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The birth of CRT … in Europe, 20 years ago  



In pts with refractory heart failure, left ventricular 
dysfunction, and intraventricular conduction 

abnormalities. 

This should improve the hemodynamics of pts 



 

      Transvenous 
 

•  Well-established technique  
    (thousands of patients already  treated) 
 
•  Possibility of using the catheter that best suits the patient's 

anatomy. 

  Stimulate both ventricles more or less simultaneously  

CRT Objective: 

 Approach  



Failure of coronary sinus lead implantation: 
alternative approaches 

 

•  Epicardial Approach : 

–  thoracotomy 

– Minithoracotomy 

– video-assisted thoracoscopic and robotic 

•  Transapical approach 

•  Transeptal approach (Inter-atrial puncture) 



Ischemic  Idiopathic  



Randomized*Controlled*Trials*on*CRT*

Study  (n ° PTS) � NYHA QRS Sinus ICD? Status Results 

MIRACLE (453) III, IV ≥130 Normal No Published + 
MUSTIC SR (58) III >150 Normal No Published + 
MUSTIC AF (43) III >200* AF No Published + 
PATH CHF (41) III, IV ≥120 Normal No Published + 
MIRACLE ICD (369) III, IV ≥130 Normal Yes Published + 
CONTAK CD (490) II-IV ≥120 Normal Yes Published +  

COMPANION (1520) III, IV ≥120 Normal Yes Published + 
PATH CHF II (89) III, IV ≥120 Normal Both Published + 
MIRACLE ICD II (186) II ≥130 Normal Yes Published + 

CARE HF (814) III, IV ≥120 Normal No Published + 

* RV paced QRS      ¶ Primary endpoint not met; key secondary endpoints reached 
LVEF ≤ 35% for all trials 

On Top of Optimal Drug Therapy  
CRT Improves: 

 
NYHA Class, 

Quality of life score, 
Exercise Capacity: 6 MW, Peak VO2 

LV function: EF, MR 
Reverse remodeling: LVEDV 

Hospitalization 



Clinical'Evidence:'CRT'Reduces'Mortality'&'Hosp.'

STUDY TREATMENT FOLLOW-UP MORTALITY + 
HOSPITALIZ. MORTALITY 

Single Trials 

CARE-HF 
(n=813) CRT-P 

29.4 mths ↓ 37% ↓ 36% 
36.4 mths (ext) ↓ 40% 

COMPANION 
(n=1520) 

CRT-P 
12 mths 

↓ 19% ↓ 24% (n.s.) 

CRT-D ↓ 20% ↓ 36% 

Meta-Analysis 

McAlister 
(n=3216; 9 trials) CRT- P & D 1-12 mths HF Hospitaliz. 

 ↓ 32% (n.s.) 
↓ 21% 

Freemantle 
(n=3380; 8 trials) CRT- P & D 3-29.4 mths HF Hospitaliz. 

 ↓ 45% ↓ 28% 

Abdulla 
(n=2514;8 trials) CRT-P 1-29.4 mths HF Hospitaliz. 

 ↓ 40% ↓ 28% 

Rivero-Ayerza 
(n=2371; 5 trials) CRT-P 3-29.4 mths ↓ 29% 

McAlister, F. A. et. al. Ann Intern Med 2004;141:381-390 
Freemantle N et al.; Eur J Heart Fail. 2006 Jun;8(4):433-40  

Abdulla J. et al.; Cardiology 2006;106:249–255 
Rivero-Ayerza M. et al.; Eur Heart J. 2006 Sep 11; [Epub ahead of print]  

On Top of Optimal Drug Therapy  
Further Reduction with CRT + ICD  

for Higher Risk Patients 

HF 
Mortality 

Sudden 
Cardiac  
Death 

CRT 

ICD 



CRT : 
 Wait Untill NYHA III ? 



NYHA I-II NYHA III-IV 

STAGE B STAGE C-D 



!  Benefit driven by 41% reduction in the risk of heart failure events 

!  Similar benefit for ischemic and non-ischemic patient 

Death 
or Heart Failure 

HF only 

Death at any time 

Non-ischemic patients 

Ischemic patients 

All patients 
0.2 1 2 0.4 0.6 0.8 

34% reduction in the risk of all-cause mortality or first HF event 

HR p-value 

0.66 0.001 

0.67 0.003 

0.62 0.01 

0.59 < 0.001 

0.58 < 0.001 

0.59 0.01 

1.00 0.99 

1.06 0.80 

0.87 0.68 

Adjusted Hazard Ratio 

favors ICD favors CRT-D 

MADIT-CRT – Results Primary Endpoint  

Cox Analysis 

Moss AJ, Hall WJ, Cannom DS, et al. . NEJM. Sept 2009.  
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MADIT-CRT: Outcome by LBBB & Non-LBBB 

57% 
N.S.  



The puzzle for CRT success 
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1 Abraham WT, et al. N Engl J Med. 2002;346:1845-1853.  4 Abraham WT, et al. Heart Rhythm. 2005;2:S65. 
2 Young JB, et al. JAMA. 2003;289:2685-2694.    5 Chung ES, et al. Circulation. 2008;117:2608-2616. 
3 Abraham WT, et al. Circulation. 2004;110:2864-2868.   6 Abraham WT, et al. Late-Breaking Clinical 
Trials. HRS 2010. 

 

* AV optimised only 

 

Left ventricular (LV) reverse remodelling 
 is achieved in  60–70% of patients. 





Response*to*CRT*is*dependent*upon*mul>ple*
factors*



How to Improve  
the CRT Success 

• Selection of the pts 

• Crt implant  

• Follow up 



Imaging*role**

Selection of the 
Pts 



Value*of*Imaging*in*HF*pts:*useful*for*CRT*also*…!

Bax'JJ,'Delgado'V.!Myocardial!viability!as!integral!part!of!!
the!diagnos5c!and!therapeu5c!approach!to!ischemic!HF.'
J'Nucl'Cardiol'2015;22:229H45'

The'selecKon'of'imaging'modaliKes'in'HF'pts'depends'on'the'

informaKon'that’s'needed'for'the'clinical'management:'

'

'(1)'underlying'eKology'(ischemic'vs'nonHischemic)'

'(2)'in'ischemic'pts,'evaluate'need'for'revascularizaKon' '

' !(myocardial!ischemia!/!viability!?)!

'(3)'LV'funcKon'and'shape'assessment'

'(4)'presence'of'significant'secondary'mitral'regurgitaKon'

'(5)'device'therapy'with'CRT'and/or'ICD'(risk'of'SCD)'



Pre – CRT evaluation show the delay and to 
optimize response  

Echocardiographic speckle strain imaging can be used to identify the 
latest activated LV wall  



Imaging*to*qualify*candidates*for*CRT:*SPECT!

Bax'JJ,'Delgado'V.!'J'Nucl'Cardiol'2015;22:229H45'

Imaging may help improve pts’ selection. 

Nuclear imaging techniques provide information on  important 

pathophysiological determinants of response to CRT:  

•  Myocardial viability  

• LV mechanical dyssynchrony 

• Site of latest activation 

• Extent and Location of LV scar tissue 
Phase!analysis!of!ECGBgated!SPECT!myocardial!
perfusion!imaging!to!assess!LV!dyssynchrony!



M
RI

! M
RI!

Daoulah'A'&'al.'J'of'Electrocard'2015;48:783H90'

Metanalysis of 11 prospective studies  
(PubMed, EMBASE, Cochrane databases) 

 

Cardiac MRI-determined PL or LV pacing site scar vs. Clinical / Echo response to CRT.  

• Presence of transmural PL scar on pre-implant MRI associated with a 75% lower 

chance of echo response to CRT, and a similarly lower chance of clinical response. 

• Significant scar over LV pacing site on pre-implant MRI was also associated with a 

46% lower chance of echo response to CRT, and a 67% lower chance of clinical 

response. 

Conclusions: 

The presence of transmural PL scar or significant 

scar within the LV pacing site detected by pre-

implant MRI associates with a lower rate of clinical 

or echo response to CRT 



n'='227'CRT'pts'(51%'ischemic)'

Response'was'defined'as'“delta'LVESV'≥'15%”'acer'6M'of'CRT'therapy.'

'

PredicKon'models:'

'H'Model'A:'clinical'parameters'and'electrical'dyssynchrony'

'H'Model'B:'variables'in'model'A'+'mechanical'dyssynchrony'(IVMD;'SRSsept)'

van’t'Sant'J'&'al.'J'of'Electrocard'2015;48:601H8'

Model'B'beher'than'Model'A'

in'predicKng'CRT'response'

Model'B'works'beher''

in'NonHIschemic'vs.''

Ischemic'CMP'



Expanding populations 



Expanding*popula>ons:*pts*who*need*V*pacing*
PRO:)CRT)may)prevent)pacing6induced)CMP!

Herweg'B'&'al.'Card'Electrophysiol'Clin'2015;7:433H44'

Yu*C*&*al.*Eur*J*HF*2014*
PACE*trial:*longVterm*outcomes*

Khurshid*S*&*al.*HR*2014*
(chronic*RV*pacing*&*CMP)*

Auger*D*&*al.*JCE*2014*
Risk*of*death/HFH*vs.**
LV*dyss.*due*to*chronic*RVp*



Expanding*popula>ons:*pts*who*need*V*pacing*
CONTRA:)CRT)is)not)appropriate)for)specific)subgroups!

Daoud'EG.'Card'Electrophysiol'Clin'2015;7:445H53'

CRT not appropriate for all pts requiring chronic RVp, mainly those with 

preserved EF. 

No evidence that CRT reduces mortality or symptoms in pts with 

preserved LVEF. 

Short FU reports show that CRT limits the decline of LVEF, but the absolute 

change in LVEF: 

 - is very limited 

 - does not associate with adverse clinical outcomes. 

Implantation of a BiVp system is associated with: 

 - longer procedure time 

 - increased fluoroscopy exposure  

 - high rate of lead complications and malfunction 



Expanding*CRT*popula>ons:*NARROW*QRS*?*

Leyva'F'&'al.'20!Years!of!CRT.'JACC'2014;64(10):1047–58'

Several'singleHcenter'studies'showed'a'symptomaKc'benefit'from'CRT.''

Nonetheless,'two'recent'mulKcenter,'randomized,'controlled'studies'failed'to'

show'any'benefit:'

LESSERVEARTH*

CRT'did'not'improve'clinical'outcomes'or'induce'LV'reverse'remodeling''

ECHOVCRT*(QRS<130ms,!LVEF<35%,!mechanical!dyssynchrony))
No'mortality'benefit'from'CRTD'vs'ICD'+'a'suggesKon'of'potenKal'harm'in'CRTD.''

Trial'stopped'prematurely'for'fuKlity'(increased'mortality'with'CRTD).'

Cleland*JGF*&*al.*
Eur*Heart*J*2013'

Gold*MR*&*al.*
Circula>on*2012'

Post-hoc analalysis of REVERSE STUDY 



CRT  techniques: where we’re 
going*…*

'

alternatives pacing modes 



Why to propose alternatives pacing modes? 

•  LV dyssynchrony is a complex process involving not only one 

LV spot but usually a large area 

•  Pacing in one spot at the epicardium level may not totally 

correct LV dyssynchrony and so may provide a sub-optimal 

resynchronization. 

•   With non optimal resynchronization the response to CRT may 

be sub-optimal or absent. 



•  Has been recently proposed as a safe and efficient method of 

resynchronization :  

–  Dual site stimulation  

–  Multi-area stimulation ( RV + 2 LV  // 2 RV + LV) 

–  Multi site stimulation  

Alternative Biventricular pacing 



Quadripolar'Lead''

•  A quadripolar LV lead : with three ring electrodes located 20, 30, and 

47 mm from the tip electrode. 

•  With compatible pacing system, it is possible to deliver independent 

pacing pulses to multiple electrodes of the lead, potentially capturing 

a larger area and engaging multiple zones in the long axis of the LV.     



CRT*delivery*techniques:*innova>ng*approaches*…*
MULTISITE*approach*



CRT*delivery*techniques:*innova>ng*approaches*…*
MULTIVAREAVPACING*
Dedicated)TriV)devices)
modified'header'for''

3*ventricular*connec>ons'

No'need'for'YVADAPTOR*
HypotheKcal'TriV*configura>ons:'

•  DualHsite'RV'

•  DualHsite'LV'

DualVsite*LV* DualVsite*RV*



CRT*techniques:*innova>ng*approaches*…*
MULTIVAREAVPACING*&*EchoVop>m*@*implant*

Moubarak!G!&!al.!Archives!of!CV!Diseases!2014!

IntraHop'echoHguided'RV'lead'placement'during'

CRT'implant'is'FEASIBLE'and'acutely'improves'LV'

synchrony'vs'std'BiV.'

'

Most'op>mized*configura>ons*will'require'two'
RV'leads,'resulKng'in'TRIPLEVSITE*V*PACING.''
'

LongHterm'controlled'studies'needed'to'confirm'

whether'a'mechanically'guided'implant'associates'

with'beher'outcomes.'



CRT*implant*techniques:*where*
we’re*going*…*

'



CRT*delivery*techniques:*where*we’re*going*…*
Leadless*CRT*…*

Miller'MA'&'al.'Leadless!Cardiac!Pacemakers:!Back!to!the!Future.'JACC'2015:66(10):1179H89'

Implanted'baheryHpowered'ultrasonic'transmiher''

and'a'leadless'pacing'electrode'implanted''

directly'onto'the'LV'endocardium''

(LV'pacing'synchronized'with'RV'pacing'

pulse'from'a'coHimplanted'PM/ICD)'

'

'

SELECTHLV'study'outcomes:''

'

1)  adequate'acousKc'windows'in'12'of'14'pts'[86%];''

2)  Significant'resynch.'in'all'12'implanted'pts'(QRS'shortening'by'60±24ms)'vs.'RV'pacing;'

3)  no'instances'of'intraHprocedural'adverse'events'(15).''



CRT*postVimplant*care:*Op>mize,*Op>mize,*Op>mize*…**

Luna5!M!&!al.!
JAFIB!2014;7(2)!

QuickOpt!(SJM)!
IEGM6based)

SmartDelay!(BSx))
IEGM6based)

SonR!(SorinBG)!
hemodynamic)method)

Adap5veBCRT!(Mdt)!
IEGM6based)



CRT*postVimplant*care:*Op>mize,*Op>mize,*Op>mize*…**

Luna5!M!&!al.!JAFIB!2014;7(2)!



Conclusions*open*ques>on**
• Areas*for*improvement*in*CRT'

• Pts’'SelecKon:'
•  Imaging'is'promising'

•  Subgroups'(ongoing'trials):'AF,'chronic'RVp'

• CRT''Technique:'
•  Lead'posiKon'opKmizaKon''@'implant'

• MulKHPoint'/'MulKHArea'(ongoing'trials)'

•  LV'endocardial'(safety/efficacy?)'

•  Leadless'CRT'(?)'

• PostHImplant'Care:'

•  Recommended'a'PreHHospital'Discharge'assessment'

•  SystemaKc'OpKmizaKon'during'FU'(automaKc'tools,'echo)'

'

• Underuse*of*CRT'
• Awareness'/'cultural'barriers:'educaKon'/'GL'
•  Cost'/'Reimbursement'issues'(CountryHdependant)'

•  Eligibility'criteria'to'be'“fine'tuned”'



European Heart Journal June 2013  

Clinical factors influencing the likelihood to respond to CRT. 



CRT*delivery*techniques:*where*we’re*going*…*
LV*ENDOCARDIAL*approach*
TransVSeptal*approach*
Known'since'late'90’s,'controversial'outcomes'in'the'beginnings'

SKll'limited'available'clinical'data'(although'posiKve)'regarding'efficacy'and'safety'

Need'for'more'longHterm'data'

'

'

TransVApical*approach*
Same''advantages'than'transHseptal,'but'less'concerns'about'MR'and'extracKon'issues.'

Case'Reports'only'up'to'date'…'

Kassai'I'&'al.'Transapical!endocardial!lead!implanta5on!for!LV!free!wall!pacing.!Europace'2008'(doi:
10.1093/europace/eun090)'



CRT*delivery*techniques:*where*we’re*going*…*
LV*ENDOCARDIAL*TRANSAPICAL*approach*

Mascioli'G'&'al.'Giornale'Italiano'di'Cardiologia!2015;16(9):508H12'(two'clinical'cases'of'REHDO'CRT)'

BiV* BiV*+*transapical*endoVLV*



myocardial viability may be important for response to CRT. 
 all pts underwent nuclear imaging with 18F-FDG SPECT before implantation. 

 relation between the extent of viability 
 and the absolute change in LVEF 
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the total scar score was inversely related to 
the change in LVEF  



LVESD, Left ventricular end-systolic diameter;  
LVED volume, Left ventricular end-diastolic volume;  
LVES volume, Left ventricular end-systolic volume;  
Donal E et al. Eur Heart J (2006) 27;1018-1025 

Effects'of'CRT'on'lec'ventricular'size'and'funcKon'in'paKents'with'

average'IC'(NYHA'Class'II)'

Study Baseline Follow-Up CRT Follow-Up Control p-value 

MIRACLE-ICD II (n=85) 6 months 6 months 

LVED volume (ml) 340 ± 151 300 ± 130 334 0.04 

LVES volume (ml) 264 ± 138 223 ± 118 250 0.01 

LVEF (%) 24.1 ± 6.6 27.9 ± 7.9 24.9 0.02 

CONTAK-CD (n=263) 6 months 6 months 

LVEDD (mm) 69.6 ± 10.5 -2.4 ± 0.8 0 ± 0.8 0.024 

LVESD (mm) 57.6 ± 10.5 -3.2 ± 0.8 -0.5 ± 0.8 0.014 

LVEF (%) 21.9 ± 8 +4.7 ± 0.9 2.9 ± 0.9 0.16 

 
 
 
 

The CRT in class II acts by limiting the 
progression of the disease 

 
 
 
 



Expanding*CRT*popula>ons:**
pts*who*need*(con>nous/intermilent)*Vp*



12 months FU NYHA CLASS III/IV : 

 30% pz with conv CRT  

12.5%  TRIV  CRT  

•  100 PTS randomized in a 1:1 to conventional or triple-site CRT-D  

• Fluoroscopic  TIME TRIV system longer VS conventional  

•  Implantation success-rate similar 

• Adverse events at 1 year FU were similar 

Radoslaw L. et Coll. J. C. Electrophysiol 2012;23:1228-1236 



Abnormalities in intraventricular conduction, 

associated or not with delays in atrioventricular 

conduction, can adversely affect hemodynamic 

performance through the  

discoordination of cardiac contraction 

1980  

Askenazi J.et al. Am J Cardiol.1984;53:99-104. 



Researchers have explored the extraordinarily 

simple original hypothesis that mechanical 

discoordination caused by delays in electrical 

conduction can be reverted by atrioventricular 

electrical stimulation 

1984  


