study on Remote Monitoring of Pacemakers and Implantable Cardiac Defibrillators: A Clinical, Eco-
nomic, and Organizational Evaluation. Interact J Med Res. 2016; 5(1):e4. https://doi.org/10.2196/ijmr.
4270 PMID: 26764170

Raatikainen MJ, Uusimaa P, van Ginneken MM, Janssen JP, Linnaluoto M. Remote monitoring of
implantable cardioverter defibrillator patients: a safe, time-saving, and cost-effective means for follow-
up. Europace. 2008; 10(10):1145-51. https://doi.org/10.1093/europace/eun203 PMID: 18703585

Perl S, Stiegler P, Rotman B, Prenner G, Lercher P, Anelli-Monti M, et al. Socio-economic effects and
cost saving potential of remote patient monitoring (SAVE-HM trial). Int J Cardiol. 2013; 169:402-7.
https://doi.org/10.1016/j.ijicard.2013.10.019 PMID: 24383121

Halimi F, Clémenty J, Attuel P, Dessenne X, Amara W; OEDIPE trial investigators. Optimized post-
operative surveillance of permanent pacemakers by home monitoring: the OEDIPE trial. Europace.
2008; 10:1392-9. https://doi.org/10.1093/europace/eun250 PMID: 18775878

Ricci RP, Vicentini A, D’'Onofrio A, Sagone A, Vincenti A, Padeletti L, et al. Impact of in-clinic follow-up
visits in patients with implantable cardioverter defibrillators: demographic and socioeconomic analysis
of the TARIFF study population. J Interv Card Electrophysiol. 2013; 38(2):101-6. https://doi.org/10.
1007/510840-013-9823-5 PMID: 24057266

Hofmann R, Véller H, Nagels K, Bindl D, Vettorazzi E, DitRMar Dittmar R, et al. First outline and base-
line data of a randomized, controlled multicenter trial to evaluate the health economic impact of home
remote monitoring in chronic heart failure—CardioBBEAT. Trials. 2015; 16:343. https://doi.org/10.
1186/513063-015-0886-8 PMID: 26259568

Lépez-Villegas A, Catalan-Matamoros D, Martin-Saborido C, Villegas-Tripiana |, Robles-Musso E. A
Systematic Review of Economic Evaluations of Pacemaker Remote Monitoring Systems. Rev Esp Car-
diol. 2016; 69(2):125-33. https://doi.org/10.1016/j.rec.2015.06.020 PMID: 26475050

Lopez-Villegas A, Catalan-Matamoros D, Robles-Musso E, Bautista-Mesa R, Peiro S. Cost-utility analy-
sis on remote monitoring of users with pacemakers: The PONIENTE study. J Telemed Telecare.
2018:1357633X18767184.

Lopez-Villegas A, Catalan-Matamoros D, Lopez-Liria R, Enebakk T, Thunhaug H, Lappegard KT.
Health-related quality of life on tele-monitoring for users with pacemakers 6 months after implant: the
NORDLAND study, a randomized trial. BMC Geriatr. 2018; 18(1):223. https://doi.org/10.1186/s12877-
018-0911-3 PMID: 30241511

Lépez-Liria R, Lépez-Villegas A, Enebakk T, Thunhaug H, Lappegard KT, Catalan-Matamoros D.
Remote Monitoring and Quality of Life in Patients after 12 Months Following a Pacemaker Implant: the
Nordland Study, a Randomised Trial. Int J Environ Res Public Health. 2019; 16(11). pii: E2001. https://
doi.org/10.3390/ijerph16112001 PMID: 31195650

Coretti S, Ruggeri M, McNamee P. The minimum clinically important difference for EQ-5D index: a criti-
cal review. Expert Rev Pharmacoecon Outcomes Res. 2014; 14(2):221-33. https://doi.org/10.1586/
14737167.2014.894462 PMID: 24625040

Group EuroQol. EuroQol—a new facility for the measurement of health-related quality of life. Health
Policy. 1990; 16(3):199—208. https://doi.org/10.1016/0168-8510(90)90421-9 PMID: 10109801

Manca A, Hawkins N, Sculpher MJ. Estimating mean QALYs in trial-based cost-effectiveness analysis:
the importance of controlling for baseline utility. Health Econ. 2005; 14(5):487-96. https://doi.org/10.
1002/hec.944 PMID: 15497198

Willan AR, O’Brien BJ. Confidence intervals for cost-effectiveness ratios: an application of Fieller's theo-
rem. Health Econ. 1996; 5(4):297-305. https://doi.org/10.1002/(SICI)1099-1050(199607)5:4<297::
AID-HEC216>3.0.CO;2-T PMID: 8880166

Severens JL, De Boo RM, Konst EM. Uncertainty of incremental cost-effectiveness ratios. A compari-
son of Fieller and bootstrap confidence intervals. Int J Technol Assess Health Care. 1999; 15(3):608—
14. PMID: 10874387

Willan AR, Lin DY. Incremental net benefit in randomized clinical trials. Stat Med. 2001; 20(11):1563—
74. https://doi.org/10.1002/sim.789 PMID: 11391688

Willan AR. Incremental net benefit in the analysis of economic data from clinical trials, with application
to the CADET-Hp trial. Eur J Gastroenterol Hepatol. 2004; 16(6):543-9. https://doi.org/10.1097/
00042737-200406000-00006 PMID: 15167155

McGhan WF, Tundia N, Quadri H, Viswanathan S, Peterson A. Evaluating an online calculator for ana-
lyzing incremental net benefit and the expected value of perfect information from patient level data.
Value Health. 2007; 10(3):A185.

Boriani G, Da Costa A, Quesada A, Ricci RP, Favale S, Boscolo G, et al. Effects of remote monitoring
on clinical outcomes and use of healthcare resources in heart failure patients with biventricular

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020 16/17


https://doi.org/10.2196/ijmr.4270
https://doi.org/10.2196/ijmr.4270
http://www.ncbi.nlm.nih.gov/pubmed/26764170
https://doi.org/10.1093/europace/eun203
http://www.ncbi.nlm.nih.gov/pubmed/18703585
https://doi.org/10.1016/j.ijcard.2013.10.019
http://www.ncbi.nlm.nih.gov/pubmed/24383121
https://doi.org/10.1093/europace/eun250
http://www.ncbi.nlm.nih.gov/pubmed/18775878
https://doi.org/10.1007/s10840-013-9823-5
https://doi.org/10.1007/s10840-013-9823-5
http://www.ncbi.nlm.nih.gov/pubmed/24057266
https://doi.org/10.1186/s13063-015-0886-8
https://doi.org/10.1186/s13063-015-0886-8
http://www.ncbi.nlm.nih.gov/pubmed/26259568
https://doi.org/10.1016/j.rec.2015.06.020
http://www.ncbi.nlm.nih.gov/pubmed/26475050
https://doi.org/10.1186/s12877-018-0911-3
https://doi.org/10.1186/s12877-018-0911-3
http://www.ncbi.nlm.nih.gov/pubmed/30241511
https://doi.org/10.3390/ijerph16112001
https://doi.org/10.3390/ijerph16112001
http://www.ncbi.nlm.nih.gov/pubmed/31195650
https://doi.org/10.1586/14737167.2014.894462
https://doi.org/10.1586/14737167.2014.894462
http://www.ncbi.nlm.nih.gov/pubmed/24625040
https://doi.org/10.1016/0168-8510(90)90421-9
http://www.ncbi.nlm.nih.gov/pubmed/10109801
https://doi.org/10.1002/hec.944
https://doi.org/10.1002/hec.944
http://www.ncbi.nlm.nih.gov/pubmed/15497198
https://doi.org/10.1002/(SICI)1099-1050(199607)5:4<297::AID-HEC216>3.0.CO;2-T
https://doi.org/10.1002/(SICI)1099-1050(199607)5:4<297::AID-HEC216>3.0.CO;2-T
http://www.ncbi.nlm.nih.gov/pubmed/8880166
http://www.ncbi.nlm.nih.gov/pubmed/10874387
https://doi.org/10.1002/sim.789
http://www.ncbi.nlm.nih.gov/pubmed/11391688
https://doi.org/10.1097/00042737-200406000-00006
https://doi.org/10.1097/00042737-200406000-00006
http://www.ncbi.nlm.nih.gov/pubmed/15167155
https://doi.org/10.1371/journal.pone.0226188

@ PLOS|ONE

Economic assessment on telemonitoring of users with pacemakers

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

defibrillators: results of the MORE-CARE multicentre randomized controlled trial. Eur J Heart Fail.
2017; 19(3):416—-425. https://doi.org/10.1002/ejhf.626 PMID: 27568392

Crossley GH, Boyle A, Vitense H, Chang Y, Mead RH; CONNECT investigators. The CONNECT (Clini-
cal Evaluation of Remote Notification to Reduce Time to Clinical Decision) trial: the value of wireless
remote monitoring with automatic clinician alerts. J Am Coll Cardiol. 2011; 57(10):1181-9. https://doi.
org/10.1016/j.jacc.2010.12.012 PMID: 21255955

Klersy C, Boriani G, De Silvestri A, Mairesse GH, Braunschweig F, Scotti V, et al. Effect of remote moni-
toring of cardiac implantable electronic devices on healthcare utilization: a meta-analysis of randomized
controlled trials in patients with heart failure. Eur J Heart Fail. 2016; 18(2):195—204. https://doi.org/10.
1002/ejhf.470 PMID: 26817628

Klersy C, De Silvestri A, Gabutti G, Raisaro A, Curti M, Regoli F, et al. Economic impact of remote
patient monitoring: an integrated economic model derived from a meta-analysis of randomized con-
trolled trials in heart failure. Eur J Heart Fail. 2011; 13(4):450-9. https://doi.org/10.1093/eurjhf/hfq232
PMID: 21193439

Landolina M, Perego GB, Lunati M, Curnis A, Guenzati G, Vicentini A, et al. Remote monitoring reduces
healthcare use and improves quality of care in heart failure patients with implantable defibrillators: the
evolution of management strategies of heart failure patients with implantable defibrillators (EVOLVO)
study. Circulation. 2012; 125(24):2985-92. https://doi.org/10.1161/CIRCULATIONAHA.111.088971
PMID: 22626743

Piccini JP, Mittal S, Snell J, Prillinger JB, Dalal N, Varma N. Impact of remote monitoring on clinical
events and associated health care utilization: A nationwide assessment. Heart Rhythm. 2016; 13
(12):2279-2286. https://doi.org/10.1016/j.hrthm.2016.08.024 PMID: 27544748

Ladapo JA, Turakhia MP, Ryan MP, Mollenkopf SA, Reynolds MR. Health Care Utilization and Expendi-
tures Associated With Remote Monitoring in Patients With Implantable Cardiac Devices. Am J Cardiol.
2016; 117(9):1455-62. https://doi.org/10.1016/j.amjcard.2016.02.015 PMID: 26996767

Garcia-Fernandez FJ, Osca Asensi J, Romero R, Fernandez Lozano |, Larrazabal JM, Martinez Ferrer
J, et al. Safety and efficiency of a common and simplified protocol for pacemaker and defibrillator sur-
veillance based on remote monitoring only: a long-term randomized trial (RM-ALONE). Eur Heart J.
2019. pii: enz067.

Catalan-Matamoros Daniel, Lopez-Villegas Antonio. Telemedicine in the Artic: communication chal-
lenges. Rev Esp Comun Salud. 2015; 6(1):1-2.

Pang HW, Campbell D, Hopman WM, Brennan FJ, Abdollah H, Redfearn DP, et al. Effectiveness and
feasibility of a transtelephonic monitoring program: implications for a time of crisis. Int J Cardiol. 2010;
145(3):529-30. https://doi.org/10.1016/j.ijcard.2010.04.061 PMID: 20471116

Facchin D, Baccillieri MS, Gasparini G, Zoppo F, Allocca G, Brieda M, et al. Findings of an observational
investigation of pure remote follow-up of pacemaker patients: is the in-clinic device check still needed?
Int J Cardiol. 2016; 220:781-6. https://doi.org/10.1016/j.iicard.2016.06.162 PMID: 27394974

Szende A, Oppe M, Devlin N, on behalf of the EuroQol Group Task Force on Value Sets. Dordretch,
Netherlands: Springer; 2007.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226188  January 29, 2020 17/17


https://doi.org/10.1002/ejhf.626
http://www.ncbi.nlm.nih.gov/pubmed/27568392
https://doi.org/10.1016/j.jacc.2010.12.012
https://doi.org/10.1016/j.jacc.2010.12.012
http://www.ncbi.nlm.nih.gov/pubmed/21255955
https://doi.org/10.1002/ejhf.470
https://doi.org/10.1002/ejhf.470
http://www.ncbi.nlm.nih.gov/pubmed/26817628
https://doi.org/10.1093/eurjhf/hfq232
http://www.ncbi.nlm.nih.gov/pubmed/21193439
https://doi.org/10.1161/CIRCULATIONAHA.111.088971
http://www.ncbi.nlm.nih.gov/pubmed/22626743
https://doi.org/10.1016/j.hrthm.2016.08.024
http://www.ncbi.nlm.nih.gov/pubmed/27544748
https://doi.org/10.1016/j.amjcard.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26996767
https://doi.org/10.1016/j.ijcard.2010.04.061
http://www.ncbi.nlm.nih.gov/pubmed/20471116
https://doi.org/10.1016/j.ijcard.2016.06.162
http://www.ncbi.nlm.nih.gov/pubmed/27394974
https://doi.org/10.1371/journal.pone.0226188

