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Remote Device Monitoring

What is remote device monitoring?

 “Remote" because you 
don't need to be at your 
doctor's office to have your 
device checked.  

 "Monitoring" because the 
remote system can check 
your device for specific 
information for your 
doctor’s orders (for example, 
if the battery status and 
event information) and as 
scheduled by your doctor.

 How often your device is 
monitored is determined by 
your doctor.



Remote Device Monitoring

Remote Device Monitoring Systems

 Systems commonly available:
 Medtronic Carelink®

 St. Jude Merlin™@Home and HouseCall Plus™
 Biotronik CardioMessenger®

 Boston Scientific LATITUDE® system 
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 Topics
 Technical issues management 
 HomeGuide Registry
 Atrial Fibrillation management 
 Heart Failure management



Early detection

 Sub-analisys from TRUST study

 1339 pt. (908 HM and 431 no HM)

 The malfunctioning of catheters and 
ICD generator was infrequent and 
often asymptomatic. Only a minority
of detected events has required
surgery. The discovery of such events
through automatic HM has allowed
early detection and facilitated the 
management decisions.

Varma et al., Automatic Remote Monitoring of Implantable Cardioverter-Defibrillator Lead and Generator Performance The Lumos-T Safely 
RedUceS RouTine Office Device Follow-Up (TRUST) Trial; Circ Arrhythm Electrophysiol. 2010;3:428-436



Early detection

 ECOST Study (ICD)
 Primary Endpiont: SAFETY

Safety is comparable in the two 
groups

 Secondary endpoint:
Reduction in appropriate and 

inappropriate shocks

Kacet S et al. A randomized study of remote follow-up of implantable defibrillators. Safety and Efficacy report of the ECOST trial. Eur Heart J, Dec. 2012



 Last analisys on 1650 patients

 Mean Follow-up: 20 ± 13 months

PM 448

ICD 803

CRT-D 399

Dispositivi impiantati

399; 24%
417; 25%

27; 2%

444; 27%

4; 0%

359; 22%

PM monocamerali PM bicamerali PM CRT
ICD monocamerali ICD bicamerali ICD CRT

HomeGuide Registry
Patients enrolled



 2471 adjudicated* MCEs in 838 patients (51%) 

HomeGuide Registry
Major Cardiovascular Events (MCE) adjudication

HM 82%

In-person 
visits
7%

Other 
circustances

11%



HomeGuide Registry
Major Cardiovascular Events (MCE) adjudication



The HM technology, reliable and 
automatic, it may be useful for the 
management of AF and its clinical 
decisions [1]

The HM technology allows early 
diagnosis of atrial fibrillation and 
immediate intervention to optimize 
medical treatment, preventing the 
most serious complications 
especially in asymptomatic patients 
[2]

[1] Varma N. et al., Detection of atrial fibrillation by implanted devices with wireless data transmission capability. PACE 2005
[2] Ricci et al., Remote control of implanted devices through Home Monitoring technology improves detection and clinical management of atrial fibrillation. Europace
2008

AF management



[3] Ricci et al., Home Monitoring in Patients with Implantable Cardiac Devices: Is There a Potential Reduction 
of Stroke Risk? Results from a Computer Model Tested Through Monte Carlo Simulations. JCE 2009

Estimate of the probability of stroke at 2 
years in case of atrial fibrillation as
simulated by the Monte Carlo model.

Probability and confidence interval are 
shown as a function of the interval
between 2 consecutive outpatient follow-
up.

The circular symbols refer to the 
probability resulting from considering
27.3% of symptoms related to FA, the 
square symbols refer to the probability
obtained by considering only 9.1% of 
symptoms related to AF.

Home Monitoring & AF management

 STROKE RISK REDUCTION
 HM technology could reduce the stroke incidence if compared with 

standard FU[3]

 The risk reduction is about 10% if the FU are made every 6 months, and 18% if
they are made every 12 months[3]



Stroke Risk Reduction
13

*  Ricci RP et al. Stroke incidence in patients with cardiac implantable electronic devices remotely 
controlled with automatic alerts of atrial fibrillation. A sub-analysis of the HomeGuide Study. Int J 
Cardiol 2016.  doi:10.1016/j.ijcard.2016.06.016
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• Daily transmission of 10 parameters for the 
possible prevention of failure events
 Ventricular rate during AF
 Mean ventricular rate
 Ventricular rate at rest
 Mean atrial rate
 PVC
 AF Burden
 Activity
 SDANN
 CRT % 
 Transtoracic impedance

HF Monitoring



The possibility of having more diagnostic 
criteria combined, provide a greater 
ability to recognize patients who may 
present heart failure events.

Home Monitoring & HF Management



The CRT-D patients followed up with 
standard visits, without daily remote 
monitoring, went to meet a 86% increase in 
the risk of adverse clinical events due to 
late detection posed by the monitoring
method used during a mean follow-up of 7 
months. No difference about device-related
adverse events.
(De Ruvo, PACE 2010)

Home Monitoring & HF Management



Remote Monitoring of implantable cardiac devices

Remote monitoring of CIEDs exists for more than a 
decade and have been advanced over time. Some 
significant differences exists among available 
technologies about:

- Patient interaction (required for transmitter set up 
and for data transmission or not)

- Number and variety of alarms
- Frequency of data transmission 

(daily, weekly, monthly, quarterly)



Does the frequency of transmissions play a 
role in terms of events detection?

• This study was independently designed to prospectively collect RM
data from patients from January 2009 to January 2011

• All four RM technologies available on the market in those years were
used, assigned to patients prior to implant, and activated at
discharge.



End points

 Primary end point: time to investigator’s first evaluation 
of a true-positive clinical or device-related event during 
the first year whichever was first observed during a 
remote follow-up (whether or not it was triggered by an 
automatic alert) or during an in-person visit.

 The number of RM transmissions, alerts, and the mean 
intervals between consecutive RM transmissions were 
also registered and compared. 

 Frequency of transmissions was taken into consideration 
as this is the major aspect differentiating current RM 
systems.



Daily transmissions and events detection

Daily
transmissions 
were associated to 
a significantly 
higher cumulative 
event rate

The difference in evaluation timing considering periodic 
and daily remote transmission is about 56 days.



Daily transmissions and events detection



The HomeGuide study demonstrate that high frequency of remote 
transmissions is not related to a parallel increase of workload for 
caregivers. 

Seventy-five Italian sites enrolled 1650 patients to estimate 
effectiveness of daily remote monitoring in major cardiovascular 
event detection and management to measure healthcare source 
consumption.



Daily data transmissions and workload

Home Monitoring sensitivity and PPV 
were very high.

The large majority of the events were 
detected during HM sessions and were 
asymptomatic and actionable. 

Impact on outpatient clinic workload 
and resource consumption was 
remarkably low

Monthly manpower of 55.5 (IQR, 22.0–
107.0) min × health personnel/100 
patients



Remote Monitoring and clinical outcome

At the end of the study, patients in the control group had worsen 
composite clinical score than telemonitoring group.

This difference was mainly driven by the lower mortality in the 
telemonitoring group than in the control group. 

The Kaplan-Meier estimate of 1-year all-cause mortality in the 
telemonitoring group was 3,4% versus 8,7% in the control group with a 
probability of survival of more than 60% in the telemonitoring group.

The Lancet, Volume 384, Issue 9943, 16–22 August 2014, Pages 583–590

http://www.sciencedirect.com.offcampus.dam.unito.it/science/journal/01406736/384/9943




Effects of remote monitoring on clinical outcomes and use of healthcare resources in 
heart failure patients with biventricular defibrillators: results of the MORE‐CARE 

multicentre randomized controlled trial

European Journal of Heart Failure 28 AUG 2016



Does the frequency of transmission may have 
an effect on clinical outcome?



Methods

 Electronic databases and reference lists were 
searched for Randomized Controlled Studies (RCTs) 
reporting clinical outcomes in ICD patients who did 
or did not undergo RM. Data were extracted from 
RCTs, including 6,469 patients, 3,496 of whom were 
randomized to RM and 2,973 to IO follow-up.



Results

It was not possible to identify a 
significant overall all-cause 
mortality benefit in meta-analysis
of the 7 RCTs reporting mortality.

A highly significant mortality 
benefit was seen in the subset of 
trials using daily transmission 
system (OR: 0.65; 95% CI: 0.45 
to 0.94; p = 0.021).

Authors suggested that a possible 
mechanism to explain this 
advantage could include daily 
verification of RM transmission.



Daily remote monitoring of implantable cardioverter-
defibrillators: Pooled individual patient data from IN-TIME, 
ECOST, and TRUST trials suggest a mechanism of clinical 
benefit

Preliminary result discussed:

All-cause mortality reduction: 38% (absolute risk reduction 1.9%) p<0.05

All-cause mortality or worsening HF hospitalization: 36% (absolute risk 
reduction 5.6%) p<0.01

ESC Congress 2016, Rome



Mortality Reduction
31

38%
relative reduction one year 

all cause mortality 

Relative risk = 0.62 
95% CI: 0.40 to 0.95 

Hindricks G, J. Proff, N. Varma, S. Kacet, T. Lewalter, P. Sogaard, L. Guedon-Moreau, TA. Gerds, SD. Anker
Daily remote monitoring of implantable cardioverter-defibrillators: Pooled individual patient data from IN-TIME, ECOST, and TRUST trials suggest 
a mechanism of clinical benefit, ESC Congress 2016, Rome



HRS Remote Monitoring Consensus Statement 
Recommendations

HRS Expert Consensus Statement on remote interrogation and monitoring for cardiovascular 
implantable electronic devices, Heart Rhythm, Vol 12, No 7, July 2015



Remote Device Monitoring

In an emergency…

 Remote monitoring does not
replace physician contact!

 Always call 118 in an 
emergency.

 Always call your doctor 
if your health changes suddenly 
or dramatically.
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