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• Balance

• Blood pressure monitor

• Self measurement of BNP

• e-Questionaires on symptoms

• Pacemaker

• Defibrillator

• LifeVest

• Pressure sensor
• Holter

External Devices

for Self-measurement
Implantable Cardiac Devices

for Therapeutic
Implantable Cardiac Devices

for Diagnosis
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Telemedicine technologies in Cardiology
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http://www.google.fr/url?url=http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-mediakit&ID=RevealLINQInsertableCardiacMonitorforIrregularHeartbeats&rct=j&frm=1&q=&esrc=s&sa=U&ei=gbA0VffbGMnXaqWHgVA&ved=0CBgQ9QEwAQ&usg=AFQjCNFB-JwV7On8gusPH0HyjCSZPsr15w
http://www.google.fr/url?url=http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-mediakit&ID=RevealLINQInsertableCardiacMonitorforIrregularHeartbeats&rct=j&frm=1&q=&esrc=s&sa=U&ei=gbA0VffbGMnXaqWHgVA&ved=0CBgQ9QEwAQ&usg=AFQjCNFB-JwV7On8gusPH0HyjCSZPsr15w


• Ventricular
• Supraventricular

• Battery
• Leads
• Device

• Heart rate
• Ventilation
• Activity
• Thoracic impedance
• HRV
• % CRT

Pacemaker and ICD

Technical parameters

Arrhythmias

Heart failure parameters
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Remote monitoring of ICD : a pioneer application
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HRS Expert consensus statement on home monitoring. HRS may 2015

Cardiac Implantable Electronic Device





HRS Expert consensus statement on home monitoring. HRS may 2015



Hindricks Lancet 2014Prospective randomized study
333 patients (remote group) vs 331 (control group)

 50 % reduction in 1 year mortality
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IN-TIME Study



EFFECT Study
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Prospective non-randomized study
499 patients (remote group) vs 488 (control group)
Primary endpoint: Death + cardiovascular hospitalization

56% decrease of deaths and cardiovascular
hospitalizations with RM

De Simone A et al. Europace 2015





CHOCK





Atrial fibrillation



Stroke



Remote Monitoring & early detection of AF

Author RM system Device
Nb of

Patients
Endpoint

Varma
2005 Home Monitoring PM 276

Home Monitoring detected AF in 29 patients (3 unknown
AF)

Lazarus
2007

Home Monitoring PM + ICD 11 624 >60% of PM patients’ alerts were related to AF detection

Crossley
2009

CareLink
3-monthRemote 

Interrogations
PM 980 Almost twice AT/AF events detected in the remote arm

Ricci
2009 Home Monitoring 73% PM 166

20% of patients had alerts for AF. 88% of unscheduled
follow-up for AF were actionnable
Reduction of reaction time: 148 days

Varma
2010 Home Monitoring ICD 1339

Reduction of detection time:
5.5 days for HM vs 40 days for ambulatory follow-up

Crossley
2011 CareLink ICD + CRT-D 1997

Reduction of the  time of AF detection to clinical decision:
3 days in RM vs 24 in in-office groups

Amara
2014 Home Monitoring PM 595

Reduction of detection time:
114 days in the RM vs 224 in in-office groups



Author System Device
Nb of

Patients
Follow-up Endpoint

Capucci
2005 Medtronic PM 725 22 months

The risk of embolism is 3 times increased in patients with
device-detected AF episodes > 1 day

Glotzer
2009 Medtronic

PM
ICD 

CRT-D
2 486 1.4 year

AT/AF burden > 5.5 hours on any prior days doubles 
thromboembolic risk

Daoud
2011 Medtronic

PM
ICD 

CRT-D
40 1.4 year

AT/AF was detected prior to cerebrovascular events/systemic
emboli in only 50% of the patients

Shanmugam
2012

Home 
Monitoring

CRT-D 560 370 days
Patients with AHRE > 3.8 h over a day were 9 times more likely
to developp thromboembolic complications

Brambatti
2014

St Jude 
Medical

PM
ICD

2 580 2.5 years
SCAF > 6 min is associated with a 2.5-fold inreased risk of 
stroke and systemic embolism
Only 8% patients had SCAF within 30 days before TE

Boriani
2014

Medtronic
PM 
ICD

CRT-D
10 016 24 months

43% of the patients experienced at least 1 day with an atrial 
burden of at least 5 min
For every additional hour increase in the daily maximum of AF 
burden the relative risk for stroke inceased by about 3%

AF detected with RM and strokes

No temporal relationship between AHRE and strokes



IMPACT study

Start & stop anticoagulation based on atrial burden detected by Remote Monitoring
vs

Anticoagulation determined by the standard clinical criteria

Martin  EHJ 2015

The incidence of the composite endpoint of 
stroke, systemic embolism & major bleeding
did not differ between groups

Follow-up: 701 days

Prospective randomized multicenter study
2 718 patients with dual chamber or CRT ICD



The management of anticoagulation therapy guided by Remote
Monitoring of atrial vulnerability requires further studies

• A population with a high risk of stroke

• A rational programming of the  parameters for the  
automatic diagnosis of AF & for AF related alerts

• A confirmation with the EGMs of automatically
detected AF, before starting anticoagulation

• No withdrawal of anticoagulation whatever the 
evolution of atrial burden

• Use of direct oral anticoagulants

• Long follow-up



Heart failure





Heart rate Ventilation Activity

1 2 3

HF Remote monitoring



Autonomic tone Thoracic impedance CRT %
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•SDNN 140 ± 40 ms
•SDANN 127 ± 35 ms
•Footprint 40 - 60 %
•LF / HF 1.5 - 2
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HF Remote monitoring



%CRT

Heart rate

HRV

Activity

Atrial burden

Thoracic impedance

ESV

HR during AF



Primary endpoint: A clinical composite outcome based on all-cause mortality and
hospitalizations for worsening heart failure.

Objective: to assess the impact of the remote monitoring with a new operating system
on heart failure patients implanted with a CRT device (CRT-D or CRT-P).

Prospective (652 patients / Enrollment period, 24 months)

Interventional

Open randomized clinical trial in 1:1

National (50 French centers)

Biotronik CRT-P / CRT-D devices

Remote Monitoring activated

ECOST-CRT 
The Efficacy, safety and Cost of comprehensive versus standard remote monitoring of patients with 
Cardiac Resynchronization Therapy study

Methodology

 



Active group: In addition to notifications related to technical events and 
ventricular arrhythmias, the physician will receive notifications related to HF 
parameters, atrial arrhythmias, and patient's symptoms and signs

ECOST-CRT 





Conclusion

The implantable cardiac electronic devices remote

monitoring has became the gold standard for the 

follow-up of patients . 

Studies are expected to optimise remote

management of  AF and HF 
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