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ORIGINAL ARTICLE

Protocol-driven remote monitoring of cardiac resynchronization therapy as
part of a heart failure disease management strategy

Christophe J. P. Smeetsa,b,c , Frederik H. Verbruggea , Julie Vrankenb,c , Jo Van der Auweraa,b,
Wilfried Mullensa, Matthias Duponta, Lars Grietenb , H�el�ene De Canni�erea,b,c , Dorien Lanssensb,c ,
Thijs Vandenberkb,c , Valerie Stormsb, Inge M. Thijsb,c and Pieter Vandervoorta,b,c

aDepartment of Cardiology, Ziekenhuis Oost-Limburg, Genk, Belgium; bMobile Health Unit, Faculty of Medicine and Life Sciences,
Hasselt University, Hasselt, Belgium; cDepartment of Future Health, Ziekenhuis Oost-Limburg, Genk, Belgium

ABSTRACT
Background: Cardiac resynchronisation therapy (CRT) is an established treatment for heart fail-
ure (HF) with reduced ejection fraction. CRT devices are equipped with remote monitoring func-
tions, which are pivotal in the detection of device problems, but may also facilitate disease
management. The aim of this study was to provide a comprehensive overview of the clinical
interventions taken based on remote monitoring.
Methods: This is a single centre observational study of consecutive CRT patients (n¼ 192) partic-
ipating in protocol-driven remote follow-up. Incoming technical- and disease-related alerts were
analysed together with subsequently triggered interventions.
Results: During 34±13 months of follow-up, 1372 alert-containing notifications were received
(2.53 per patient-year of follow-up), comprising 1696 unique alerts (3.12 per patient-year of fol-
low-up). In 60%, notifications resulted in a phone contact. Technical alerts constituted 8% of
incoming alerts (0.23 per patient-year of follow-up). Rhythm (1.43 per patient-year of follow-up)
and bioimpedance alerts (0.98 per patient-year of follow-up) were the most frequent disease-
related alerts. Notifications included a rhythm alert in 39%, which triggered referral to the emer-
gency room (4%), outpatient cardiology clinic (36%) or general practitioner (7%), or resulted in
medication changes (13%). Sole bioimpedance notifications resulted in a telephone contact in
91%, which triggered outpatient evaluation in 8% versus medication changes in 10%. Clinical
outcome was excellent with 97% 1-year survival.
Conclusions: Remote CRT follow-up resulted in 0.23 technical- versus 2.64 disease-related alerts
annually. Rhythm and bioimpedance notifications constituted the majority of incoming notifica-
tions which triggered an actual intervention in 22% and 15% of cases, respectively.
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Introduction

Cardiac resynchronisation therapy (CRT) is a guideline-
recommended treatment for symptomatic heart failure
with reduced ejection fraction and left bundle branch
block or very wide QRS complex (>150ms) [1,2]. The
use of CRT is rapidly increasing, with approximately
51,274 patients receiving a device yearly in Europe [3].
Remote follow-up of this group may offer distinct
advantages to patients, healthcare workers and society
as well. Remote CRT monitoring incorporates surveil-
lance for technical device problems (i.e. battery status,
lead integrity and dislodgement), device programming,
early detection of rhythm disorders, and in some
devices changes in thoracic impedance [4–9].
Implementation of a remote monitoring programme
may substitute some of the scheduled outpatient

device checks and, therefore, reduce the workload in
outpatient device clinics [10–12]. Although some stud-
ies have shown a reduction in the total number and
duration of heart failure hospitalisations [13] and
improved survival [14], other studies [15,16] have
shown conflicting results on a possible clinical benefit
of remote monitoring.

In 2010, a dedicated remote follow-up programme
of heart failure patients with an implantable cardiac
device was started in our centre. A standardised proto-
col with pre-defined patient evaluation and treatment
strategies, which has been proven to be critical in
remote monitoring, was implemented [17]. Dedicated
nurses, trained in electrophysiology, device follow-up
as well as heart failure, reviewed all incoming alerts
in a systematic and standardised manner with
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interventions triggered by protocol-based, guideline-
recommended care and minimal involvement of
physicians. All alerts and interventions taken were
registered prospectively in a dedicated software pro-
gramme. The current observational study presents a
detailed overview and analysis of all remote monitor-
ing alerts and subsequently triggered interventions in
192 CRT patients included in this programme. As such,
the current research builds further on previous studies
since these lack this level of detail [5].

Methods

Study design

This is an observational registry study of CRT patients
from a single tertiary care centre (Ziekenhuis Oost-
Limburg, Genk, Belgium), implanted between February
2010 and May 2013. Since February 2010, all CRT
patients with a defibrillator (CRT-D) were asked to par-
ticipate voluntarily in a remote follow-up programme.
Over time, also CRT patients without defibrillator (CRT-
P) were included, since these devices did not possess
remote monitoring features from the beginning but
started to do so over time. For the current analysis,
only patients enrolled in remote follow-up within 6
months after device implantation were included. All
participants provided written informed consent and
were followed until the 1 February 2015. The study
complies with the Declaration of Helsinki and the
study protocol was approved by the local committee
on human research.

Protocol-driven remote follow-up and alerts

All patients received a vendor-specific transmission
device. The data collected from the CRT device were
transmitted at night to the respective company data-
bases, and subsequently transmitted to the multidis-
ciplinary heart failure and device clinic’s patient
record. Dedicated nurses, trained in electrophysiology
and heart failure, interpreted the notifications during
working days; notifications received during the week-
end were read on Monday. Patients participating in
this programme are encouraged to contact caregivers
at low threshold for any question and the dedicated
nurses subsequently play a pivotal role to decide the
level of care that is needed (i.e. education by heart
failure nurse, general practitioner, general cardiologist,
heart failure specialist, electrophysiologist, etc.). Alert
transmissions are generated when predefined alarm
thresholds were crossed. These thresholds could be
adjusted as needed in individual patients (e.g. the alert
for atrial fibrillation may be turned off in patients with
known atrial fibrillation). In addition, all devices, inde-
pendent from device manufacturer, were programmed
to send a scheduled transmission report on a monthly
basis and alert transmissions on a daily basis. For the
purpose of this analysis only alert-containing notifica-
tions (i.e. scheduled notifications including an alert or
unscheduled alert transmissions) were considered and
alerts were classified into five categories: rhythm alerts,
bioimpedance alerts, technical device alerts, missed
scheduled transmissions and a miscellaneous group
(Table 1). Bioimpedance is an electrical principle which

Table 1. Overview of possible alerts/intervention triggers that were monitored.
Alert category Alert type

Rhythm alert Sinus tachycardia
Supraventricular tachycardia
New-onset atrial fibrillation
<90% biventricular pacing
Non-sustained ventricular tachycardia
Sustained ventricular tachycardia
Ventricular tachycardiaþ ATP
Ventricular tachycardiaþDC shock
Ventricular fibrillationþATP
Ventricular fibrillationþDC shock
High ventricular rate
Premature ventricular complexes
Miscellaneous rhythm alert (PMT, AMS, T-wave oversensing)

Bioimpedancea alert Bioimpedance threshold crossing
Technical device alert Battery end of life

Lead problems (lead noise, lead impedance, malcapture, malsensing)
Device malfunction (back up mode, inappropriate AMS)

Missed scheduled transmission Gateway problem or patient absence
Miscellaneous alerts Heart failure management

Changes in daily activity
Patient contacted the clinical call centre

aOnly for Medtronic devices, Minneapolis, MN (OptiVol and OptiVol 2.0) and St. Jude Medical devices, St. Paul,
MN (CorVue).
AMS: automated mode switch; ATP: antitachycardia pacing; DC: direct current; ER: emergency room; GP: general
practitioner; PMT: pacemaker-mediated tachycardia.
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represents the resistance that opposes a current to
pass through the body. An inverse correlation exists
between bioimpedance and the amount of body fluid.
Changes in bioimpedance measurements therefore
reflect changes in intrathoracic fluid status and can be
used to detect emerging congestion. Bio-impedance
alerts were only available for Medtronic or St. Jude
devices (n¼ 138). Since combinations of alerts were
possible, it was not exceptional that one notification
included multiple alerts.

Intervention protocol

Incoming notifications, both scheduled transmission
reports and alerts, were handled in a standardised
manner with protocol-based interventions according
to guideline recommendations (Figure 1) [17–19]. In
case of an alert suggestive of a significant lead or
device malfunction, a visit at the outpatient device
clinic was arranged for troubleshooting. When a
scheduled transmission report was missed, the patient
was contacted by phone to identify the reason and
exclude hardware malfunction. In case of a relevant
disease alert, the interpreting nurse contacted the
patient by phone for interrogation, using a custom-
made questionnaire (Table 2). Additional questions
could be asked at the discretion of the caregiver in
order to gain better insight in the reason for the alert.
Subsequently, appropriate feedback and general heart
failure education were always provided. If any orange
or red flags were discovered during the interview, fur-
ther action was planned in consultation with a dedi-
cated heart failure specialist. A notification did not
result in a patient contact when it was repetitive or

related to a known condition, or when a clinical fol-
low-up visit was already scheduled for the near future.

Outpatient follow-up

Patients enrolled in remote follow-up visit the out-
patient cardiology clinic for device and clinical heart
failure follow-up at 6 weeks after implantation and
subsequently every 6 months with a minimum of two
visits per year, as per standard practice in our institu-
tion. Patients were followed until death, exclusion
from remote follow-up, heart transplantation, or
1 February 2015, whichever came first.

Statistical analysis

Continuous variables are expressed as mean± standard
deviation if normally distributed, or otherwise as
median (interquartile range). Normality was assessed
by the Shapiro–Wilk statistic. To define statistical differ-
ences between the different CRT manufacturers, the
Kruskal–Wallis test and Mann–Whitney U test were
performed for respectively rhythm and bioimpedance-
related notifications. All statistical analyses were per-
formed using the Statistical Package for Social
Sciences release 23.0 (IBMVR SPSSVR Inc., Chicago, IL).

Results

Study population

From 344 eligible CRT patients, 110 patients were
excluded due to the presence of a CRT-P device with-
out remote monitoring capabilities and three patients
refused study participation. 33 patients were included

Scheduled transmission

report
Alert transmission

No event
Missed

transmission
Event

Contact patient

Technical device

alert

Disease-related

alert

Outpatient device

clinic visit and

troubleshooting

Inappropriate

No further action

Known arrhythmia

without therapeuthic

implication

Relevant disease

alert

Heart failure

questionnaire
No further action

No further action

Appropriate

Figure 1. Schematic overview of notification handling.
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in the remote monitoring programme more than 6
months after device implantation and were therefore
also excluded and finally six patients were excluded
due to follow-up in another centre. A final study popu-
lation of 192 patients was included in the study: 159
CRT-D patients (83%) and 33 CRT-P patients (17%).
A study flowchart is provided in Figure 2. For 180
patients, there was a de-novo CRT implantation among
which 25 patients already had a previous pacemaker
or implantable cardioverter defibrillator (ICD) device
and 12 patients already had a CRT device without
remote monitoring enrolment and received an update
or battery replacement. The median time interval
between CRT implantation and start of remote follow-
up was 1 day (IQR 1–2 d), with 161 (84%) patients
included within one week. Patients were followed for
34 ± 13 months. The total number of elective follow-up
visits to the outpatient heart failure clinic was 3.08 per
patient-year of follow-up. When excluding the visits
triggered by remote monitoring, this number was
equal to 2.81 visits per patient-year of follow-up.
Baseline characteristics of the study population at the
time of implantation are provided in Table 3.

Remote follow-up notifications and alerts

A total of 1372 alert-containing remote monitoring
notifications were received in 176 patients (92%) dur-
ing 543 cumulative patient-years of follow-up, corre-
sponding to 2.53 notifications per patient-year of
follow-up. In 60% (820) of all notifications the patient
was eventually contacted, corresponding to 1.51 tele-
phone contacts per patient-year of follow-up, leading
to 837 interventions. 165 patients (86%) were con-
tacted at least once during follow-up. The total of
1372 alert-containing notifications comprised 1696
unique alerts (3.12 alerts per patient-year of follow-
up). An overview of the frequency of each alert cat-
egory is presented in Figure 3. The large majority of
these alerts (n¼ 1434, 85%) were disease-related
(i.e. 775 rhythm, 532 bioimpedance and 127 miscellan-
eous), with missed scheduled transmissions (n¼ 134)
and technical device alerts (n¼ 128) each representing
almost 8%.

An overview of the interventions that resulted from
the alerts when the patient was contacted is shown in
Figure 4. Telephonic heart failure education was

Table 2. Custom-made questionnaire used for patient interrogation in case of a relevant disease alert.

Last visit by the general 
prac��oner 

Date: MM/DD/YYYY
Reason & findings:...…………………………………………………………………………..

Daily ac�vity Unchanged 
Worsened, but with 
few limita�ons 

Significantly restricted 

Dyspnea’s 
NYHA I or 
stable NYHA II 

Worsening NYHA II 
or stable NYHA III 

Worsening NYHA III or 
NYHA IV 

Retrosternal pain No Stable Unstable 

Episodes of (pre-)syncope No 

Palpita�ons No Yes  

Increase in weight No 

Yes

Yes, ……… kg

Edema No Limited and stable Pronounced or increasing 

Changes in diet No  Yes, ………….…..……… 

Changes in medica�on No Yes, ……………………… 

Ac�on 
No further 

ac�on 

Discuss possible 
ac�on with heart 
failure specialist 

Plan ac�on with heart 
failure specialist: 

1. Visit general prac��oner 
2. Visit general cardiologist 
3. Visit electrophysiologist 
4. Visit heart failure 

specialist 
5. Visit emergency room 

NYHA: New York Heart Association functional class.
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deemed sufficient in 530 cases (63%). The alarm
resulted in a hospital admission or an emergency
room visit in 1%. About 18% of cases were managed
through the outpatient cardiology clinic. In 13% of
cases, the patient was asked to consult the general
practitioner and in 9%, the general practitioner was
advised to change the patient’s medication (i.e. 6%

changes in (loop) diuretics and 3% changes in other
medications). In the remainder of cases, technical sup-
port was provided (5%).

For the purpose of the current study, no detailed
time logging was performed. However, Ziekenhuis
Oost-Limburg has currently over 900 patients in active
remote monitoring follow-up. The remote follow-up of
these patients by the nurses takes about five to six
hours a day. Therefore, it can be calculated that the
time spent daily by the remote monitoring nurses to
review all incoming alert-containing notifications for
the 192 patients included in the current study is equal
to 1.07–1.28 h.

Technical device alerts

Over the total follow-up period, 128 technical device
alerts were received for lead problems (n¼ 81), loss of
capture (n¼ 24), device malfunction (n¼ 17), a battery
that was end of life (n¼ 4) or technical support (n¼ 2).
This corresponded to 0.23 technical device alerts per
patient-year of follow-up. In the four cases where a
battery end of life alert was triggered, a device
exchange was planned. In case of device, lead or lead
threshold problems, the patient was asked to visit the
hospital for further evaluation and adjust device set-
tings when appropriate. In addition, the clinical call
centre registered 134 missed scheduled transmissions,

Patients with de novo CRT

implantation between

February 2010 and May 2013

(n=344)

Excluded:

Study population
(n=192)

Patients included in the RM

follow-up program

(n=231)

Patients not included in RM because of

patient refusal (n=3) or CRT-P device with no

remote monitoring capabilities (n=110)

- Patients included in the RM follow-up

   program >6 months after implantation (n=33)

- Patient follow-up in other center (n=6)

Figure 2. Flowchart of the study. CRT: cardiac resynchronisation therapy; RM: remote monitoring.

Table 3. Baseline characteristics of the study population
(n¼ 192).
Variables Study population (n¼ 192)

Age, years 71 ± 11
Male gender 153 (80%)
NYHA functional class (II/III) 24/125 (16/83%)
Left ventricular ejection fraction, % 29 ± 9
QRS width, ms 148 ± 28
Ischemic heart disease 114 (59%)
Valvular surgery 21 (11%)
Atrial fibrillation 80 (42%)
Diabetes 44 (23%)
Chronic obstructive pulmonary disease 26 (14%)
Medication use

Renin–angiotensin system blocker 161 (84%)
Beta blocker 183 (95%)
Spironolactone 135 (70%)
Loop diuretic 92 (48%)
Digoxin 29 (15%)
Statin 114 (59%)

CRT manufacturer
Medtronic 83 (43%)
St Jude Medical 69 (36%)
Biotronik 38 (20%)
Boston Scientific 2 (1%)

Continuous data are expressed as mean ± SD if normally distributed and
dichotomous data are expressed as n (%). NYHA: New York Heart
Association.
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in which case the patient was contacted and a gate-
way reset or new transmitter was provided if needed.

Approach to rhythm and bioimpedance alerts

Rhythm (775) and bioimpedance (532) alerts constituted
the large majority of relevant disease-related alerts. The
775 rhythm alerts were comprised in 610 notifications
which were received in 144 patients (75%). A detailed
overview of the distribution of rhythm alarms and the
specific interventions they triggered is shown in Table
A1 in the Appendix. Notifications including a rhythm
alert were deemed clinically relevant and thus warrant-
ing a phone call to the patient in 235/610 cases (39%)
and initiated 248 interventions in total (Figure 5, left
part). In 4% of cases, the patient was asked to visit the
emergency room or an outpatient evaluation was
arranged with the patient’s cardiologist (36%) or general
practitioner (7%) and medical therapy was adjusted in
13%. In 40% of cases, no further action was taken and
reinforcement of heart failure education was sufficient.
No differences were found for the number of

rhythm-related notifications across the different CRT
manufacturers.

Of all bioimpedance-containing notifications (532),
485 notifications contained only a bioimpedance alert
with no combination of other alerts. These sole bioim-
pedance notifications triggered 439 phone calls to
which 445 interventions were coupled (Figure 5, right
part). In the remainder 46 cases, the patient was not
contacted due to a recent outpatient visit or an out-
patient visit scheduled in the near future or because
of a known ongoing bioimpedance threshold crossing.
Medication was changed in 10%, while an outpatient
evaluation with the patient’s general practitioner or
cardiologist was arranged in both 4% of cases. In 82%
of cases, only general heart failure education was pro-
vided and no further action was implied since patient
interrogation often did not reveal any acute signs of
congestion. No differences were found for the amount
of bioimpedance-containing notifications across the
different CRT manufacturers.

Clinical outcome

During the total follow-up 25 patients died, leading to
1-year and 3-year survival rates of 97% and 88%,
respectively. After 1 year of follow-up, 176 patients
(92%) were free from hospital admissions with a primary
diagnosis of heart failure and 169 (88%) were free from
death and heart failure readmission. At 3-year follow-up,
these numbers were equal to 85% and 75% respectively.
In total, there were 214 cardiac-related hospitalisations
for 86 (45%) patients of which 133 were non-elective
and 45 were heart failure-related. For those who had at
least one cardiac-related hospitalisation, the median
length of stay was 7 d (IQR 3–18).

Discussion

CRT is an established therapy in the treatment of heart
failure with reduced ejection fraction and conduction

Figure 3. Frequency of alert categories with the number of alerts per patient-year of follow-up presented above.

Figure 4. Overview of the interventions triggered by remote
follow-up alerts when the patient was contacted.
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delay [1,2]. In such patients, the presence of an
implantable cardiac device offers the attractive possi-
bility for remote monitoring. The current observational
registry study provides a clear insight in a single
centre experience of standardised protocol-driven
remote follow-up of a large cohort of patients with
heart failure treated with CRT, who were followed in a
dedicated heart failure clinic. It offers a comprehensive
and detailed overview of incoming alarm notifications
and individual alerts. The single Belgian tertiary care
centre where the study was performed accounts for
approximately 15% of Belgian CRT implantations [20].

Major insights were (1) in case of a remote monitor-
ing notification, the patient was contacted for further
evaluation in 60% of cases; (2) technical device alerts
and missed transmissions were relatively infrequent,
each constituting only 8% of the total number of
incoming alerts; (3) rhythm (46%) and bioimpedance
(31%) alerts constituted the majority of incoming dis-
ease-related alerts; (4) notifications including a rhythm
alert triggered an actual intervention in 22%, while
this was only 15% for sole bioimpedance notifications.

A shortcoming in current studies is the lack of infor-
mation as to what clinical actions were taken based
on the information gathered via remote monitoring,
making it difficult to assess which components of a
programme are implied in perceived outcome benefits
[5]. A better insight and standardisation in remote
monitoring strategies is therefore urgently needed.

The current study provides helpful information in this
respect as it provides a detailed description of a stand-
ardised remote monitoring protocol and reports both
the frequency and therapeutic consequences of
remote monitoring alerts in depth with a mean follow-
up of almost three years.

A first observation is that alerts were frequent, with
an incidence of approximately three per patient-year
of follow-up. In the majority of cases (60%), these
alerts resulted in the patient being contacted for fur-
ther evaluation and/or therapeutic intervention. In
addition, progress has been made in recent years to
reduce transmission problems as these alerts repre-
sented only 8% of all incoming alerts. Furthermore,
technical alarms for lead and device problems were
also relatively infrequent (8%) and will probably
decrease over time with further technical innovations.
In contrast, rhythm alerts were the most frequent and
triggered further therapeutic interventions in 22% of
cases. Bioimpedance alerts triggered frequent phone
contacts (91%), but led to few therapeutic interven-
tions (15%), indicating a low specificity of these alerts.
This may suggest that when financial or logistic con-
straints apply to a remote follow-up programme for
CRT, prioritising focus on rhythm alerts could be an
efficient strategy. In this study, cardiology consultation
was the most frequently triggered intervention (18%),
but many patients were also helped through instruc-
tions by phone (63%) or via their general practitioner

Figure 5. Overview of the interventions that resulted from relevant rhythm alerts (left) and bioimpedance alerts (right) for which
the patient was contacted by phone.

ACTA CARDIOLOGICA 7



(13%). Only a very small proportion of alerts (<5%)
resulted in hospital admission. Remote monitoring as
organised in the current study did not lead to more
frequent visits to the emergency room for trouble-
shooting, as has been observed in some studies [21].
Overall admission rate in this study at one year of fol-
low-up was 12%. Our results emphasise that remote
follow-up of CRT patients is feasible with direct feed-
back loops that require minimal input from physicians,
but rely on specialised caregivers trained in electro-
physiology and heart failure with patients having a
low threshold to contact caregivers for any question
and the dedicated nurses subsequently play a pivotal
role to decide the level of care that is needed. With
such an approach, clinical outcome was comparable
with the literature with one and three-year survival
rates of, respectively, 97% and 88% and, respectively,
92% and 85% were free from hospital admissions with
a primary diagnosis of heart failure [14].

This study should be interpreted in the light of some
limitations. First, it was a relatively small and single-
centre study, which may impact its external validity.
Secondly, while clinical outcomes may be compared
with other contemporary CRT cohorts, study inclusion
was based on voluntary participation to remote follow-
up and there was no control group. Therefore, one can-
not exclude the possibility that enrolled patients were
more motivated for follow-up with better expected
compliance to therapies. However, at our centre, the
overwhelming majority (>99%) of patients agrees with
remote follow-up, reducing the risk for selection bias.
Finally, remote monitoring options for CRT-P devices
were limited at the start of the study, leading to less
such patients included.

Conclusions

Remote follow-up of CRT patients resulted in 3.12
alerts per patient-year of follow-up: 0.23 technical
device alerts versus 2.64 disease-related alerts per
patient-year of follow-up. Rhythm and bioimpedance
alerts constituted the majority of incoming alerts
(respectively, 1.43 versus 0.98 alerts per patient year of
follow-up) and triggered an intervention in 22% and
15%, respectively. A transition from device to disease
monitoring has been observed in recent years. By
structured notification handling according to standar-
dised questionnaires and decision trees in a well-
organised remote monitoring follow-up programme,
survival rates reach comparable results as those from
randomised controlled trials. In the future, this disease
management will only improve by enhanced device
algorithms and multi-parameter handling.
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Appendix

Table A1. Detailed overview of the rhythm and sole bioimpedance alerts and the triggered interventions.
Triggered intervention

Type of alert
Number of
alerts (%)

Further action by
investigational

site (%)

Diuretic
adjustment

(%)
Other medication
adjustment (%)

General
practitioner

consultation (%)

Cardiology
consultation

(%)

Emergency
room

referral (%)

Rhythm-related alerts
VF 9 (1) 6 (67) 0 0 0 4 (67) 2 (33)
VT with shock 5 (1) 2 (40) 0 0 0 2 (100) 0
VT with ATP 38 (5) 14 (37) 0 3 (21) 0 8 (57) 3 (21)
VT without intervention 73 (9) 19 (26) 0 3 (16) 5 (26) 9 (47) 3 (16)
AF 138 (18) 47 (34) 2 (4) 6 (13) 6 (13) 34 (72) 4 (9)
SVT not otherwise specified 100 (13) 27 (27) 2 (7) 6 (22) 8 (30) 17 (63) 0
Non-sustained VT 143 (18) 13 (9) 1 (8) 4 (31) 2 (15) 7 (54) 0
PVC 104 (13) 18 (17) 2 (11) 2 (11) 0 15 (83) 0
<90% BIV pacing 136 (18) 39 (29) 4 (10) 6 (15) 2 (5) 30 (77) 3 (8)
Decreased HR variability 18 (2) 2 (11) 0 0 0 2 (100) 0
Other 11 (1) 2 (18) 0 0 0 2 (100) 0

Sole bioimpedance alerts 485 73 (15) 38 (52) 4 (5) 16 (22) 20 (27) 0

Data are expressed as n (%).
VF: ventricular fibrillation; VT: ventricular tachycardia; ATP: antitachycardia pacing; AF: atrial fibrillation; SVT: supraventricular tachycardia; PVC: premature
ventricular complexes; BIV: biventricular; HR: heart rate.
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