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First application of BIOTRONIK Home 
Monitoring for technical feasibility studies 

First internet-based Home Monitoring system 
Internet based service center and world’s first wireless and 
cellular transmitter for early detection

Bidirectional telemetry and IEGM-Online HD 
Significant increase in data volume to enable remote 
device follow-up and transmit real-time online IEGMs

New system interface with intelligent traffic light 
system & expanded FDA and CE Mark approvals for 
replacement of in-clinic follow-ups and early detection 

 2000

 2003

 2006

 2009

12+ years of experience in Home Monitoring 
New unique diagnostic options for advanced heart failure 
under clinical investigation

 2012

Global launch as only FDA & CE approved system for 
remote monitoring in pacemaker and ICD patients

 2002

History of Remote Monitoring





2020 AF Guidelines:  
Screening Tools



Approx. 25-30% of patients 
diagnosed within 90 days

Approx. 45-50% of patients 
diagnosed within 3 years



Screening for Silent PAF
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More intensive monitoring results in 
more AF detection after stroke/TIA 

D. Jabaudon. Stroke 2004.

M. Patten. JCE 2006.

• Symptoms? 
– Does not correlate with AF (SOPAT study 

– Patten, JCE 2006) 
– 54% of AF-ECGs were asymptomatic 
– AF was only diagnosed in 37% of the 

symptom-triggered ECGs

• 30 Day Event Monitors 
– A retrospective and a prospective study of 

cryptogenic stroke patients  
– 30 days of monitoring 
– Newly diagnosed AF in 20% of patients 

Stroke 2008; 39, No 2: 571 and 
584 

The longer you monitor, the more you find!



Primary endpoint 
was detection of AF 
(>30 seconds) 
within 6 mos of 
randomization. 

CRYSTAL AF: ILR (Reveal XT, MDT) detected AF in 
patients with cryptogenic stroke



The diagnostic yield of implantable loop recorders stratified 
by indication: “real-world” use in a large academic hospital

Smith A, et al. Journal of Interventional Cardiac Electrophysiology, 2021





Insertable Loop Recorders (ILR)   Implantable Cardiac Monitors (ICM)

Reveal LINQ® 
Medtronic

BioMonitor 3  
Biotronik®

Confirm RX 
Abbott®



2023 Recommendations for 
Patient Enrollment Techniques



Active devices (November 2019) Active devices (April 2024)

PM : Pacemaker

ILR: Implantable Loop Recorder

ICD: Implantable Cardioverter Defibrillator

CRT-D: Cardiac Resynchronization Therapy Defibrillators

CRT-P: Cardiac Resynchronization Therapy Pacemakers

Active devices (December 2024)

DEVICES-COMPANIES COMPARISONS (2019 VS 2024)
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Devices subdivided by company (2019)
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177
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1984
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Device typologies on the total (Dec 2024)

274

Total: 6367 +53,5% Total: 7358 +15,6%

REMOTE MONITORING - ARRHYTHMOLOGY DEPT – IRCCS POLICLINICO SAN DONATO  
TOTAL 7358 ACTIVE PATIENTS WITH CIEDS (DECEMBER 2024)



ILR

ILR

ILR

CRT-P CRT-D ICD PM

WHAT CIEDs ARE CAUSING THE HIGHER 
WORKLOAD?
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Remote Monitoring Arrhythmology Dpt. San Donato Hospital  
Approximately 300 Alarms per month requiring Physician’s 
supervision (10% of all Alarms, 54% generated by ICM/ILR) 



2023 Recommendations for 
Special Programming 
Considerations for ILRs/ICMs



Female, 70 yrs, Hx of TIA

Insertable Loop Recorder: MDT LINQ® for Detecting PAF

Started NAO



Female, 70 yrs, Hx of TIA

Misdetection of PAF by ICM: Need of Manual Validation

FAP Sinus Tachicarda



Male, 53 yrs, Hx of PAF, 
Therapy with NAO and 
Flecainide 

ICM can guide therapy:  
Detection of aberrant PAF during ICM

Stop Flecainide, start Sotalol 
Schedule ATC



FA Burden after VV-PP-ATC:  
Possible Guide for NOAC Therapy? 



Symptomatic per palpitation 
NOT RECOGNIZED BY AUTOTRIGGER

Reveal – ILR missed detection of NSVT

Male, 57 yrs, Hx of syncope and presyncope, 
16 beat NSVT





Man, 63 yrs old, previous history 
of PAF, 3/2022 RF-TCA (CPVA)
30/5/2022 Syncope while 
bicycling in the mountains 
above Bergamo. 
Call Emergency upon recovery, 
unable to move
SYMPTOM RECORDED & 
ARRHYTHMIA DETECTED  
TRANSMISSION SENT TO PSD
We call the patient, while 
already on the Ambulance, and 
recommend access to a major 
Hospital   
ECV upon arrival in PS  SR 
recovery
Transferred to PSD  
Diagnosis of sustained VT, LDA 
occluded on CGF, LV disfunction 
with 30% EF 
 CRT-D implant  

How RM Can Help in Emergency



Sudden death due to VF recorded 
during ILR monitoring

Detection of SD due to VF during  ILR monitoring 

Male, 56 yrs, NICM, FE 45%, Negative EP 
test, recurrent nightmares  



History of 
Wearable 
Technology



Healthcare Wearable Technology and Telemedicine



Healthcare Wearable Devices Market 



Detection of FAP by Omron Event Recorder



Different ECG Patch Monitoring (EPM) Systems



SmartPhone Based Event Recorders



SmartPhone Based Event Recorders: Need of RM



Apple i-Watch for Arrhytmia Detection



Halcox JPJ et al Circulation 2017

REHEARSE-AF Study



AHRES: Look and you will find – Then what? 
Waldo & Camm, Editorial, REHEARSE Study, Circulation 2017

…Clearly, we have 
more work to do.







Studies of Nonimplantable Devices to Detect AF









Although increased screening 
increases AF detection rate, […] 
the minimum AF burden at 
which the risk of stroke is 
sufficient to justify the initiation 
of DOAC remains unclear. 











Highlights 
• Automated collection of health-related data and triggering of notifications were the main reasons 
for using smartwatches in interventional studies. 
• Smartwatch interventions have shown positive health outcomes for patients in most studies. 
• Challenges include Charging frequency, Internet connection, data quality. 
• The evaluation of the implementation strategy in smartwatch research studies is needed. 
• The methodological quality of smartwatch studies should be improved.



2017 ISHNE-HRS Expert Consensus:  
Estimated diagnostic yield of 
different AECG recording 
modalities



Advantages and disadvantages of ECG monitoring 
strategies for detection of atrial fibrillation.

Kulach A, et al. Journal-of-Cardiovascular-Development-and-Disease-JCDD 2021



Remote MonitoringRemote Management





Grazie per l’attenzione!







Thank for your attention!  
…And greetings from Milan!



Thank for your attention!  
…And greetings from Milan!



Models of CIEDs 
Remote Monitoring

Networks for Remote 
Patient Management 



REMOTE MONITORING - ARRHYTHMOLOGY DEPT - POLICLINICO SAN 
DONATO TOTAL 5213 ACTIVE PATIENTS WITH CIEDS (APRIL 2022)
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Remote Monitoring Arrhythmology Dpt. San Donato Hospital  
2986 Alarms per Week  



Ambulatorio Virtuale Monitoraggio Remoto 
 Aritmologia Policlinico San Donato  Telefonate da/a Pazienti 

Remote Monitoring Arrhythmology Dpt. San Donato Hospital  
287 Phone Calls per Week  



2023 Recommendations:  
Task Based RM Activity 



Europace 2016 
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THE CHALLENGE

“While there will always be more  
patients to manage. There will 
never be more time to manage 
them.”1 

Gimbel, 2012

As the number of patients 
with implants increases, so 
does demand for follow-ups. 
How can hospitals solve 
this growing problem?
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EUROPE IMPLANTED PATIENTS  
 & FOLLOW-UPS, 2006–20202  
(MILLIONS)

1 Gimbel, 2012, Heart Rhythm, vol 9, n°12
2 Data from projected figures modelled using 2013/14 UK CRM 

NICOR dataset.  
https://www.ucl.ac.uk/nicor/nicor-news-publication/
CRM_Report_2013-14 



Impact of Clinical Indications of ICD/CRT Implants 
on Resources Availability 

The number of patients 
with CIEDs is exceeding 

EP clinic capacity  



Heart Rhythm 2015 



Heart Rhythm 2015 

According to HRS 
Consensus Statement, all 

patients with CIEDs should 
be offered remote 

monitoring (RM) as part of 
standard follow-up 

management strategy  
CLASS 1A RECOMENDATION

Today we have to justify why we 
cannot provide remote monitoring 

to patients with CIEDs. 



2023 General Recommendations

In patients with CIEDs, RM is 
recommended as part of the 

standard care. 



Modalities of RM Transmissions



SCHEDULE OF ROUTINE CONTROLS 
• Remote transmissions every 1-3 months 
• Clinic visits every 12 months

Previous Standard: Non-continous Monitoring 
 Periodic RM Transmissions 

mosEnrollment 
at Implant

1 2 3 6 9 12

If 1st implant

Remote control Clinic visit



Current Standard: Continuous Connectivity 
 Smartphone-Based Daily Transmissions

❑ Device transmits data to a patient receiver  
 Every 24 hrs and immediately in case of an event 

❑ Patient receiver encrypts and sends the data via the cellular GSM network to 
the service center 

❑ Service center updates the patient data base and provides statistics, trend 
curves and IEGMs on the internet 

❑ Physician has immediate access to the patient data via internet  
 Automatic notifications, interpretation, adjustment of thresholds 



Different Timelines for CIED RM



«Primary Nursing Model»:  
Revision of Transmissions

Nurse

Physician

Verify if programmed 
transmissions have been 

received

Perform first screening 
highlighting transmissions 

with priority

Submit transmissions to 
the physician

Perform revision

Review and  archive 
transmissions

Recall 
patients Yes

No

The patient 
needs  further 

work-up?
Contact the patient and, if 

necessary, recall for clinic visit Yes
No

Discuss the case with 
engineer and collegues

Nurse/Technician



2023 Recommendations for 
Staff Requirements



2023 Recommendations for 
Staff Credentials and 
Qualification for RM



2023 Recommendations:   
Task Based RM Activity 





From Theory to Practice…
…How to follow a patient by remote monitoring

Informed 
Consent Patient Training Inserting data in 

web site

Device 
Programming

Alarm 
Programming

Remote FUP 
Revision Alarm Revision

Patient Recall 

Theraputic 
Decisions

NEED OF A WELL-DEFINED WORKING MODEL!



2023 Recommendations:  
Techniques to Optimize Patient 
Connectivity



2023 Recommendations for 
Payment/Reimbursement





2023 Recommendations for 
Staff Awareness for 
Manufacturer and Device 
Specific Differences for RM 



Differences Between Manufacturers 



Differences Between 
Manufacturers 



2023 Recommendations for 
Patient Education of Clinic 
Specific Policies for RM 



Remote Monitoring Guideline for Patients with CIEDs 

ARRHYTHMOLOGY DEPT - POLICLINICO SAN DONATO 

INTERNAL RM GUIDELINES: Discussed and Agreed with the Sanitary Direction of IRCCS Policlinico San Donato



General Data Protection Regulation  – External Treatment of Patients’ Data 
ex art 28 GDPR Official Statement of  

Milan Niguarda Hospital  
Legal Service 

«In consideration of a balanced evaluation of 
patients’ interests, it is possible to establish the  

prevalence of the Right to Health rather than the 
Privacy Protection» 



2023 Recommendations for Alert-
Based RM: Need for In-person 
Visits 


