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Remote monitoring in ICD patient
within a therapeutic plan : a mere 

hope or reality?



Remote Monitoring in ICD and 
CRT-D devices

• RM has been developed to increase detection of 
critical events and improve medical management 
of implanted patients

• Significant differences exist between device
related RM provided by different manufacturers

• Several observational and randomized studies
have been carried out to evaluate the advantages
of RM
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Modified from Europace (2012) 14, 278–293
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Observational studies
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All cause mortality



The results of RM RCTs provide strong 
evidence of the safety of RM, with the 
suggestion of a potential mortality benefit 
with technologies using daily transmission
verification.



Circulation. 2010;122:325-332
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Scheduled-unscheduled visits Early arrhythmias dectection



Lancet 2014; 384: 583–90

All shocks, inapproriate shocks and capacitator charges
observed in the intention to treat population

Europace 2012

Kaplan-Meier curves of patient survival



Meta-analisi degli studi TRUST, 
ECOST e IN-TIME 

Hindricks G et al: ESC 2016



Meta-analisi degli studi ECOST e IN-
TIME 
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Multi-parameters HF Monitor





1. Long-term ambulatory monitoring using implantable devices featuring remote 
access and wireless alerting capabilities enables the dynamic assessment of the HF 
status, thus providing the opportunity to optimize treatment strategies for HF in a 
timely fashion.

2. Like any diagnostic (weight, temperature, ECG, etc.), diagnostic information must 
be coupled with appropriate clinical actions in order to improve outcomes in HF 
patients.

European Heart Journal (2013) 34, 2472–2480
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Intracardiac Impedance (ICI)

• 4-terminal impedance 
measurement is used:

– Current is injected via RV-lead coil 
and tip

– Current is conducted by 
surrounding blood and myocardial 
tissue

– Voltage is sampled via tip and ring 
of LV leadI

V

I… Current (injected)
V… Voltage (measured)



Intracardiac Impedance (ICI)

ICI & Hemodynamics

Ventricular contraction:

 smaller fraction of blood between RV and LV lead
 smaller distance between RV and LV lead
measurement of large voltage

 larger impedance Z

Ventricular relaxation:

 bigger fraction of blood between RV and LV lead
 bigger distance between RV and LV lead
measurement of small voltage

 lower impedance Z

VZ
I

=



Normal heart: increasing HR  CI increases; ESV does not change with reduced EDV
Dilated hearts:  increasing HR  CI decreases; ESV increases with unchanged EDV



SonR
• SonR utilizza un esclusivo sensore emodinamico integrato nella punta 

dell'elettrocatetere di stimolazione/detezione atriale SonRtipTM

• Il sensore rileva le vibrazioni del muscolo cardiaco che rispecchiano 
il primo tono cardiaco e sono correlate alla contrattilità ventricolare sinistra 

• Esiste una notevole correlazione tra SonR e il primo tono cardiaco (p < 0,0001)
• L'ampiezza del tono cardiaco rispecchia le variazioni del valore di LV dP/dt max
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Heart Rhythm2016;0:-1–8 

Objective: determine whether RM was associated with 
reduced hospitalization and costs in clinical practice

Overall 92.566 patients with PM, CRT-P, ICD, CRT-D  were
evaluated with a mean F-U of 19 ± 12 months:
1. Only 37% (34.259) of patients used RM 
2. While 63% (58.307) were followed with in-person visits only

All-cause hospitalization according to Remote Monitoring use



Conclusions:
• Remote monitoring is likely going to play an 

important role in disease management of ICD and 
CRT-D patients

• RCT have shown that RM can  reduce all-cause 
mortality and WHF hospitalizations, when optimal
work flow and multiparametric approach are 
carried out

• Haemodymanic sensors will further increase our
capability to follow HF patients. 
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