
Daily automatic monitoring 
and the actionable model:  

from device control to the best 
management of the disease 

 

Dipartimento 
Cardiovascolare 

Città della Salute e della 
Scienza di Torino 

            
           

            
           

Carlo Budano 



 The ability of a device to provide a wide spectrum of 
informations is not the only condition to be reached 
to achieve the best clinical management of the 
patient. 

 

 Only a reliable and timely control system allows to 
optimize the use of informations and obtain an 
optimal clinical outcome 



Imagine the possibilities 

Remote Device Monitoring 

 Your doctor may be getting important information from 
your device while you are relaxing at home. 



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 per 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 

What is remote device monitoring? 

All patients should have regular 
monitoring of their device and 
health. 
 
Three factors determine what 
type of monitoring system your 
doctor will prescribe for you: 

1. The type of device you have.  
2. The manufacturer of your 

device.  
3. What you and your doctor 

decide is the best approach for 
you. 

 

Why are there so 
many types of 

monitoring 
systems? 

Why do I use one 
monitoring system 

for my device, while 
someone else I 

know uses a 
different system?  



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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NurseNurse

In case of critical In case of critical 
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uncertain uncertain 

interpretationinterpretation

Responsible Responsible 
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Phone ContactPhone Contact
(transmission interruptions, (transmission interruptions, 
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 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 



HomeGuide Registry 
Patients enrolled 



 2471 adjudicated* MCEs in 838 patients (51%)  
*Adjudicating Board: Brieda, Campana, Melissano, L.Santini, Toselli 

HomeGuide Registry 
Major Cardiovascular Events (MCE) adjudication 

HM 82% 

In-person  
visits 
7% 

Other  
circustances 

11% 



HomeGuide Registry 
Major Cardiovascular Events (MCE) adjudication 



HomeGuide Registry 
Major Cardiovascular Events (MCE) adjudication 



HomeGuide Registry 
Sensitivity for class of MCE 



Observed MCEs 

Sensitivity:  84% (95%CI, 82%-86%) 
Positive Predictive Value: 97% (95%CI, 96%-98%) 

GEE-adjusted estimates 

HM: 

HM Sensitivity HM Reliability 

HomeGuide Registry 
Major Cardiovascular Events (MCE) adjudication 

 



Asymptomatic Actionable 

94% of asymptomatic MCEs were detected during HM sessions 
73% of actionable MCEs were detected during HM sessions 

HomeGuide Registry 
Major Cardiovascular Events (MCE) adjudication 



HomeGuide Registry 
Health Care Resource Consumption (Manpower) 



 Home Monitoring 
Minutes x health personnel / 

month every 100 pts: 
55.5 (22.0-107.0) 

 

 Standard in-office follow-
up 
Minutes x health personnel to 

manage 100 scheduled / 
uscheduled follow-up: 

2100 (1500-3500) 
 

Net saving of 34 labor hours per 100 follow-up 
 

80% of the visits are carried out with doctor and nurse (Eucomed Survey) 
Gross Salary € 0.79 per minute for a doctor, € 0.63 for a nurse (ISTAT 2010) 

 
Cost-saving € 2.322 per 100 follow-up 

HomeGuide Registry 
Health Care Resource Consumption (Manpower) 



Home Monitoring as implemented through 
HomeGuide organizational model is: 
 Highly sensitive (84%) and predictive (97%), especially for 

asymptomatic events that require corrective action (actionable) 
 

 Highly effective for resources optimization (55 minutes / month 
per 100 patients) 

HomeGuide Registry 
Conclusions 
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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 



HM & FA 
 166 patients (121 PM, 22 ICD, 23 CRT-D) 
 Mean FU 488±203 gg 
 42 (26%) pt. with AF ALERT 
 33/42 (78%) pt. with uscheduled FU 

 22/33 (67%) no AF history 
 24/33 (73%) Asymptomatic 
 16/33 (48%) started antiarrhythmic        

17/33 (51%) started anticoagulant             
 

Detection 148 gg (5 months) 
Before than scheduled Follow-Up* 
*(every 6 month for ICD and 12 month for PM) 

Home Monitoring & AF management 

Ricci et al., Remote control of implanted devices through Home Monitoring technology improves detection 
and clinical management of atrial fibrillation. Europace 2008 



[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 
The Home Monitoring technology provides a unique 

opportunity to assess the number and frequency of episodes of 
AF 

Mean Follow-up 370 gg 
The primary endpoint of the study was the incidence of 

thromboembolic events 
Registered AHRE in 40% of patients, of whom 11 (2%) 

developed thromboembolic complications 

Shanmugam et al., Detection of atrial high-rate events by continuous Home Monitoring: clinical significance in the heart 
failure–cardiac resynchronization therapy population. Europace 2011 

Home Monitoring & AF management 
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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 Monitor® 



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 possibility of observing the diagnostic 
parameters faster results in a greater 
capacity to recognize 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 



The Cox proportional hazards model showed 
that the only two independent predictors of 
AEc in the 18 months of observation are the 
method of FU and Ejection Fraction. 
(De Ruvo, PACE 2010) 

Home Monitoring & HF Management 
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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. 

[1] 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 



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, doi :10.1093/eurheartj/ehs425 

Early detection 

 ECOST Study (ICD) 
 Primary Endpiont: SAFETY 

Safety is comparable in the two 
groups 

 Secondary endpoint: 
Reduction in appropriate and 

inappropriate shocks 
 



Early detection 

 ECOST Study (ICD) 
 Endpiont : SAFETY 

Safety is comparable in the two 
groups 

 Secondary endpoint: 
Reduction in appropriate and 

inappropriate shocks 
Reductionin ICD capacitors charge 

 
 

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, doi :10.1093/eurheartj/ehs425 



Early detection 

 54 ICD patients underwent to revision surgery due to the 
malfunctioning of the ventricular catheter 

 (43 HM OFF vs 11 HM ON) 

 The authors analyzed the data received from Biotronik 
HM system: 
 The diagnosis of complications associated with 

transvenous defibrillation was possible in 10/11 (91%) 
cases thanks to an alert system HM * 

 The automatic monitoring system of HM allows early 
detection of problems related to catheters and react 
quickly to avoid inappropriate therapy 

[1] S. Spencker, Potential role of home monitoring to reduce inappropriate shocks in implantable 
cardioverterdefibrillator patients due to lead failure. EUROPACE 2009. doi:10.1093/europace/eun350 
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Conclusions 

Daily reporting of all parameters, with dedicated 
programmable alarms, highlights a unique ability to 
early detection of clinical and technical events 
(arrhythmias and heart). 
 

The easy use of the system leads to a reduction in 
workload without compromising patient safety. 

[1] S. Spencker, Potential role of home monitoring to reduce inappropriate shocks in implantable 
cardioverterdefibrillator patients due to lead failure. EUROPACE 2009. doi:10.1093/europace/eun350 



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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