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Background

• Im plant able  cardiovert er de f ibrilla t or ( ICD)  has been 

show n t o be  e ffect ive  t o reduce  m ort alit y in se lect ed 

pat ient s.

• The expending indicat ions of  t his t herapy w ill have  an 

im pact  on t he  follow -up (FU)  st rat egy.

• Current ly,  regular in-off ice  FU are  scheduled every 3  

m ont hs.

• In t his cont ext ,  rem ot e  device  FU appears t o be  a  

prom ising t echnique , a llow ing t o t ransm it  inform at ion 

about  t he  device  st at us and de livered t herapies, w it hout  

t he  need for in-off ice  visit .



Aims of the study

• To evaluate safety and efficiency of ICD 
remote FU as compare to convent ional in-
office FU

• Cost /effect iveness evaluat ion



Study design

• Randomized, prospect ive, open-label and 
mult icent re French t rial

• Two groups

– Cont rol (C)  : convent ional in-office follow-up

   at  the implant  cent re every 3  
months

– Remote follow-up (R) : remote t ransmission 
to the    implant  cent re 
every 3  months

• One year FU

• In office visit  at  6  weeks and 12  months for all 
pat ients



Select ion crit eria

• Inclusion crit eria
– Adult s over 18  years
– First  im plant at ion of  a  single  or dual cham ber ICD 
– Prim ary or secondary prevent ion
– ICD w it h dat a t ransm ission feat ures
– Phone net w ork com pat ible  w it h rem ot e  t ransm ission
– Abilit y t o correct ly use  t he  t ransm ission syst em
– W rit t en inform  consent

• Exclusion crit eria
– NYHA class IV
– Life  expect ancy <  1  year
– CRT-D indicat ion



Primary endpoint

• Com bined endpoint

• Rat e  of m ajor cardiovascular event s (M CE)  

occurring during t he  f irst  year aft e r ICD 

im plant at ion

Deat h (a ll causes)

Hospit a lizat ion for a  cardiovascular 

event

Ine ffect ive  t herapy

Inappropriat e  t herapy

• Evaluat ed on t he  9 5% confidence  int erval of  t he  

M CE rat e  diffe rence  bet w een t he  2  groups w it h a  

non-inferiorit y m argin of  5 %



M ain secondary endpoints

• Time to onset  of the first  M CE

• One year survival dist ribut ion

• Rate of cardiovascular hospitalizat ion

• Rate of ineffect ive or inappropriate ICD 

therapies

• Cost /effect iveness analysis



Sample size

• Non inferiorit y hypothesis

• Expected rate of M CE in the cont rol group : 

20%

• Non inferiorit y margin : 5%

• Power : 80% - Risk : 5%

Sam ple size  : 160 0  
pat ient s



Flow  chart
Randomized pat ients n =  

1501

Allocat ed to C n =  750
Did not  receive allocated intervent ion n= 1

1 ICD explantat ion before D0

Cont rol group n =  749

Major deviat ions n =  2
Lost  of FU without  MCE  n =  8

Excluded from  ana lysis n =  1 0

Analysed by int ent  t o t reat
n =  739

Lost of FU without  MCE  n =  7

Excluded from  analysis n =  7

Analysed per-protocol
n =  738

       Allocated to R n =  751
Did not  receive allocated intervent ion n= 3
      1 death before D0
      1 no ICD im plantat ion
      1 implantat ion of CRT-D

Remote group n =  748

Sw itch from  C t o R w it hout   M CE n =  1

Analysed by int ent  t o t reat
n =  741

Sw itch from  R to C w it hout   M CE n =  4 5

Analysed per-prot ocol
n =  696



ICD manufact urers and t ypes

261  (34 .8%)247  (32 .9%)Dual chamber

488  (65 .2%)503  (67 .1%)Single 
chamber

Type

169  (22 .6%)166  (22 .1%)St  Jude 
M edical

237  (31 .6%)229  (30 .5%)M edt ronic

35 (4 .7%)40  (5 .3%)Boston-
Guidant

308  (41 .1%)315  (42 .0%)Biot ronikM anufact ur
er

Remote 
n =  749*

Cont rol
n =  750

*all implant ed devices



Reasons for switch

Data  are  num bers of  pat ient s 
(percentages)

10 (18 .2%)_Ot her

1  (1 .8%)_Unknown

2 (3 .6%)_Pat ient  condit ion requir ing 
convent ional close follow-up

4 (7 .3%)1  (100.0%)Pat ient  wish

6  (10 .9%)_
Pat ient  unable t o use 
correct ly t he t ransmission 
system

32 (58 .2%)_
Phone net work not  
compat ible  wit h remot e 
t ransmission

Remot e
n =  55

Cont rol
n =  1



Populat ion Charact erist ics (1 )

0.6656

0.3397

0.1116

0.02060.0206

489  (65 .1%)
261  (34 .8%)

355  (47 .3%)

81  (10 .8%)

179  (23 .8 )

481  (64 .1%)
269  (35 .9%)

373  (49 .7%)

101 (13 .5%) 

142 (18 .9%)

ICD indicat ion
     Primary prevent ion 
     Secondary prevent ion 

Document ed vent ricular 
arrhyt hmia
     Vent ricular fibrillat ion

At rial arrhyt hmia

0.165460± 1359± 13Age, years

0.2166646  (86 .0%)628  (83 .7%)Gender, male

p valueRemote 
n =  751

Cont rol
n =  750

Cont inuous variables are means± SD. Categorical var iables are numbers of pat ients 
(percentages)  



Populat ion Charact erist ics (2 )

0 .1 832
0 .57 84
0 .2 698
0 .3336

31 0  (4 1 .3%)
1 63  (2 1 .7 %)
1 1 3  (1 5 .0 %)

50  (6 .7 %)

2 84  (37 .9%)
1 5 4  (2 0 .5%)
98  ( 1 3 .1 %)
4 1  (5 .5%)

Chronic associat ed diseases
      Arteria l hypertension
      Diabet es
      Chronic respirat ory disease
      Chronic rena l fa ilure

0 .0 1 850 .0 1 851 7 9  ( 23 .8%)1 4 1  (1 8 .9%)Heart  fa ilure  hospita lisa t ion 
(w ithin 1  year before  inclusion)

0 .2 1 4 4
4 36  (59 .6%)
2 95  (4 0 .4 %)

4 1 2  (56 .4 %)
31 8  (4 3 .6%)

LVEF
      <  35%
      ≥ 35%

0 .2 0 51
2 31  (31 .4 %)
394  (53 .5%)
1 1 1  ( 1 5 .1 %)

2 62  (35 .7 %)
37 0  (50 .5%)
1 0 1  (1 3 .8%)

NYHA class
      I
      II
      II I

0 .0 67 3
7 0 0  (93 .5%)

4 9  (6 .5%)

4 7 9  (64 .0 %)
1 38  (1 8 .4 %)

681  (90 .9%)
68  (9 .1 %)

4 67  (62 .3%)
1 3 3  ( 1 7 .8%)

Underlying disease
      St ructura l heart  disease
      Elect r ica l disease

St ructura l heart  disease 
e t iologies
      Ischem ic cardiom yopathy
      Dila t ed cardiom yopat hy

p va lueRem ot e 
n =  7 51

Cont rol
n =  7 50

Data are numbers of pat ients 
(percentages)  



Primary endpoint  (1 )
(Deat h/ CV hospit a lisat ion/ Ineffect ive  or inappropriat e  

t herapy)

Per protocol analysis (N= 1434)  – Non-inferiority 
hypothesis

Intent  to t reat  analysis (N= 1480)  – Non-inferiority 
hypothesis

0 .5  [ - 4 .1  t o 
5 .1 ]

p =  0 .0 1 0 1

21 4  (2 8 .9 %)

[25 .6  t o 3 2 .1 ]

21 0  (28 .4 %)

[2 5 .2  t o 31 .7 ]

Num ber of pat ient s w it h a t  least  
1  M CE

95 % CI

Diffe rence  
(Rat e)

 (95% CI)

Rem ot e  
n =  7 4 1

Cont rol
n =  739

1 .7  [ - 3 .0  t o 
6 .4 ]

p  =  0 .0 0 26

21 0  (3 0 .2 %)

[26 .8  t o 33 .6 ]  

21 0  (28 .5 %)

[25 .2  t o 31 .7 ]

Num ber of pat ient s w it h a t  least  
1  M CE

95 % CI

Diffe rence  
(Rat e )

 (9 5% CI)

Rem ot e  
n =  6 96

Cont rol
n =  738



0-5% + 5%

Per-protocol analysis

Intent  to t reat  
analysis

Primary endpoint  (2 )

-4.1 5.1

-3.0 6.4

Non-inferiority 
margin



Tim e t o t he  f irst  m ajor cardiovascular event

Cont rol
Remote 

Delay (days)
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Log-rank :  X² =  0 .1381 , p =  0 .7101  (NS)
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Time t o deat h

Cont rol

Remote

Delay (days)
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Log-rank :  X² =  1 .0147 , p =  0 .3138  (NS)
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Secondary endpoint s

Data  are  num bers of pat ients ( percentages)

0.0452

0 .6889

0 .0325

38  (5 .5%)

6  (0 .9%)

33  (4 .7%)

60  (8 .1%)

5  (0 .7%)

55  (7 .5%)

Inappropriate or ineffect ive therapy

Ineffect ive therapy 

Inappropriate therapy 

0 .0625172  
(24 .7%)

152 (20 .6%)Hospit alizat ion  for a cardiovascular 
event

p valueRemote
n =  696

Cont rol
 n =  738



Study limit at ions

• Included populat ion <  calculated sample size

inclusion period limited to 2  years

• Some differences at  baseline between the 2  

groups with possibly sicker pat ients in the 

remote group

• Switches from remote to cont rol group 

mainly due to phone network connexion

• Short  follow-up



Conclusions

• The non-inferiorit y hypothesis between the two 
groups was not  validated.

• Nevertheless, a difference between groups on 

the primary endpoint  has not  been 

demonst rated.

• No difference in t erms of survival.

• Significant  reduct ion of inappropriate 

therapies in the remote group.

• ICD remote FU may be proposed as a safe 

alt ernat ive to in-office FU.
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