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Aims The European REMOTE-CIED study is the first randomized trial primarily designed to evaluate the effect of remote
patient monitoring (RPM) on patient-reported outcomes in the first 2 years after implantation of an implantable
cardioverter-defibrillator (ICD).

...................................................................................................................................................................................................
Methods
and results

The sample consisted of 595 European heart failure patients implanted with an ICD compatible with the Boston
Scientific LATITUDEVR RPM system. Patients were randomized to RPM plus a yearly in-clinic ICD check-up vs. 3–6-
month in-clinic check-ups alone. At five points during the 2-year follow-up, patients completed questionnaires in-
cluding the Kansas City Cardiomyopathy Questionnaire and Florida Patient Acceptance Survey (FPAS) to assess
their heart failure-specific health status and ICD acceptance, respectively. Information on clinical status was
obtained from patients’ medical records. Linear regression models were used to compare scores between groups
over time. Intention-to-treat and per-protocol analyses showed no significant group differences in patients’ health
status and ICD acceptance (subscale) scores (all Ps > 0.05). Exploratory subgroup analyses indicated a temporary
improvement in device acceptance (FPAS total score) at 6-month follow-up for secondary prophylactic in-clinic
patients only (P< 0.001). No other significant subgroup differences were observed.

...................................................................................................................................................................................................
Conclusion Large clinical trials have indicated that RPM can safely and effectively replace most in-clinic check-ups of ICD

patients. The REMOTE-CIED trial results show that patient-reported health status and ICD acceptance do not dif-
fer between patients on RPM and patients receiving in-clinic check-ups alone in the first 2 years after ICD
implantation.
ClinicalTrials.gov Identifier: NCT01691586.
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Introduction

Remote patient monitoring (RPM) of patients with cardiovascular im-
plantable electronic devices (CIEDs) is gaining acceptance in clinical
practice. The Heart Rhythm Society stated in 2015 that RPM is pre-
ferred over a calendar-based schedule of in-clinic check-ups alone,
and recommended that it should be offered to all patients with
CIEDs.1 Meta-analyses of randomized controlled trials suggest that
RPM is at least comparable to in-clinic check-ups alone with regard
to clinical outcomes like mortality and hospital admissions.2,3

However, evidence on the effects of RPM on patient-reported
outcomes is limited and inconclusive. Only a few randomized tri-
als have included these outcomes, and to our knowledge never
as primary endpoint.4 Most trials found no absolute group differ-
ences in patient-reported health status, i.e. a composite score of
patients’ symptoms, function, and quality of life. One pilot trial on
151 patients from the USA showed that quality of life assessed
with the EuroQol thermometer was significantly better in the In-
Clinic arm than in the RPM arm at 6-month follow-up, although
this difference disappeared at 12 months.5 On the contrary, the
Italian EVOLVO trial (N = 200) using the Minnesota Living with
Heart Failure Questionnaire (MLHFQ) found significantly more
health status improvement in the RPM group over 16 months’ of
follow-up.6 Disease-specific measures like the MLHFQ and the
Kansas City Cardiomyopathy Questionnaire (KCCQ) are often
more relevant to patients than generic measures such as the
EuroQol and 36-item Short Form Health Survey, and more sensi-
tive in reflecting treatment-related changes.7 Also, the beneficial
effects of RPM may be less noticeable for patients in the first
year after implantation, as they are still adjusting to living with an
implantable cardioverter-defibrillator (ICD) and the associated
check-ups during this period.

The European REMOTE-CIED study is the first and largest ran-
domized ICD trial primarily designed to evaluate the effects of RPM
on disease-specific health status and ICD acceptance in the first 2
years after ICD implantation.8 In addition, we explored whether the
effects of RPM on these patient-reported outcomes differ for specific
patient groups, based on their socio-demographic, clinical, and psy-
chological characteristics.

Methods

Participants and study design
Consecutive patients receiving an ICD between April 2013 and January
2016 at one of the 32 participating hospitals in five European countries
(i.e. France, Germany, Spain, Switzerland, and The Netherlands) were
screened for study participation by local investigators. Patients were eligi-
ble to participate when they (i) were implanted with a first-time ICD (sin-
gle chamber/dual chamber/biventricular) compatible with the
LATITUDEVR Patient Management system from Boston Scientific and (ii)
suffered from symptomatic heart failure [LVEF <_35% and New York
Heart Association (NYHA) functional Class II or III] at the time of implan-
tation. Patients were excluded if they (i) were younger than 18 or older
than 85 years of age, (ii) on the waiting list for heart transplantation, (iii)
had a history of psychiatric illness other than affective/anxiety disorders,
or (iv) were unable to complete the questionnaires due to cognitive
impairments or (v) had insufficient knowledge of the language. The study
conforms to the principles outlined in the Declaration of Helsinki and the
medical ethics committees of the participating centres approved the
study protocol. All patients provided written informed consent.

Participating patients received a set of baseline questionnaires to com-
plete at home 1–2 weeks after implantation. After returning the com-
pleted questionnaire, patients were randomized in a 1:1 fashion to the
RPM group or In-Clinic group with the use of a blocked randomization
procedure. To ensure that the relative percentage of ICD and cardiac
resynchronization therapy defibrillator (CRT-D) patients was equal in
both groups, a separate randomization procedure within these two sub-
groups of patients was used.

Four to 8 weeks after implantation, patients in the RPM group received
the LATITUDEVR RPM system, including weight scale and blood pressure
cuffs from their local hospital staff. Subsequently, they had scheduled
in-clinic ICD check-ups once a year, while intermediate check-ups were
performed remotely at least every 6 months (including a real-time elec-
trocardiogram, tests of battery status, lead impedances, and sensing am-
plitude). During and in-between these scheduled check-ups, the clinics
were notified when predefined RPM alerts (e.g. low life battery, low/high
shock lead impedance, device malfunction, arrhythmias, and weight
change) or patient-initiated data transmissions were detected. The gath-
ered data were accessible 24/7 via the secured LATITUDEVR website
and reviewed and responded to by nurses, cardiologists, and/or ICD-
technicians according to the centres’ clinical routine. Patients in the
In-Clinic group visited the clinic for ICD check-up every 3–6 months
according to the standard schedule at the participating centre.

All patients completed a set of follow-up questionnaires at 3-, 6-, 12-,
and 24 months post-implantation. When the completed baseline or
follow-up questionnaires were not returned within 2 weeks, patients re-
ceived a reminder telephone call from their local hospital staff. More de-
tailed information on the study design, randomization procedure, and
LATITUDEVR system is published elsewhere.8

Primary outcomes
Patient-reported health status

The KCCQ was used to assess heart failure-specific health status. The
KCCQ is a 23-item, validated self-report questionnaire that quantifies
physical limitations, symptoms, social functioning, and quality of life of
patients with heart failure.9 These four health status subscales can be
combined into a single overall summary score. The (sub)scale scores are
transformed into a score from 0 to 100, with higher scores representing
better health status. Poor health status is defined as a KCCQ overall sum-
mary score <50 points, and a 5-point difference represents a clinically
meaningful difference between the groups and within individual patients.

What’s new?
• The multicentre REMOTE-CIED trial including 595 European

heart failure patients with an implantable cardioverter-defibril-
lator (ICD) was the first randomized trial primarily designed to
examine the effect of remote patient monitoring (RPM) on pa-
tient-reported outcomes.

• Results showed that patient-reported heart failure-specific
health status and ICD acceptance did not differ between re-
motely and in-clinic-monitored patients in the first 2 years after
implantation.

• Results of the REMOTE-CIED study support use of RPM in
clinical practice, but future research is warranted to optimize
handling of remotely gathered data as this may enhance clinical
and patient-reported outcomes.
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This scale has good internal consistency, with a Cronbach’s alpha of 0.98
in the current sample.

Implantable cardioverter-defibrillator acceptance

Patients’ acceptance of their device was assessed with the 12-item Florida
Patient Acceptance Survey (FPAS).10 Items (e.g. ‘My device was my best
treatment option’) contribute to three four-item subscales: (i) device-re-
lated distress; (ii) return to function; and (iii) positive appraisal. Total and
subscale scores are linearly converted into a score between 0 and 100.
A high score on the total scale and the ‘return to function’ and ‘positive
appraisal’ subscales means better acceptance, while a high score on the
‘device-related distress’ subscale means less acceptance. Cronbach’s al-
pha of this scale was 0.71 in this sample, indicating satisfactory internal
consistency.

Sample characteristics
Socio-demographic and clinical characteristics

Information on patients’ socio-demographic characteristics was obtained
via the baseline questionnaire. Information on patients’ ICD and heart fail-
ure characteristics, medication, comorbidities, ICD shocks, and cardiac-
related hospital visits and admissions were extracted from their medical
records, and entered into an electronic case report form by the local
investigators at the participating centres. Finally, in the questionnaire
patients were asked about the average travel time to their hospital, their
satisfaction with cardiovascular care (0–100), and if they attend(ed) a car-
diac rehabilitation programme.

Lifestyle factors

Information on patients’ lifestyle (i.e. body mass index, smoking status,
and use of alcohol) was obtained from the baseline questionnaire. In addi-
tion, patients completed the 12-item European Heart failure Self-care
Behavior Scale (EHFScBS-12),11 with a higher score (range 12–60) indi-
cating worse self-care behaviour.

Psychological characteristics

In the baseline questionnaire, patients were asked if they currently use
psychotropic medication or are treated for psychological problems. The
distressed (Type D) personality was measured using the 14-item Type D
Scale.12 Type D personality is defined by a score of >_10 on both 7-item
subscales: negative affectivity and social inhibition.12 Anxiety and depressive
symptoms were assessed using the 7-item Generalized Anxiety Disorder
scale and the 9-item Patient Health Questionnaire, respectively.13,14 For
both scales, a cut-off of >_10 points was used to classify patients with
moderate to severe anxiety or depression.13,14 The 8-item brief Illness
Perception Questionnaire measured patients’ beliefs about their heart fail-
ure.15 An overall score ranging from 0 to 80 was computed with a higher
score reflecting a more threatening view of heart failure. Patients’ concerns
regarding the ICD giving a shock were assessed using the 8-item ICD
Patients Concerns questionnaire.16 The total score ranges from 0 to 32,
with a higher score indicating a higher level of concerns.

Sample size calculation
Originally, we expected a trivial between-group effect (Cohen’s d¼ 0.20)
leading to a required sample size of 900 patients.8 However, during our
recruitment period, two randomized trials were published showing a
positive effect of RPM on heart failure-specific health status.6,17 In order
to detect a clinically meaningful difference of >_5 points in KCCQ scores
with 85% power and an alpha of 0.05 (two-sided test), assuming a mean
KCCQ score of 60 in the In-Clinic group and a standard deviation of 21 in

both groups, 600 patients would be sufficient (i.e. 300 patients per
group).

Statistical analyses
Data were analysed by the first two authors (I.T. and H.V.) in consultation
with a statistician from the University Medical Centre Utrecht. H.V. and
I.T. had full access to all the data in the study and take responsibility for its
integrity and data analysis. Patient characteristics are reported as frequen-
cies with percentages [N (%)] for categorical variables, and medians with
interquartile ranges [median (IQR)] for continuous variables, as our data
were not normally distributed. The Pearson’s v2 tests (or the Fisher’s ex-
act tests if appropriate) and Mann–Whitney U tests were used to detect
group differences in categorical and continuous variables, respectively.

We compared KCCQ and FPAS total and subscale follow-up scores
between randomization groups using linear regression models with un-
structured residual (i.e. generalized estimating equation type) covariance
matrices to avoid unnecessary elimination of patients with missing values
during follow-up. The model included treatment (RPM), all follow-up
assessments over time (Time), baseline KCCQ or FPAS scores, and
RPM-by-Time interaction. Baseline corrections were performed in part
to control for potential imbalances between the groups, and in part to
optimize power. Considering the number of crossovers in both arms, we
decided to perform additional per-protocol analyses excluding all
crossovers.

Finally, we performed a series of exploratory subgroup analyses to ex-
amine whether the effect of RPM on health status and ICD acceptance
over time was different for patients with different nationalities, men vs.
women, younger (<60) vs. older patients, patients with vs. without a part-
ner, lower vs. higher educated patients, ICD vs. CRT-D patients, patients
with a primary vs. secondary ICD indication, NYHA II vs. NYHA III
patients, patient with any ICD shock(s)—appropriate or inappropriate—
vs. patients without shocks during follow-up, patients with vs. patients
without any cardiac-related visits to the emergency room, patients with
vs. patients without any cardiac-related hospital admissions, patients with
vs. without comorbidities, anxious vs. non-anxious patients, and depres-
sive vs. non-depressive patients. For the RPM group, we also examined
whether compliance with (daily) weight and (weekly) blood pressure
measurements influenced health status and ICD acceptance.

All tests were two-tailed, and a P-value <_0.05 was chosen to indicate
statistical significance. Analyses were performed with SPSS 22.0 (SPSS
Inc., Chicago, IL, USA), and SAS 9.4 (SAS Institute, Cary, NC, USA).

Results

Sample characteristics
Figure 1 displays the REMOTE-CIED enrolment, allocation, and
follow-up numbers. The final study sample for the intention-to-treat
analysis consisted of 595 patients. Baseline characteristics of the total
sample, and stratified by randomization group are shown in Table 1.

Impact of remote patient monitoring on
heart failure-specific health status
Table 2 and Figure 2 show the effects of RPM on the KCCQ total
score over 24-month follow-up. We observed no significant influ-
ence of RPM on patients’ health status, and the course of health sta-
tus over time was not different between groups. There was a
significant effect of time (P < 0.001), indicating a health status de-
crease from 3 to 24 months post-implantation that is probably
caused by heart failure progression. As expected, the baseline health
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D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article-abstract/21/9/1360/5511581 by guest on 03 D
ecem

ber 2019

Deleted Text: ICD
Deleted Text: a
Deleted Text: A
Deleted Text: ,
Deleted Text: ``
Deleted Text: '') 
Deleted Text: 1
Deleted Text: device 
Deleted Text: 2
Deleted Text: 3
Deleted Text: centers
Deleted Text: ,
Deleted Text: &ndash;
Deleted Text: &ndash;
Deleted Text: failure 
Deleted Text: analyzed 
Deleted Text: (
Deleted Text: (&percnt;)) 
Deleted Text: (
Deleted Text: )) 
Deleted Text: Chi-square
Deleted Text: -
Deleted Text:  &ndash; 
Deleted Text:  &ndash; 
Deleted Text: Illinois
Deleted Text: orth Carolina
Deleted Text: RPM
Deleted Text: failure 
Deleted Text: three 
Deleted Text: HF 


status was significantly associated with health status during follow-up
(P < 0.001). We repeated these analyses for all KCCQ subscales,
yielding similar results (Figure 2). Per-protocol analyses produced
comparable results. Finally, subgroup analyses did not show signifi-
cant subgroup differences in the effect of RPM on health status over
time (all Ps > 0.05).

Impact of remote patient monitoring on
implantable cardioverter-defibrillator
acceptance
In Table 2 and Figure 3, the effects of RPM on the FPAS total score
over the 24 months’ follow-up period are displayed. We found no

• Intention-to-treat analyses (n=295) 

• Per-protocol analyses (n=261) 

Declined to participate  (n=± 267)a 

• Strong preference for In-Clinic (15%) 

• Strong preference for RPM (10%) 

• Participation in other studies (11%) 

• Personal/situational constraints (10%) 

• Unwilling to complete questionnaires (7%) 

• Unwilling to participate in studies (3%) 

• Reason unknown (44%) 

• Intention-to-treat analyses (n=300) 

• Per-protocol analyses (n=284) 

Allocated to In-Clinic group (n=298)Allocated to RPM group (n=302)

Allocation 

Enrolment 

Did not return baseline questionnaire (n=33) 

Randomized  

(n=600) 

Excluded 

Ineligible (n=2) 

Excluded 

Ineligible (n=3) 

Analyses

Follow-up 

Eligible and informed about study 

(n=± 900)a 

Signed informed consent 

(n=633) 

• Cross-over to In-Clinic group (n=16) 
• Technical problems (n=5) 

• Patient request (n=7) 

• Other (n=4)

• Discontinued study (n=41) 
• Patient died (n=19) 

• Lost-to-follow-up (n=14) 

• Dropped-out (7) 

• Non-compliant (n=1) 

• Cross-over to RPM group (n=34) 
• Travel distance >1.5hrs (n=16) 

• Patient request (n=7) 

• Other (n=11) 

• Discontinued study (n=40) 
• Died (n=21) 

• Lost-to-follow-up (n=10) 

• Dropped-out (7) 

• Non-compliant (n=2) 

Figure 1 A flowchart of participants’ enrolment, allocation, and follow-up. aEstimated numbers based on completed screening- and enrolment
logs from 22 participating sites. RPM, remote patient monitoring.
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....................................................................................................................................................................................................................

Table 1 Baseline characteristics of the total sample, and stratified by randomization groupa

Total sample (N 5 595) RPM group (N 5 300) In-Clinic group (N 5 295)

Socio-demographic characteristics

Age (years) 65 (59–73) 66 (58–73) 65 (59–73)

Female 123 (21) 67 (22) 56 (19)

Having a partner 438 (74) 222 (74) 216 (73)

High educational level (tertiary or higher) 359 (60) 168 (56) 191 (65)

Employed 123 (21) 60 (20) 63 (21)

Device/heart failure characteristics

Type of ICD

Single chamber 256 (43) 126 (42) 130 (44)

Dual chamber 109 (18) 60 (20) 49 (17)

Biventricular 230 (39) 114 (38) 116 (39)

Secondary prophylactic ICD indication 86 (15) 42 (14) 44 (15)

Ischaemic heart failure aetiology 336 (57) 158 (53) 178 (60)

QRS duration (ms) 120 (102–156) 118 (102–157) 124 (102–154)

Ejection fraction (<_3 months pre-implantation) 27 (22–31) 27 (21–31) 28 (22–31)

New York Heart Association Class III 197 (33) 98 (33) 99 (34)

Cardiac medication

ACE inhibitors þ ARBs 525 (88) 267 (89) 258 (88)

Beta-blockers (excluding sotalol) 497 (84) 247 (82) 250 (85)

Diuretics 431 (72) 217 (72) 214 (73)

Aldosterone antagonists 370 (62) 177 (59) 193 (65)

Antiarrhythmic medication (including sotalol) 98 (17) 49 (16) 49 (17)

Comorbidities

Diabetes mellitus 192 (32) 90 (30) 102 (35)

Chronic obstructive pulmonary disease 84 (14) 45 (15) 39 (13)

Renal disease (GFR <60 mL/min/1.73 m2) 148 (25) 75 (25) 73 (25)

Atrial fibrillation 168 (28) 85 (28) 83 (28)

Hypertension 347 (58) 171 (57) 176 (60)

Anaemia (HB <8.6/<7.4 mmol/L—males/females) 63 (11) 29 (10) 34 (12)

Lifestyle

Body mass index >30 134 (23) 61 (20) 73 (25)

Smoking 94 (16) 48 (16) 46 (16)

Use of alcohol 284 (48) 114 (48) 140 (48)

Self-care behaviourb 25 (20–32) 24 (20–32) 25 (19–32)

Psychological status

Type D personalityc 119 (20) 61 (21) 58 (20)

Anxietyd 91 (16) 37 (13) 54 (19)

Depressione 107 (19) 48 (16) 59 (21)

Illness perceptionsf 41 (33–47) 39 (31–47) 43 (34–48)

ICD concernsg 9 (3–17) 9 (3–15) 9 (3–17)

Treatment

Psychotropic medicationh 123 (21) 62 (21) 62 (21)

Psychological treatment 28 (5) 12 (4) 16 (6)

Cardiac rehabilitation 123 (21) 58 (20) 65 (23)

Satisfaction with cardiovascular care 90 (85–100) 90 (85–100) 90 (80–100)

Travel time to hospital (min) 30 (20–45) 30 (20–45) 30 (20–45)

Results are presented as N (%) for categorical variables, and as median (interquartile range) for continuous variables. The differences between the groups were significant for
educational level (P = 0.03), anxiety (P = 0.05), illness perceptions (P = 0.004), and satisfaction with cardiovascular care (P = 0.04).
ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; GFR, glomerular filtration rate; HB, haemoglobin; ICD, implantable cardioverter-defibrillator; RPM,
remote patient monitoring.
aIntention-to-treat.
bSelf-care behaviour: total score European Heart Failure Self Care Behaviour Scale (range 12–60, higher score indicates worse self-care behaviour).
cType D (distressed) personality: score of >10 on both negative affectivity and social inhibition subscales of Type D scale.
dAnxiety: score >10 on 7-item Generalized Anxiety Disorder Scale.
eDepression: score >10 on 9-item Patient Health Questionnaire.
fIllness perceptions: total score brief Illness Perceptions Questionnaire (range 0–80, higher score indicates more threatening view of heart failure).
gICD concerns: total score on ICD concerns scale (range 0–32, higher score indicates higher level of concerns).
hPsychotropic medication: antidepressants, anxiolytics, and/or hypnotics.
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significant influence of RPM or time on patients’ level of ICD accep-
tance, and the course of ICD acceptance over time did not differ be-
tween groups. Only the baseline FPAS score was significantly
associated with ICD acceptance during follow-up (P < 0.001).
Repeating these analyses for all FPAS subscales separately led to simi-
lar findings (Figure 3). Again, per-protocol analyses yielded compara-
ble results.

Subgroup analyses indicated a difference in the effect of RPM on
ICD acceptance over time between patients with a primary and

secondary prophylactic ICD (P = 0.006). Between 3 and 6 months af-
ter implantation, ICD acceptance improved for In-Clinic patients
with a secondary prophylactic ICD [beta �6.41 (95% confidence in-
terval = �10.46 to �2.35), P = 0.001], while remaining stable in the
other groups. This improvement appeared to be temporary, how-
ever, as the level of ICD acceptance in this group became non-
significant again at 12 months. The largest observed difference in
means between groups was 3.3 points. No other subgroup differen-
ces were observed (all Ps> 0.05).

.................................................................... ..............................................................

....................................................................................................................................................................................................................

Table 2 Effects of RPM on health status and ICD acceptance over 24 months’ follow-up

KCCQ total FPAS total

Beta (95% CI) P-value Beta (95% CI) P-value

RPM �2.87 (�6.02 to 0.28) 0.29 1.23 (�0.61 to 3.07) 0.68

Timea (months) <0.001 0.60

6 �2.39 (�4.47 to �0.31) 1.38 (�0.01 to 2.74)

12 �5.65 (�7.94 to �3.35) 0.81 (�0.68 to 2.29)

24 �10.05 (�13.17 to �6.91) 0.46 (�1.22 to 2.14)

RPM � timea (months) 0.34 0.23

RPM � 6 1.58 (�1.41 to 4.46) �1.62 (�3.56 to 0.33)

RPM � 12 2.67 (�0.57 to 5.90) �1.70 (�3.79 to 0.40)

RPM � 24 0.69 (�3.71 to 5.09) �0.40 (�2.76 to 1.97)

Baseline KCCQ/FPAS score 0.59 (0.53 to 0.64) <0.001 0.54 (0.48 to 0.59) <0.001

Type III tests of fixed effects P-values are reported. Significant results (P < 0.05) are printed in bold.
CI, confidence interval; FPAS, Florida Patient Acceptance Survey; ICD, implantable cardioverter-defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire; RPM, remote
patient monitoring.
aReference category for time is 3 months.

Figure 2 The KCCQ median scores (± interquartile range) over time. KCCQ, Kansas City Cardiomyopathy Questionnaire.
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Discussion

Over the past years, the European Society of Cardiology and the
American Heart Association have emphasized the incorporation of
patient-reported outcomes to assess the quality of cardiovascular
care.7,18 Patient-centred measures provide important insights into
the effect of a disease and treatments on patients’ daily lives, and
are essential for shared decision-making and patient-centred care.
Large clinical trials have already shown that RPM is safe and effec-
tive in ICD patients,2,3 yet patient-reported outcomes have re-
ceived only little attention so far. The REMOTE-CIED study is the
first randomized trial primarily designed to examine the effect of
RPM on patient-reported outcomes in ICD patients. Intention-to-
treat and per-protocol analyses showed that patients receiving
RPM do not report significantly different heart failure-specific
health status and ICD acceptance scores compared with patients
on regular in-clinic ICD follow-up during the first 2 years post-
implantation. These results are in line with most previous random-
ized trials examining health status as a secondary endpoint.4 The
non-significant and clinically irrelevant group differences found in
the current and previous studies suggest that RPM is not different
to in-clinic follow-up alone with respect to patient-reported health
status, supporting its use in clinical practice. To our knowledge, this
is the first trial that explored whether the effect of RPM on patient-
reported outcomes differs for specific subgroups of patients. We

only found that ICD acceptance scores were significantly yet slightly
higher in secondary prophylactic ICD patients in the In-Clinic group
at 6-month follow-up. It is important to emphasize that the sub-
group analyses were of explorative nature and most probably
lacked sufficient power, for instance only 15% of the patients had a
secondary prophylactic ICD indication. Nevertheless, the analyses
were valuable in ruling out the existence of very large subgroup
effects, and could provide directions for further research.

Patients in the current study received an RPM system including a
weight scale and blood pressure cuffs for additional heart failure
monitoring. A recent ICD cohort study showed that the addition of
weight and blood pressure transmissions was not associated with
lower risk of mortality or hospitalizations.19 The REMOTE-CIED
study was not designed to differentiate between the effects of moni-
toring ICD vs. heart failure data, yet compliance with weight and
blood pressure measurements did not influence health status and
ICD acceptance scores. Accordingly, randomized trials on non-
invasive telemonitoring of heart failure data found no or only small
(subscale) differences in health status scores between groups.20

Trials on heart failure telemonitoring with structured telephone sup-
port including e.g. clinical consultation or self-management education
yielded more promising results.20 Maybe RPM of heart failure data
may be beneficial only when it is used for tailored therapy optimiza-
tion and with more sophisticated alert algorithms predicting heart
failure events.20

Figure 3 The FPAS median scores (± interquartile range) over time. FPAS, Florida Patient Acceptance Survey.
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The REMOTE-CIED study protocol did not include standard pro-
cedures on in-clinic follow-up schedules and handling of RPM data,
reflecting real-world daily practice and resulting in high ecological va-
lidity. However, pooled data-analyses of previous RPM trials indicate
that daily verification of transmitted data and predefined response
mechanisms to RPM-alerts may be essential in producing maximal
benefit from this technology.3 The only randomized trial (IN-TIME)
that showed a significant positive effect of RPM on mortality used a
central monitoring unit that reviewed all RPM-data on a daily basis
and transmitted any predefined medical events and safety notifica-
tions to the investigational clinics.21 The integration of such a work-
flow in clinical practice remains challenging, especially when centres
use RPM systems from various manufacturers and face inadequate re-
imbursement. Future studies are warranted investigating the possibili-
ties and effects of risk-stratification algorithms that automate the
identification of actionable events and of delivering RPM-data directly
to patients allowing them to respond promptly when properly
educated.22

Limitations
Other potential limitations should be kept in mind when interpret-
ing the results of this study. First, the relatively high number of
dropouts and crossovers has negatively affected the statistical
power of our analyses. However, linear modelling allowed patients
with one or more missing outcome values to remain in the analy-
ses, and correcting for baseline KCCQ and FPAS scores may have
led to a substantial increase in power. Also, additional per-
protocol analyses excluding all crossovers did not yield other con-
clusions on the effects of RPM. Second, our study sample was rela-
tively young with a median age of 65 years and the majority (67%)
of patients suffered from mild NYHA Class II heart failure symp-
toms. Hence, our results may not be generalizable to older
patients with more severe heart failure. Future RPM trials with lon-
ger follow-up periods are needed to see whether RPM is particu-
larly beneficial when patients approach their end of life. Third, data
on the number and character of RPM alerts were not collected.
Finally, the LATITUDEVR RPM system from Boston Scientific was
used in our study, and results may be not generalizable to other
manufacturers as differences exist between the various available
systems.22 Yet, our health status results were similar to those of
previous trials using other RPM systems.4

Conclusion

In conclusion, the REMOTE-CIED study results show that patient-
reported health status and ICD acceptance do not differ between
patients on RPM and patients receiving in-clinic check-ups alone in
the first 2 years after ICD implantation. Previous analyses of qualita-
tive REMOTE-CIED data showed that patients in the RPM group
were highly satisfied with the RPM system (median score of 9 out of
10), yet a subgroup of patients (19%) preferred in-clinic follow-up.23

Future RPM studies considering both physicians’ and patients’ needs
and preferences are warranted to find ways to optimize (i) the han-
dling of ICD and heart failure data and (ii) patients’ active involvement
in managing their health. This may improve clinical and patient-
reported outcomes and lower costs.
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A case of wide complex tachycardia with regular fusion beats
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A 90-year-old man was admitted
with palpitation and chest tightness
for 2 h. He was known to have persis-
tent atrial fibrillation (AF) and had a
single chamber pacemaker (VVIR)
implantation 9 years ago. His echo-
cardiogram, about a year ago,
showed moderate left ventricular
dysfunction and moderate aortic
stenosis.

This was ventricular tachycardia (VT)
at a rate of 187 b.p.m. Every 4th beat
was a fusion of pacing beat and intrinsic
ventricular rhythm. He was known to
have persistent AF and hence any regu-
lar supraventricular rhythm was very
unlikely. Rarely in presence of AF, VT
can show evidence of fusion but in that
case fusion beats will be irregular.

After interrogation of the pacemaker
we saw, the tachycardia cycle length
was less than ventricular refractory
period (which in this case was 330 ms),
so the pacemaker went into noise reversion mode. Hence sensing during refractory period was restarting another cycle of refractory period. This
resulted in asynchronous pacing and pacemaker was delivering a pacing stimulus 857 ms from the last sensed event here (lower rate of 70 b.p.m.)
and every 4th beat was a fusion of pacing beat and intrinsic VT beat.

This is an interesting case of wide complex tachycardia with regular fusion beats. Fusion beats were product of pacing stimuli and intrinsic
rhythm of VT. In spite of tachycardia, pacing stimuli were delivered because of noise reversion mode.

The full-length version of this report can be viewed at: https://www.escardio.org/Education/E-Learning/Clinical-cases/Electrophysiology.
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