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Dual-Site Pacing

Vv Atrial
* For prevention/reduction of AF
e Remains controversial

¥ For termination (ATP) of atrial and
ventricular arrhythmias (Mehra and
others).

¥ For atrial and ventricular CRT.

 Some early Bi-V CRT was called
“multisite”.



Multisite Pacing
(MSP)
What are we talking about?

¥V RA + LA pacing.

VY RV + LV pacing.

¥ RA + RA pacing.

¥ RV + RV pacing

YV RV + RV + LV pacing.

VRV +LV + LV pacing.

* Present area of greatest interest



_dual site atrial pacing to prevent atrial

fibrillation (DAPPAF)

Long-Term Outcome of Patients With Drug-Refractory Atrial Flutter
and Fibrillation After Single- and Dual-Site Right Atrial Pacing for

Arrhyvthmia Prevention

PHILIPPE DELFAUT, MD, SANJEEY SAKSENA. MDD, FACC,

RYSZARD B. KROL, MD, PuD
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Conventional CRT
(RA) + RV + LV



Multisite Pacing for End-Stage Heart Failure:
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Cazeau et al 1996

Vv “Multisite” here = conventional CRT

* RVA or RVOT to LV produced favorable
results.



CRT may favor Reversion of AF to SR,
(...which may further improve CHF?)

O Res Cardiod 98185158 2009)
DO 10,0007 /400392 00807402

Melanie Hauck Effect of cardiac resynchronization therapy

Alexander Bauer

Frederik Voss on conversion of persistent atrial

Hugo A. Katus

Ruediger Becker fibrillation to sinus rhythm




Dual Site RV
RV + RV

¥ Some reports that if an LV site cannot be
achieved, then dual RV may be better than
single site RV.
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VIA MEDICA

Dual-site right ventricular pacing.
A rescue alternative in cardiac resynchronisation
therapy implantation failure? More efficient

stimulation for patients with borderline cardiac
resynchronisation therapy indication?
Less harmful ventricular pacing?

Marcin Gula)', Tomasz Sodolski” and Andrzej Kutarski

Department of Cardiology, Ministry of Interior and Administration Hospital, Bialystok, Poland

Department of Cardiology, Medical University, Lublin, Poland




CASE RIPORT

Cardiac resynchronisation therapy versus
dual site right ventricular pacing in a patient
with permanent pacemaker and congestive
heart failure

Oruganti Sad Satish *, Kuan-Hung Yeh ", Ming-Shien Wen ®,
Chun-Chieh Wang**
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Dual site RV + single-site LV.
RV + RV + LV



Dual-site right ventricular and left ventricular () o
pacing in a patient with left ventricular

systolic dysfunction and atrial fibrillation

using a standard CRT-D device

David Chase *°, Vipen Kumar®, Amit Hooda*
J Saudi Heart Assoc 2013
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Dual site RV, + LV CRT
Chase et al 2013

Vv AF patient.
¥ A-port connected to RVS lead.
* Near Oms AV |.
VY RV & LV ports connected normally.
¥ Good response.






Arrhythmia/electrophysiology

Lurooean Meart Joumat (2007) 28, 2610 1419 clinical research
doi: 10, 109 ) feurhenrt M ehiméd

;A!- LN LA

Effect of triangle ventricular pacing on haemodynamics
and dyssynchrony in patients with advanced heart

failure: a comparison study with conventional
bi-ventricular pacing therapy

Kentaro Yoshida', Yoshihiro Seo*’, Hiro Yamasaki, Kazuyuki Tanoue, Nobuyuki Murakoshi,
Tomoko Ishizu, Yukio Sekiguchi, Satoru Kawano, Sadanori Otsuka, Shigeyuki Watanabe,
Iwao Yamaguchi, and Kazutaka Aonuma

VRV+RV+LV

Vv 21 patients, over medium-term follow up.
¥ Dual RV, + 1LV better than standard CRT.
¥ No RCT yet.




However...
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Disappointing

Stambler et al, JCE 2003

¥ In pts with CHF, LV Dysfunction, CAF:
* RVOT or dual site RV pacing shorten
QRS.

e But after 3 months, no change in QOL or
other outcomes compared with RVA pacing.

* Thus CRT with LV pacing is needed.



Multisite LV pacing



doc 103093 feurcpace/ouuly?

@ Eurcpace REVIEW

A review of multisite pacing to achieve cardiac

resynchronization therapy

Christopher Aldo Rinaldi'*, Haran Burri?, Bernard Thibault?, Antonio Curnis?,
Archana Rao®, Daniel Gras®, Johannes Sperzel’, Jagmeet P. Singh®, Mauro Biffi’
Pierre Bordachar'?, and Christophe Leclercq'!




Filgure | Anteropostenor projection of deployment of two

bipolar LV pacing leads in separate branches of the CS (anterolateral
and posterclateral) 1o achieve dual LV lead CRT,




anure 1 Top: Ameroposterior projection, Coronary Sinus angi

ography performed with 2 1éescopic catheter placed mto a Riteral
cardiac vewn, Bottom: LAO 30" projection. Implantation of a quad-

npolar LV lead using a similar approach compared with a regular

bipolar LV lead The patient has a persistemt left-sided supenor

vena cava
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Features of Quadripolar LV Leads

¥ Need only 1 LV lead.

¥ Choice of poles may avoid phrenic nerve
stimulation.

¥ May or may not provide multisite LV
stimulation depending on anatomy.

¥ May or may not provide CRT equal to 2
separate LV leads.



Ischemic CM may benefit most from
Multisite LV or Endocardial Pacing

¥ Ginks Circ A&E 2012, Europace 2012

Benefits of Endocardial and Multisite Pacing Are
Dependent on the Type of Left Ventricular Electric
Activation Pattern and Presence of Ischemic Heart Disease
Insights from Electroanatomic Mapping

Pier D. Lambiase, PhD: Simon G, Ducken, MD;
S. Rhode, PhD: Chiff Bucknall, MD:
. PhD;

Matthew R. Ginks, MD:. Anocop K. Sheuy, MBBS:

Julian Bostock. MSc: Janet L. Peacock. PhD: Kawal

Jaswinder Gill. MD:; Peter Taggart, MD: Christophe Leclkercg. MD: Gerald S, Carr-Whilte
Reza Razave, MDD, C Aldo Rinalds, MD

CLINICAL RESEARCH

o T 2 £ R g it Thero
Pading and Resynchronization Therapy

Multi-site left ventricular pacing as a potential
treatment for patients with postero-lateral

scar: insights from cardiac magnetic resonance
imaging and invasive haemodynamic assessment

Matthew R. Ginks'?*, Simon G. Duckett!2? Stamatis Kapetanakis?!, Julian Bostock!',

Shoaib Hamid'!, Anocop Shetty'?, Yingliang Ma?, Kawal S. Rhode?,
Gerald S. Carr-White', Reza S. Razavi'?, and C. Aldo Rinaldi'-?




LV MSP can overcome scar limitations of CRT

Biophysical Modeling to Simulate the Response
to Multisite Left Ventricular Stimulation Using
a Quadripolar Pacing Lead

STEVEN A. NIEDERER, PH.D.,* A.K. SHETTY, M.B.B.S.,*,+ G. PLANK, PH.D. ¥ ]. BOSTOCK,
M.B.B.S.,+ R. RAZAVI, M.D.,* + N.P. SMITH, PH.D.,*,§ and C.A. RINALDI, M.D.,* 1

From the *Imaging Sciences & Biomedical Engineering Division, King’s College London, London, United Kingdom;
and tDepartment of Cardiology, St Thomas’ Hospital, London, United Kingdom; #Institut fiir Biophysik,
Medizinische Universitéit Graz, Graz, Austria; and §Computing Laboratory, University of Oxford, Oxford,

United Kingdom

Background: Response to cardiac resynchronization therapy (CRT) is reduced in patients with
posterolateral scar. Multipolar pacing leads offer the ability to select desirable pacing sites and/or
stimulate from multiple pacing sites concurrently using a single lead position. Despite this potential,
the clinical evaluation and identification of metrics for optimization of multisite CRT (MCRT) has not
been performed.

Moethods: The efficacy of MCRT via a quadripolar lead with two left ventricular (LV) pacing sites in
conjunction with right ventricular pacing was compared with single-site LV pacing using a coupled
electromechanical biophysical model of the human heart with no, mild, or severe scar in the LV
posterolateral wall.

Result: The maximum dP/dty,, improvement from baseline was 21%, 23%, and 21% for standard
CRT versus 22%, 24%, and 25% for MCRT for no, mild, and severe scar, respectively. In the presence of
severe scar, there was an incremental benefit of multisite versus standard CRT (25% vs 21%, 19% relative
improvement in response). Minimizing total activation time (analogous to QRS duration) or minimizing
the activation time of short-axis slices of the heart did not correlate with CRT response. The peak electrical
activation wave area in the LV corresponded with CRT response with an R® value between 0.42 and 0.75.

Conclusion: Biophysical modeling predicts that in the presence of posterolateral scar MCRT offers an
improved response over conventional CRT. Maximizing the activation wave area in the LV had the most
consistent correlation with CRT response, independent of pacing protocol, scar size, or lead location.
(PACE 2012; 35:204-214)



CLINICAL RESPONSE TO MULTISITE BIVENTRICULAR PACING

Poster Contributions
Poster Sessicns, Expo North ACC 2013
Satueday, March 09, 2013, 245 p.m.-4:30 p.m.

Session Titke: Heart Failure: Cardiac Resyncheonization Therapy
Abstract Cotegory: 17, Heart Fadlure: Therapy
Presantation Number: 1177-311

Authors: Jose Cuellar-Siva, Dan Dae, Andrew Wickiite, Thomas Deenng, Sepe Cazesu, loanns Xosmudou, Pradmont Heart lesttute, Atlanta, GA,
USA, Georgia Health Sciences Unnversity. Augusta, GA, USA

Background: Lack of response to cardiac resynchronization therapy (CRT) remains a clinical challenge and is predominantly attnbuted %o

suboptimal LV lead positonieg. Multiste pacing (MS-CRT) has emengad as an altemative to biventnoular pacing, however chnical responses have
a0t been thoroughly imvestgated.

Methods: 66 patients (45 malkes) with CHF (NYHA [l sad ambulatory 1) uaderwent intial MS-CRT (ICRT, n=49) or upgrade 1o MS-(RT om
standard CRT after worsening of chnical status or adverse remodefing (UCRT, n=17). Major adverse clinical events (MACE) were death, heart fadure
(HF) hospiraiizatioa and cardiac transplantation or ventnculsr assst devica implant at one year.

Results: Cinical charactenistics and baselne LVEF, were similar between groups except for AF (64.7% vs 33.3% for the UCRT and ICRT groups,
p~0.025) and history of ventricular amhythmeas (41.3% vs 16.7% for the UCRT aad ICRT proups, p~0.039). Maan LVEF change after implant was
pot different betweoen e ICAT 2nd UCRT growps (8.048% vs 4.1£6.3%, p~0.27). At one year, the probabiity for MACE was similar between the two
groups (LR=0.892). Time to first HF hospitakization was sot different between groups (222.32134d vs 267.2+ 1184 for the IRT and UCRT groups,
p~0.818).

Conclusions: Upgrade to MS-CRT in CRT non-respoaders results i chnical response smilar 10 the observed resposse with inal MS-CRT implant.
Multisite pacng may be uselul in CRT non responders,




Eurcpace (2013) 18, 984991 CLINICAL RESEARCH
surarean doi: 10. 109X eurcpace/ eus43S Pacing and resynchronization therapy

Acute haemodynamic comparison of multisite
and biventricular pacing with a quadripolar left
ventricular lead

Bernard Thibault'®, Marc Dubuc?, Paul Khairy', Peter G. Guerra', Laurent Macle',
Lena Rivard'!, Denis Roy', Mario Talajic', Edward Karst?, Kyungmoo Ryu?,
Patrice Paiement?, and Taraneh G. Farazi?

'Deparmment of Meddne nd Rescardh Center, Montreal Heart Instiate and Uriversind de Moserédl. 5000 Belarger Street Montres. Quetec QC HIT 108, Caradx
5t Jude Medicd, Resesrch Departrment. 15900 Valley View Court. Sptmur, CAUSAC and "2 jude Modical Carada, Oirnical Revearch Departmene, 2900 Derry Rosd West, Suste 400,

Masimauga, ON, Canada

Recesnd 27 Septemder 2012 otoepoad ofter revsion 19 Decerrder 2012, andve it ahesdofprvn 27 Febeary 2013

Alms

Methods

and results

Pacing from multiple sites in the left ventricle (LV) may bring about further resynchronization of the diseased heart
compared with biventricular (BiV) pacing. We compared acute haemodynamic response (LV diYde,..) of multisite
“WMmaqoadnpohrWM
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ventricular leads were connected to an extemnal pacing system, A puidewire pressure sensor was placed in the LV
for continuous dPYdt measurement. Four multisite padng configurations were tested three times cach and compared
with BiV pacing using the distal LV clectrode. Nineteen patients had useable haemodynamic data Median increase in
LV dPfde,.. with BiV v atrial-only pacing was B 2% (imterquartile range 2.3%. 15.7%). With multisite pacing using
distal and proximal LV electrodes, median increase in LV dfYde, . was 10.2% compared with atrial-only pacing (inter-
quartile range 6.1%, 25.6%). In 16 of 19 patients (84%), two or more of the four multisite pacng configurations
increased LV dPide . compared with 8V pacing. Overall, 72% of all tested configurations of madtisite pacing pro-
duced greater LV dPide . than cbtained with BiV pacng Padng from most distal and proximal electrodes was
dnmmop&“mﬁpnmmwﬁuw&v»cu\gm?«dpwm

hwmyofmm&mm“mcngnwdm:m ﬁmﬁmcmwredwnh&\/m Paong

wiarh the maver dictal and ooravirmal electrodes of the ouadornalar LV lead mosr commoaniy vielded ereate<r LV A
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Table | Studies of MPS delivered by a quadripolar

Author, Number of Study type Findings
year patients

Thibault et ol 1921) Aoste comparatve study 72% of patients. MPP mproved acute systolc function vs. convertional
X013 Measurement nvasive haemodyname CRT. Paorg most dstal and proximal dlectrodes most commonty
ezt on (P yielded greatest LVdaPde ...
Rruldiet o 413(53 LOmDar v $tudy ¥er mglanm 64% of patients MPP resulted in st ant reduction in dystyncheory vi
2013 Messurement echocar dopraphin conventional CRT

dyssynchrony (TDI)

Pappone ecol. 44 Randomized companative study e thetimeof  Man finding CRT with MPP can signficantly mprove acute LV
2013 molant haemodynamic parametens assessed with PV loop measurements as
Measurement Nvasive Paemodynami COMPAred with Lofwenhiony CR1

evallation | pressure —volume 0ogs)

But remember RV + RV + LV
Also poduced favorable early results

That lessened over time.




How many sites are needed to optimize
MSP?

Studied in canines with chronic
LBBB



Acute electrical and hemodynamic effects of multisite left
ventricular pacing for cardiac resynchronization therapy in the
dyssynchronous canine heart

Swivain Plouwx, MD, '* Marc Strik, MD, Arme van Hunnik, BS¢, Lars van Middendorp, MD,

Marion Kuiper, BSc. Frits W. Prinzen, PhD
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OBJECTIVE To compase the effects of omuiti-LV versus s
paring n dogs with left bundle branch black (LBBS)

METHODS Studies were performed in 9 aarithwtond dogs with
hromic LBBE uding 7 LY ep il electsodes. Each alactode was
eied 2ot and N combation with 1. 2. 3 and & ohee
electndes, the sequence of wihvch was Chosem on the bk of
practical seal-Uime sectnc mapeng 1o Oetermine the svie of the

tvatien LV total activation time (LVTAT) and dispersion of
repolarization (DRe2) were mexicred Dy uing 20 ximately 100
slectodes ound the venitnoes., LY comtractit Ty was s siad as

the macimem denvattee of 1oft veatnioular peessure (LYOP /L. )

RESULTS Single-LV pacing prowided, on average, o —4.0°% = 9.5%
change In LYTAT and 0.2% = 13.7% Ovange = DRep. Muini.LV
pacing maredly decreased doth LVTAT and DRep

foion 10 reach —41.5% “ " (P - 01 %r ovenal companison)

3 sUepwie

ind —14.2% & 195% (P - ¢ %or oveaal corspurisom) i the
septupie-lY pacing configuratic Roectively. SingiedlV patg

- - -

provided 2 mean worease of 10.7% 7% In WP/t

LVWIP /o o Dorementdly ‘ncresed by the ad&tion of oo g

. D 4

secodes 1o AN 5% () P01 for ovenall comgarison)

Mmah mw pose 0 ung LN D g Co% H not be imorowed furthes

ourng mult»-LY paong

CONCLUSIONS Compared with single-LY pacing. mult LY pacing
can considerably reduce both LYTAT and DRep 'n dogs with LBBB,

Dt the e owime ] 1t COMIACTIItY 1 Lim i d OO where

g -LY 2200 oo viden uioot'mal imotowerre . Furthe: Sudies
e wararted to determine whether these aoute effects transiate 'n

ant@erhytheric properties and better long-term outcomes

KEYWORDS Cardac resynchromtzaton therapy: Multsite R
venlriculis pading: Heart faflere; Left Dundie Danch Bdock

Gnd 9 mageing: Bwentricular pacing

ABBREVIATIONS CRT » cardiac mognchronization therapy, DRep
dupersion of repolarization: LBSE
LY et ventnicde: LYEP/dL... maciosgn dervative of R
ventroular pressune; LYTAT = Left ventricular total activation time
malth- LY multste left ventricula; RY rght vertnoular
single-LY

122 bunde bunch Mock

singlese o™ ventnculy
(Heart Rhwthes 2014:13:119-12%) © 2004 Heart Rinthm SoGety. All
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MultiPoint Pacing Trial

ClinTrials.gov NCT02066467

¥ BSC-Guidant European trial.
Vv 2014-2016
¥ Randomize:

e Conventional CRT.
e CRT-MSP with Quad LV lead.



MORE-CRT

ClinTrials.gov NCT02006069

¥ SJM European trial.
v 2014-2017.

Vv All get quad LV lead but programmed to
conventional CRT.

Vv After 6 months:
* responders continued as CRT.

* Non-responders randomized to
conventional or MSP-CRT.



Hierarchy?

¥ Sometimes a good LV position cannot be
achieved through the coronary sinus.

Vv A “hierarchy” has been suggested:
e RV+LV
* Maybe RV + LV + LV.
* Or RV + RV +LV

e Dual site RV (RV + RV).
. RVOT.

* RVA. Known to be bad with poor LV
function.



“Thinking out of the Box”



Impulse Dynamics ™ Multisite RV Cardiac
Contractility Modulation (CCM) delivered
during RP at multiple RV sites

First Human Chronic Experience with Cardiac Contractility
Modulation by Nonexcitatory Electrical Currents for Treating
Systolic Heart Failure: Mid-Term Safety and Efficacy Results
from a Multicenter Study

CARLO PAPPONE, MDD P D, GIUSEPPE AUGELLO MDD
SALVATORE ROSANIO M D Py D, GABRIELE VICEDOMINI M .D..
VINCENZO SANTINELLL M.D.. MASSIMO ROMANO. M D.. EUSTACHIO AGRICOLA. M D.,
FRANCESCO MAGGH D.SC, GERHARD BUCHMAYR, D.Sc..i GIOVANNI MORETTL:
YUVAL MIKA, DSc_* SHLOMO A. BEN-HAIM . M.D_ Pu.D.t MICHAEL WOLZT. M D_1
GUENTER STIX, M.D_.1 and HERWIG SCHMIDINGER. M.D 1

Conclusion COM therapy appears 1o be sale und Teamable, Proarchythmic effects of this novel theragy
woems ushikely, Prodimisary data indicate that COM gradually and signsficantly improves systalic perfor-
mance, symptosss, and lanctional status, COM therapy for 7 hours por day b associsted with greaser
dispersion mear the mean, conphasizing the noed 1o individually tailor COM delivery duration, The tech-

nigue appears to be attractive as an sddative treatment for severe HE, Comtrolled rasdomized studses are
neoded 1o validate this movd concept. (J Candiovase Electrophyniol Yol IS, pp 418427, Apeil JON)




His Bundle Pacing for CRT

¥ Early studies (Rosen, Narula) indicated
that some LBBB originated proximally in

fibers in the HB that were destined to
become the LBB.

Vv Early attempts at chronic HB pacing
(Furman, Karpawich) foiled by
development of fibrosis.

¥ Small modern steroid-eluting screws have
re-opened interest in HB pacing.
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Cardiac Resynchronization Through Selective His
Bundle Pacing in a Patient with the So-Called InfraHis
Atrioventricular Block

PABLO MORINA-VAZQUEZ, RAFAEL BARBA-PICHARDO, JOSE VENEGAS-GAMERO, and

MANUEL HERRERA-CARRANZA

From the Arrhythais and Paciag Usit, Critical Care Depanment uan Rassdn Jiménez™ Hosplt o, Huelva, Spain

MORINANAZOQUEZ, P, e A Cardiac Resynchronization Through Selective His Bundle Pacing in a
Patien! with the So-Called Infrallis Atrioventricular Block. We present a case of Infraliis AV block in
ch selective His bundle pacing with His.vealricular conduction through the conduction system was
accommlished, While further Investigations are developed, this approach may be an alternative for cardia

- 720

resynchroaization In cases of difficult caron y SInus access. [PACE 20005, 28.726-72




Figure 2. Panel A: PA x.ray showing the final position of the right atrial, right ventricular, and
His bundle leads, Panel B: Continuous pacing at the fmm’ position of the His bundle lend catheter
beside the reference temporary catheter, the third complex is a pure His buadle capture, while
the other two QRS complex are minimally fused.

PACE. Vol. 28 uly 2005



Permanent His-bundle pacing is feasible, safe, and
superior to right ventricular pacing in routine clinical
practice ® O @

Parikshit S, Sharma, MD, MPH, Gopi Dandamudi, MD, FHRS,

Angels Naperkowski, RN, FHRS, CCDS, CEPS, Jess W. Oren, MD, " Randle H. Storm, MD, FHRS,’
Kenneth A. Ellenbogen, MD, FHRS,' Pugazhendhi Vijayaraman, MD, FHRS

Fromu the Gorsimger Wyominey Valley Madical Conter, Wilkes Barre, Peronvhiania Cviion gy s \f-..'...'

Center, Dannille, Permsylhni, and “Virvinia Vo veallh (niverailly Malived Cenier, Richanond
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HB pacing may give results similar to
conventional CRT

HIH outcomes Mortality outcomes
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Conclusions

¥ CRT is important for heart failure patients
especially with LBBB.

¥ Conventional CRT (RV + LV) is sufficient for
most.

V¥ For others, quadripolar LV leads give option
of LV MSP.

¥ Other entities also should be considered:

* Endocardial and surgically placed LV leads,
unconventional stimulation, His Bundle
pacing.



All Done!




AF + CHF:
AVJ ablation + CRT, or PVI?

"

- -

Four-Year Efficacy of Cardiac Resynchronization
1 her apy on Fxercise Tolerance and Disease Progression

The Importance of Performing Atnioventricular
Junction Ablation in Patients With Atnal Fibnllation
Maurizio Gaspanind, MD.* Angelo Aunsicchio, MD, Pul)38 Francois Regoli, MD.* Cecilia Fantoni, M1,

Mihoko Kawabata, MD.$ Paola Galis nl ti, MD.* Daniel l ini, \:l',' Carlo Cenotnn, MD*
Fdoardo Gronda, MD.* Cathenine Klersy, \”' MSc, *. wona Fratni, MD.3 Helmaur H. Klein, M1

2 ) ' m y . . ) . . )
Mulen and Patia fahy .o{.x_'....'..'_'. Crormany: and | yran sl zeriand




AF + CHF:
AVJ ablation + CRT, or PVI?

Pulmonary-Vein Isolation for Atrial
Fibrillation in Panents with Heart Failure

CONCLUSIONS
Pulmonary-vein isolation was superior to atrioventricular-node ablation with biven-
tricular pacing in patients with heart failure who had drug-refractory atria! fibril-
lation. (ClinicalTrials.gov number, NCT00599976.)

N ENGL) MED 359,177 WWW.NEJM.ORG OCTOBER 23, 2008




AV Node Ablation in AF + CRT:
Choose patients carefully:
There’s no turning back!




