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First Tele-ECG 
worldwide



Evolution of RM Technology
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Remote Interrogation vs Remote Monitoring
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TRUST trial: In hospital follow-up reduction
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TRUST trial: event early detection

Varma N et. al. Efficacy and Safety of Automatic Remote Monitoring for Implantable 
Cardioverter-Defibrillator Follow-Up: The Lumos-T Safely Reduces Routine Office Device 
Follow-Up (TRUST) Trial. Circulation. 2010;122(4):325-32 



Dispositivi impiantati

CRT-D; 399; 24%

PM DC; 417; 25%

CRT-P; 27; 2%

ICD SC; 444; 27%

PM SC; 4; 0%

ICD DC; 359; 22%

Trend arruolamento dall'inizio del Registro
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1650 pts in 75 Italian Centers

94% of asymptomatic events and 73% of 

actionable events detected by RM



Kaplan-Meier plots of time to device replacement

due to battery depletion

201 patients implanted with Cylos DR-T pacemaker

Ricci RP et al Heart Rhythm 2015 Feb;12(2):330-7



Guedon-Moreau L, et al. A randomized study of remote follow-up of implantable cardioverter 
defibrillators: safety and efficacy report of the ECOST trial. Eur Heart J. 2012;34(8):605-14.

ECOST trial: inappropriate shock reduction
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2.36.3 9.861.5

p<0.05

69 72

Mean per patient:

Number of patients:

Range [Nb shocks]: [0-58] [0-760]
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p<0.01

Number of patients: 47 56
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52% reduction in inappropriate shocks

72% reduction of hospitalizations for inappropriate shocks
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HM - AF detection



Benefits of AF early detection

• Early anticoagulation

• Antiarrhythmic drug treatment optimization

• Timely electrical cardioversion

• Rate control monitoring

• Ablation procedure scheduling (including AVN)

• Heart failure prevention

• Inappropriate shock prevention



Hospitalization ER 

visit  Urgent Care

Worsening 

Symptoms or 

Weight 

Change

Euvolemia 

Stable NYHA 

Class

Filling Pressures 

Increase

Sympathetic Activation 

Stable NYHA Class

Change in Impedance

Days > 30 -21 to -7 -6 to -2 0 to 5 

Pulmonary congestion is difficult to recognize in its early stages

of development because of the late appearance of symptoms

before hospitalization.

Acute HF event prevention

Proactive phase Reactive phase

B. Adamson, 2006 Supp Card. Medicine



Mean Heart Rate 1.8% increased risk of wHF per 1 
bpm increase of mean heart rate

Atrial Arrhythmias Well assessed predictor of wHF 

PVC frequency Associated with 5.5-fold increased 
risk of cardiovascular death 

Exercise and daily activity Inability to maximal exercise for at 
least 4 minutes predicts death 
and wHF

Heart Rate variability HRV reduction is associated with wHF

Thoracic Impedance 60% PPV (wHF)

HF Longitudinal Indicators

Ventricular Pacing Percentage
As high as possible in CRT as low 
as possible in single / dual chamber ICD



Intrathoracic Impedance

HF drug therapy 

adjustment

Intrathoracic impedance 

raise after 1 month



Disease Management
Heart Failure
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Timing of In-Person Evaluation, Remote 
Monitoring, Remote Interrogation
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Patients Resposibilities



NURSE

PHYSICIAN

PM/ICD Implantation

Home Device Delivery
Patient Training
Web Site Data Entry 

1-month follow-up

Nurse Office

Data screening and reviewing
Patient recall in case of missed transmission
Critical event identification

No events: transmission closed by the nurse

critical events

Physician Office

Clinical judgement
Unscheduled follow-up visits

Informed Consent

Remote Monitoring

Nurse Office

Patient recall for unscheduled visits
Further test programming
New transmission scheduling
Patient assistance
Patient compliance check
Drug effect monitoring
Clinical benefits evaluation

Communications with general practitioners and other 
specialists

Organizational Model and CIEDs Team 
Responsibility

Ricci et al.: Europace (2013)15;i49-i53



Organizational Model, the «Network» Model



CIED Industry Responsibility



Pazienti attualmente seguiti nei centri

<50
35%

50-200
40%

201-500
19%

500-1000
5%

>1000
1%

Pazienti attualmente seguiti nei centri

< 50

8%

50-200

14%

201-500

25%501-1000

25%

> 1000

29%

> 200   = 25%

> 500   = 6%

> 1000 = 1%

> 200   = 79%

> 500   = 54%

> 1000 = 29%

SURVEY AIAC 2012 SURVEY AIAC 2016
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Legal and Privacy Considerations
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Conclusion





Thanks

« … In the long history of the human race (and also of the animal 
genus …) those who have learned to collaborate and to improvise 

more effectively, have prevailed …»

(Charles Darwin)



E’ arrivato il tempo di pensare a nuove 
modalità di gestire i pazienti portatori di 
dispositivi, sia in relazione al controllo 
periodico dei parametri elettrici che per 
quanto riguarda le diagnostiche cliniche

La necessità di un modello organizzativo dedicato al 
controllo/monitoraggio remoto dei dispositivi impiantabili



Introduction
Recommendations for exercise, multidisciplinary management and 
monitoring of patients with heart failure



▪ What is the IN-TIME approach?

▪ Which are the major findings?

Introduction



IN-TIME study
Study design and inclusion criteria



Reduction of worsening of clinical status in HM group.

IN-TIME study
Results Primary composite endpoint



• This difference was mainly driven by the lower mortality in the HM
group.

• All-cause mortality reduction 61%(3.4% vs. 8.7%, HR 0.36, 95% CI
0.17–0.74, P=0.004), this means 51 lives saved every 1000 patients
in 1 year follow-up.

• The result was similar considering only cardiovascular deaths.

IN-TIME study
Results 



IN-TIME study
Subgroups analysis 



IN-TIME study
Discussion

″Three mechanisms contributed in parallel to the improved clinical 
outcome, but their contributions are unclear″

▪ Early detection of ventricular and atrial tachyarrhythmias;

▪ Suboptimal device function;

▪ Patient interviews raised patients’ awareness and encouraged them 
to take more responsability for their own health.



IN-TIME approach

What does it consist?



IN-TIME approach
Workflow for detection of critical events and medical 
management of events



• Several typologies of alerts that can be personalized to the subject

IN-TIME approach
Multiparameter monitoring



IN-TIME approach
Daily, automatic and reliable transmissions

• Daily fully automatic system;

• Alert for lack of transmissions (after 3 days of missing messages);

• TRUST (Home Monitoring): 87% of days with successful
transmission;

• IN-TIME (Home Monitoring): 85% of days with successful
transmission;

• With other system percentage of successful transmission with alert
ranges from 55 to 83%.



Our logistic model in 
Legnago Cardiology

1 dedicated cardiology technician

daily review of all RM transmissions
training and education to the patients
solve gap of transmissions issues
filtering known problems
comunication of critical events to responsible physician
close collaboration with HF ambulatory

Time to reaction of RM alerts

RED alerts: immediate comunication to the physician

YELLOW alerts: comunication to the physician by the 
end of the day



ICD PM Loop rec

Medtronic 261 303 51

Biotronik 281 560 2

Boston 98 315

St Jude 13 22

Monitored 

patients

Tot. patients

653

653

961 

2685 

49

53

Monitored patients:  1894

Tot patients:  3391 

Monitored patients at our centre

Data updated to September 2017



Results of 3 years of PM RM in Legnago

A stable yearly reduction of around 17% of the in-hospital visits was 

found since the second year from the RM introduction. 



Results of 3 years of PM RM in Legnago

Despite the increase of CIEDs patients, the implementation of this RM model 

allows the 32% reduction of in office follow up visits in 3 years



Tipologia di allarmi

Unscheduled in-hospital follow up triggered by RM alerts [n(%)] 2013 2014 2015

Autocapture deactivation 12 (21) 19 (20) 29 (26)

Pacing mode reprogramming 12 (21) 18 (19) 10 (9)

Pacing mode reprogramming for AT/AF 8 (14) 12 (12) 19 (17)

Threshold increase 6 (11) 9 (9) 13 (12)

Sensing decrease 2 (3) 5 (5) 6 (5)

Pacing impedance out of range 0 (0) 1 (1) 3 (3)

Transmission problems 13 (23) 22 (23) 20 (18)

Pharmacological therapy optimization 4 (7) 10 (10) 10 (9)

Total 57 (100) 96 (100) 110 (100)

La percentuale di fup ambulatoriali non programmati è del 14% nei pazienti 
in controllo remoto e del 3,5% nel gruppo convenzionale



Thromboembolic stroke in CIEDs 

patients

Total patients with stroke Jan 2012- Dec 2015

Stroke in CIEDs patients

RM patients

Patient managed by  standard in office f.u.



Thromboembolic stroke in CIEDs 

patients

87% Monitored Group

48,2% not Monitored 

Group

Days

Cumulative 

survival



Conclusions and further perspectives

- The use of clinical diagnostic of devices is a possible important tool to 

improve the management fo HF patients

- The IN TIME approach is a potential model 

- In our daily clinical practice, we need a model with nurses or clinicians

dedicated to remote monitoring of ICD and CRT-D patients

- We need a real collaboration between the remote monitoring service and 

the HF ambulatory

- This logistic model should be further investigated in ordinary practice to 

assess its feasibility and efficacy 



Thanks



Final thoughts

o Remote monitoring technologies will play a key role in disease 
management of patients with CIEDs

o Technology and work flow matters; not all remote technology 
platforms are the same.

o Remote monitoring parameters (single parameter vs. multi 
parameter) and work flow for detection of critical events and 
medical management of events play a significant role.

o Pre-defined treatment pathways and central monitoring seems 
critical.

o There is evidence that multiparameter monitoring and optimal 
work flow reduce mortality in CIEDs patients.


