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Remote monitoring of CIEDsRemote monitoring of CIEDs

 Data transmission :
 Basic device information (lead 

parameters, battery status)

 Arrhythmias (types, incidence, details on 
therapy, intracardiac EGMs)

 Physiologic parameters (hearty rate, 
thoracic impedance, physical activity)

 Alert/Notification
 Changes in lead impedance

 Development of atrial 
arrhythmias

 Episodes of VT/VF

 Delivery of shocks

 Changes in hemodynamic 
status

Slotwiner D et al. Heart Rhythm 2015;12:e69–e100 



Definition of Remote Interrogation/Remote monitoringDefinition of Remote Interrogation/Remote monitoring

 Recommended standard interrogation 
duration

 Every 6-12 months for pacemakers

 Every 3-6 months for ICD/CRTs

 Remote Interrogation (RI) : Scheduled 
remote interrogations that are intended 
to mimic in-office checkups.

 Remote monitoring (RM) : refers to data 
that are acquired automatically with 
unscheduled transmissions of any pre-
specified alerts related to device 
function or clinical events

Slotwiner D et al. Heart Rhythm 2015;12:e69–e100 



Remote Monitoring of ICDs
: partial replacement of “[in-office visit] to [RI]” and RM
Remote Monitoring of ICDs
: partial replacement of “[in-office visit] to [RI]” and RM

Parthiban N et al. J Am Coll Cardiol. 2015;65:2591-600  



2015 HRS expert consensus Statement on Remote monitoring2015 HRS expert consensus Statement on Remote monitoring

Slotwiner D et al. Heart Rhythm 2015;12:e69–e100 



Early detection and Early ActionEarly detection and Early Action

 TRUST trial (n=1,450 ICD patients, FU 15months, 2:1 randomization)

 RM significantly reduced the time from event onset to evaluation

 Early diagnosis/managements for AF than conventional FU (5.5 days vs 40days)

Varma N et al. Circulation. 2010;122:325–332



Reduction in hospitalization for device related adverse eventsReduction in hospitalization for device related adverse events

 COMPAS trial (n=538 PM patients, FU 18months, 1:1 random)

 75% reduction in hospitalization for device related adverse 
events 

 66% reduction in hospitalization for atrial arrhythmia and 
related stroke

Pabo P et al. Eur Heart J. 2012 May;33(9):1105-11 



RM reduces inappropriate shock and related hospitalizationsRM reduces inappropriate shock and related hospitalizations

 ECOST trial (n=473 ICD patients, FU 27months, 1:1 random)

 52% reduction in inappropriate shock

 72% reduction in inappropriate shock related 
hospitalization

 76% reduction in number of charged shocks (battery 
preservation)

Guédon-Moreau L et al. Eur Heart J. 2013 Feb;34(8):605-14



Reduction in ICD inappropriate shock
: Early detection and intervention of AF

Reduction in ICD inappropriate shock
: Early detection and intervention of AF

 AF is the main cause for inappropriate ICD shock.

 RM provides early detection of AF.

 ICD-RM can prevent inappropriate ICD shock, which is partially due to early intervention of AF.

Slotwiner D et al. Heart Rhythm 2015;12:e69–e100
Parthiban N et al. J Am Coll Cardiol. 2015;65:2591-600  



Reduction in ICD inappropriate shock
: Early detection of lead fracture

Reduction in ICD inappropriate shock
: Early detection of lead fracture

 French single-centre registry (n=115 with lead fracture)

Souissi Z et al. Europace. 2016 Jun;18(6):820-7

Number of IAS per shocked patientsNumber of IAS per shocked patients
Time between the first sign of lead 
fracture and its clinical diagnosis

Time between the first sign of lead 
fracture and its clinical diagnosis



Meta-Analysis for Remote Monitoring of ICDs
: Time from detection to decision ↓ Inappropriate ICD Shock ↓

Meta-Analysis for Remote Monitoring of ICDs
: Time from detection to decision ↓ Inappropriate ICD Shock ↓

Parthiban N et al. J Am Coll Cardiol. 2015;65:2591-600  



RM and Mortality in ICD patients
: Controversial

RM and Mortality in ICD patients
: Controversial

Parthiban N et al. J Am Coll Cardiol. 2015;65:2591-600  



Benefit of RM (IN-TIME Trial) 
: CRT-D (n=390) vs ICD (n=274)

Benefit of RM (IN-TIME Trial) 
: CRT-D (n=390) vs ICD (n=274)

Geller JC et al. Clin Res Cardiol. 2019 Oct;108(10):1117-1127



CRT and responders
: The importance of BiV pacing percent

CRT and responders
: The importance of BiV pacing percent

Hayes DL et al. Heart Rhythm 8.9 (2011): 1469-1475.

 The suppression of arrhythmias can increase the success of, and prevent the NR to CRT.



What decreases BiV pacing percent?What decreases BiV pacing percent?

Daubert C et al. Eur Heart J. 2017 May 14;38(19):1463-1472
Cheng A et al. Circ Arrhythm Electrophysiol 2012;5: 884 –888 

 Atrial tachyarrhythmias and frequent VES are the cause confirmed in one-third of NRs to 6 months of CRT

 11.5% had <90% BiV stimulation, caused by ATA in over 50% and by frequent VES in nearly 10%.



AVN ablation in CRT and AF/ATAVN ablation in CRT and AF/AT

Yin J et al. Clin Cardiol. 2014 Nov;37(11):707-15

 A high rate of BiV pacing is required to achieve maximum benefit from CRT.

 This may be difficult to achieve in patients with AF without AV block.



PVC and CRT responsePVC and CRT response

Lakkireddy D et al. J Am Coll Cardiol. 2012 Oct 16;60(16):1531-9 

 Frequent PVCs are a less common but important and treatable cause of 
nonresponse to CRT. Successful RFA of PVC foci improves LV function and 
NYHA class and promotes reverse remodeling in CRT nonresponders.



Device-detected Rhythm problems in CRTDevice-detected Rhythm problems in CRT

Linde et al. Heart failure Clin 13(2017) 241-251.

 AF  OAC, AAD, ablation (AF or AVN, or both) , DC cardioversion

 Sinus tachycardia > UTL  drugs (beta blocker, ivabradin), reprogramming 
(higher UTR)

 Shortening of intrinsic AV conduction  reprogramming to shorter AV  
delay

 Endless loop tachycardia  reprogramming of PMT intervention, PVC 
reaction, PVARP

 PVCs, NSVT  AAD, ablation

 VT/VF/ ICD shock  AAD, ablation, reprogramming



Stroke prevention with RM
: Controversial

Stroke prevention with RM
: Controversial

 Computer Monte Carlo model, simulating 
4,000 virtual subject with the same AF 
and CHADS2 score.

 Daily RM significantly reduces the risk of 
stroke (9 to 18%) compared with 6-
12months standard visit.

Martin DT et al. Eur Heart J. 2015 Jul 7;36(26):1660-8 

 IMPACT study : 2718 ICD/CRT-D patients

 RM guided initiation/interruption of OAC 
vs conventional FU  similar event rates

Ricci RP et al. J Cardiovasc Electrophysiol. 2009 Nov;20(11):1244-51, 



Remote Interrogation/Remote monitoringRemote Interrogation/Remote monitoring

CARELINK 
(Medtronic)
CARELINK 
(Medtronic)

CardioMessenger
(Biotronik)

CardioMessenger
(Biotronik)

LATITUDE 
(Boston)

LATITUDE 
(Boston)



Remote Interrogation/Remote monitoringRemote Interrogation/Remote monitoring

MERLIN.net
(ABBOTT)

MERLIN.net
(ABBOTT)



Case 1. F/19, recurrent syncopeCase 1. F/19, recurrent syncope



Case 1. F/19, recurrent syncope, s/p ILR (2020.02) 
 Long QT SD (type 2) (KCNH2 +)
Case 1. F/19, recurrent syncope, s/p ILR (2020.02) 
 Long QT SD (type 2) (KCNH2 +)



ILR interrogation (2020.10.27 4am) – VF for 1minILR interrogation (2020.10.27 4am) – VF for 1min



Admission at CCU (2020.10.27)  ICD (2020.10.29)Admission at CCU (2020.10.27)  ICD (2020.10.29)



BENEFIT-RM study (2020.11 ~) (국내 19개 기관)BENEFIT-RM study (2020.11 ~) (국내 19개 기관)

제세동기를 이용한 원격 모니터링의 임상적 및 경제적 이점을 평가하기
위한 전향적, 다기관, 무작위 배정 임상시험

연구의 목적

• 제세동기 (삽입형 제세동기 [이상 ICD] 혹은 동기화 치료 [이상 CRT-

D])를 삽입한 국내 환자에서 원격 모니터링의 임상적 및 경제적 이점, 

사용자 편의성을 알아보고자 함

연구기간

• IRB 승인 이후부터 2025년 12월 31일까지 (Enrollment : 2023년 12

월)



BENEFIT-RM study (2020.11 ~) (국내 19개 기관)BENEFIT-RM study (2020.11 ~) (국내 19개 기관)

변호 시험기관명
시험책임
자

등록 수

1 세브란스병원
정보영

58
김태훈

2 서울대병원 최의근 5

3
고려대 안암병원 최종일 0

고려대 안암병원 심재민 8

4 대구 가톨릭대 병원 이영수 5

5 이대목동병원 박준범 2

6 중앙대병원
강기운

IRB심의중
신승용

7 계명대 동산병원
박형섭

0한성욱
황종민

8 서울아산병원 조민수 0
9 전남대 병원 박형욱 3
10 분당서울대병원 오일영 4

11 삼성서울병원
박승정

12
박경민

12 동아대 병원 박종성 2

13 차의대 분당차병원 성정훈 3

14 원광대병원 고점석 11
15 경희대 병원 김진배 1
16 은평 성모병원 장성원 6

17 원주세브란스기독병원
안민수

11
박영준

18 양산부산대병원
황기원 계약서진

행중최진희

19 충북대병원 김민 IRB심의중

TOTAL 131



Conclusions : The Ideal and the challengeConclusions : The Ideal and the challenge

 Based on several RCTs, in comparison to standard care, RM can:

 Detect device problems and arrhythmia events earlier  early action possible

 Decrease hospital visits/hospitalizations

 Decrease hospital cost

 Decrease inappropriate ICD shock

 국내허가기준 (BENEFIT-RM trial result 를근거로제시할예정)

 인력문제 (data overload)

 Hard outcome 개선 - uncertain



Thank you for your attention!
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