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RCTs in NYHA HH/1V pts

Trial (ref) No. Design NYHA | LVEF | QRS Primary Secondary endpoints Main Findings
endpoints
MUSTIC-SR™ 58 Single-blinded, Il | <35% | =150 MWD NYHA class, Qol, CRT-P improved 6MWD,
crossover, peak YO,LV volumes, | NYHA class, QoL, peak VO,
randomized CRT vs. MR hospitalizations, reduced LV volumes and MR
OMT, & months mortality and reduced hospitalizations
PATH-CHF 41 Single-blinded, -1V | NA | =50 Peak VO, NYHA class, QoL CRT-P improved NYHA class,
crossover, 6MWD hospitalizations Qol and 6MWD and reduced
randomized RV vs. hospitalizations
LV vs. BiV,
12 months
MIRACLE® 453 Double-blinded, M-IV | <35% | =130 | NYHA class, Peak VO, LVEDD, CRT-P improved NYHA class,
randomized CRT vs. 6MWD , QoL LVEF, MR Qol and MWD and reduced
OMT, 6 months clinical composite | LYEDD, MR and increased LYEF
response
MIRACLE-ICD* 369 Double-blinded, -1V | <35% | =130 | NYHA class, Peak VO, CRT-D improved NYHA class,
randomized MWD , QoL LVEDD, LVEF, MR Qol, peak VO,
CRT-D vs. ICD, clinical composite
6 months response
CONTAK-CD* 490 Double-blinded I-Ill- | <35% | 2120 | NYHA class, LV volume, LVEF CRT-D improved 6MWD,
randomized v 6MWD , QoL composite of NYHA class, Qol,
CRT-D vs. ICD, mortality, VT/VF, reduced LV volume and
6 months hospitalizations increased LVEF




RCTs in NYHA HI/1V pts (hard clinical endpoints)

Trial(ref) w NYHA Secondary endpoints Main Findings
endpaints

COMPANION® Double-blinded <35% All-cause | All-cause mortality, | CRT-Pand CRT-D reduced
randomized mortality or | cardiac mortality all-cause mortality or
OMT vs. CRT-P [ or hospitalization hospitalization
vs. CRT-D,
|5 months

CARE-HF 3| Double-blinded 5% All-cause All-cause mortalicy, CRT-P reduced all-cause

randomized mortality or NYHA class, QoL mortality and hospitalization
OMT vs. CRT-P hospitalization and improved NYHA class and
29.4 months Qol




RCTs in NYHA /11 pts

Trial (ref) NYHA Secondary endpoints Main Findings
endpoints

CRT-P/CRT-D did not change
the primary endpoint and did

not reduce all-cause mortality
but reduced LVESV index and
heart failure hospitalizations.

Double-blinded,
randomized
CRT-ON vs.

CRT-OFF,

1 months

Single-blinded,
randomized
CRT-D vs.ICD,

1 months

MADIT.CRT*

Double-blinded,
randomized CRT-D
vs. ICD

40 months

% worsened
by clinical
compasite
endpoint

All-cause
mortality or
heart failure

hospitalizations

All-cause
mortality or
heart failure

hospitalizations

LVESV index,
heart failure
hospitalizations and
all-cause mortality

All-cause mortality
and LVESV

All-cause mortality
and cardiovascular

death

CRT-D reduced the endpoint

heart failure hospitalizations or

all-cause mortality and LVESV.
CRT-D did not reduced

all-cause mortality

CRT-D reduced the endpoint
all-cause mortality or heart
failure hospitalizations. In
NYHA I, CRT-D only reduced
significantly all-cause mortality
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AV mechanical dyssynchrony

Optimal AV dyssynchrony

C0O 5.2 l/min

Demonstration of AV dyssynchrony



Intraventricular mechanical
Dyssynchrony

e IVMD values of > 40 ms
and values of LV PEP of
> 140 ms are considered

pathological

! 1 ) !

‘\ .\., A Li— l\ 1 4- ‘ 7.- ”H , o — A by ot /L 0548
20 it's * 10 Y] ones 99 yal 29 Y 10 053 09
IVMD =211 ms - 122 =89 ms




Inter-ventricular mechanical dyssynchrony

M-Mode: SPWMD> 130 mswas  TpJ> 60 ms of time to Sm Peak
considered pathological between LV segments

‘ i~ '..] IRNY PN [ e | ‘ ‘ » ‘
SPWMD =30 ms SPWMD = 400 ms




Inter-ventricular mechanical
dyssynchrony

! AVO AVC :




PROSPECT (Results of the Predictors of Response to CRT Trial)

[Tolvkevrpikn perétn (53): Europe, US, Hong
Kong

. , Septal-posterior wa mobon delay; M mode measurad by parasteenal M mode
467 acleveig , 54% oyoyukn HF short s view

, Interventncuiar mechanical delay defined as the difference betwes Putsed Doppler
NYHA III N AV4 left and right ventricular presjection

filing time (LVFT) in relstion to yele length Puised Doppler

QRS > 1 3 Oms, EFS3 5% " measured by mitral Doppler echo expressed

2= parcentage

EKTI;U’?U” 5UUUyXpOVlO'ILtOé.' 12 ﬂ:apdug‘chl ? Left ventncuar preejection mterval defined as the time interval Puised Doppler

betwaen the beginning of GRS and baginning of keft ventncular

5 +7 TDI ¢ by Dopples

LLwe™ laft kstaral wall contraction defined as M mode and pulsed Doppler

RESpOﬂSG '[O CRT O, 3’ 6 mOnthS the presence of ow F:,.etweew the end of tateral wal contraction

(via M mode) and onsst of LV filling (by Doppler echecardiography)
Ts-{lateral-septal)

/4
KA
, Ts-S0"" systolic y m ejpection phase for
EmiPioon grnists (8 basal nd 6 midde)
PV Pesk velocity differsnce derived from subtracting the maximal from
NYHA CCS the minimal difierence of time fo p lecity (scluding velocties
occurnng duning isovolumi time) for 6 segments at
LA 14
Noocokopuegtakn voonieio o
Delayed longiudinal contraction measurad in the 6 besal [eft
/4 14 4 N . o
FSVIKOTE EKTL (0] (XGGSVOU ventniciiar segments with a systolic contraction component in early
pn l"ln n C-’ diastole by TDI and confirmad with stran rate imaging
J Ts-peak displacement Mzdmum differencs of time to peak systokc dispiscement
Y epnyoypopika pask gy )

for 4 segments
lLVESV 21 5% Ts-peak (basad) Maximum difference of :nea:v:-hffk :Blﬁi velocity for 6 sagments

Ts-onsel (basal) Masmum difference of tme to onset of systolic velocity for 6
saqments at basal level

Chung et al Circulation 2008;117: 2608-2616



PROSPECT (Results of the Predictors of Response to CRT Trial)
Results

CCS end point

5 non-TDI parameters , 1 TDI €dei&av uétpio 6tatioTIKn
GLGYETION UE TO KAVIKO amoTéAesa OV Oempeitan emttuyng
avtanokpion otn CRT.

LVESV end point Ciinlcal C It ch In LVESV
, , , : nical Composite : ange in
4 non-TDI parameters, 1 TDI £deiav 6TaTIOTIKY) GLGYETION ‘ swrep e ge =286

VIEPNYOYPAPIKS amoTédeoua Tov Bewpeiton emtvoyng CRT.

H evoucOnoio kou e1d1xotnto. twov ueietnOéviwy ropoustpwy n
HOUNAT].

H ueiétn oev kataoeixvoel komolo amo tovg ToALoig
DIEPNYOYPOAPIKODS TOPAYOVTES WG OCIOTLOTO (DOTE VO,

guoron et otnv KAvikn mpa 10 EKTIUN TN TOV , " 0%
xpnoiponoin n 1 mpacn y unon Ay o e S LT

1 ).
OVOVYYPOVIGUOD cha nged Reduction Increzse

I1Bavov 1 klvikn fedticoon va Epyetar ypiyopotepo. amo Ty
NYOKOPILOYPOPIKY OE KATOLOVG QOHEVELG.

Chung et al Circulation 2008;117: 2608-2616



Indicationmns for cardiac resynmnchronizationmn thherapy im
Patients imn simnus »hythrr

Recormrmeaendacions

1y LEBEBEB with QRS
dwuratiom > 1 50 ms.

CRT is recormmeandad im
chronic HF padents and LWEF
=357 wiho rermain il NY A
functional class I, 111 amnd
ambulatory IV despite adequats
meaedical creaomnant. ©

2y LEBBEBE with QRS
dwuratiocom |120—15%50 mis.

CRT is recomumeandead in
chronic HF padbeaents and LWEF
=357 wiho remain im BN S
functicnal class I, 111 and
ambulavory 'V despite adequatse
medical oreaumnamnic <

32y NMon-LEBBB with QRS
duratiomn > 150 rmms.

CRT should e considerad in
chronic HF padents and LWEF
<355 wiho remain i <N LA
functonal class 1L T and
ambulacory IV despite adeqgquats
meadical ocreatmeant ©

4 NMNon-LEBEBB with ORS
duwuratiom | 20—150 mis.

CRT may be considered in
chronic HF padents and LWEF
<3575 maim i DY LA
functicona . . 1 arwd
ambulacory ' pite adequate
medical T

5 CRT in padentcs with
chromnic HF widh OQRS duratcicon
= 1 20 ms is mnot recormimended

2013 ESC Guidelines on cardiac pacing and cardiac resynchronization therapy
Brignole et al Europace 2013;15:1070-118 / Eur Heart J 2013;34:2281-329




Cardiac-Resynchronization Therapy
in Heart Failure with a Narrow QRS Complex

Frank Ruschitzka, M.D., William T. Abraham, M.D., Jagmeet P. Singh, M.D., Ph.D., Jeroen ). Bax, M.D., Ph.D.,
Jeffrey S. Borer, M.D., Josep Brugada, M.D., Ph.D., Kenneth Dickstein, M.D., Ph.D., lan Ford, M.D., Ph.D.,
John Goresan I, M.D., Daniel Gras, M.D., Henry Krum, M.B., B.S., Ph.D., Peter Sogaard, M.D., D.M.Sc.,
and Johannes Holzmeister, M.D., for the EchoCRT Study Group™

BACK GROUMND

Cardiac-resynchronization therapwv (CRIT) reduces morbidity and mortality in chromn-
Ic svstolic heart failure withh a wide QRS complex. Mechanical dyvssyvnchrony also

occurs in patients with a narrow QRS complex, which suggests thhe potential use-
fulness of CRI in such patients.

METHODS

Wie conducted a randomized trial involving 115 centers to evaluate the effect of CRT
in patients with MNew York Heart Association class I1II or IV heart failure, a left ven-
tricular ejection fraction of 35% or less, a QRS duration of less thhan 130 msec, and
echocardiographic evidence of left ventricular dyvssyvnchrony. All patients undervwent
device implantation and were randomly assigned to have CRI capability turned on
or off. The primarwv efficacy outcorme was the composite of death frorm anv cause or
first hospitalization for worsening heart failure.

RESULTS

O March 13, 2013, the study was stopped for futility on the recommendation of
the data and safety monitoring board. At study closure, the 8209 patients who had
undergone randomization had been followed for a mean of 19.<4 months. The pri-
mary outcorme occurred in 116 of 40«4 patients in the CRT group, as compared with
102 of 405 in the control group (28.7% vs. 25.2%; hazard ratio, 1.20; 95% confi-
dence interval [CI], 0.92 o 1.57; P=0.15). There were <45 deaths in the CRT group
and 26 in the control group (11.1%% vs. 0.94%; hazard ratio, 1.81; 95%: CI, 1.11 to
2.93; P=0.02).

COMNCLUSIOMNS

In patients with svstolic heart failure and a QRS duration of less thhan 130 msec, CRT
does nmnot reduce thhe rate of death or hospitalization for heart failure and mayv Increase
mortality. (Funded bwv Biotronik and GE Healthcare; EchoCRT ClinicalTrials.gowv
nmnumber, HNCTOOGESOGODG.)

Ruschitzka et al. N Engl J Med 2013;369:1395-405




Cardiac-Resynchronization Therapy

Table 2. Protocol-Specified Cardiovascular Outcomes.*

Frank Ruschitzka, M.D., William T. Abraham,

in Heart Failure with a Narrow QRS Complex

M.D., Jagr

Qutcome

Primary composite outcome

Death from any cause or hospitalization for
heart failure

Components of primary outcome
Hospitalization for heart failure
Death from any cause
Other cardiovascular outcomes
Hospitalization for cardiovascular event
Death

Cardiovascular event

Heart failure
Follow-up data censored

Owing to LVAD implantation

Owing to heart transplantation

Death after data were censored owing to LVAD
implantation or heart transplantation]

COMNCLUSIOMNS

Control Group

(N=405)

CRT Group

(N=404)

no. of patients with event (%)

102 (25.2)

9 (22.2)
26 (6.4)

137 (33.8)

17 (42)
10(25)

10 (2.5)
5(12)
4(10)

116 (28.7)

99 (24.5)
45(11)

147 (36.4)

37(9.2)
17 (42)

7(17)
3(07)
1(02)

Adjusted Hazard
Ratio (95% Cl)

1.20 (092-1.57)

1.16 (0.87-1.55)
181 (111-2.93)

1.11 (0.88-1.40)

2.26 (L.27-4.01)
1.74 (0.80-3.81)

A Primary Composite Outcome

100— .,
90—
20
T
50—
50— P=0.15
40|
30—
20—
10 -3

0 T T T T T T 1 -
o] 0.5 1.0 1.5 2.0 2.5 3.0 3.5

CRT
Control -

Patierts with Event (%)

Years since Randomization

No. at Risk
CRT 404 297 223 155 103 65 42 19
Control 405 302 236 166 119 71 44 15

B Death from Any Cause

100 —
90— Tt
£ 50
T 7o -
S s0+
= 50
= 40
5 P—0.02
= 30 CRT
o 20— i-_—-
o e ComoT
o T T T T T T 1 -
o] 0.5 1.0 1.5 2.0 25 3.0 3.5
Years since Randomization
No. at Risk
CRT 404 334 267 199 132 34 56 25 -
Control 405 335 269 195 141 a7 62 27
-
Figure 2. Kaplan—Meier Estimates for Primary-Outcome Events. a

Panel A shows the Kaplan—Meier curves for the primary composite out-
come of death from any cause or hospitalization for heart failure. Panel B
shows the Kaplan—Meier curves for death from any cause.

In patients with svstolic heart failure and a QRS duration of less thhan 130 msec, CRT
does nmnot reduce thhe rate of death or hospitalization for heart failure and mayv Increase
mortality. (Funded bwv Biotronik and GE Healthcare; EchoCRT ClinicalTrials.gowv
nmnumber, HNCTOOGESOGODG.)

Ruschitzka et al. N Engl J Med 2013;369:1395-405




Cardiac-Resynchronization Therapy
in Heart Failure with a Narrow QRS Complex

Frank Ruschitzka, M.D., William T. Abraham, M.D., Jagrmr Reason of Death %?23:] G?EJP,
- number (%) number
Table 2. Protocol-Specified Cardiovascular Outcomes. with event (%) with
N=405 event
Control Group ~ CRT Group  Adjusted Hazard ’ N=404
Outcome (N=405) (N=404) Ratio (95% Cl) Any reason 26 (64%) | 45 (11.1%)"
no. of patients with event (%) = Cardiovascular 17 (4.2%) 37 (9.2%)™
Primary composite outcome Death due to heart failure 10 (2.5%) 17 (4.2%)
Death from any cause or hospitalization for 102252  16(87)  120(09-15) o0 Death due to arrhythmic events 400%) | 14(35%)
heart failure Death due to non-ischemic 0 2 (0.5%)
; dysrhythmia e
Components of primary outcome .
2 Death due to symptomatic heart 0 4(1.0%
Hospitalization for heart failure 90 (22.2) 99 (24.5) 1.16 (0.87-1.55) ‘ block/bradycardial PEA (1.0%)
Death from any cause 26 (6.4) 45(1L1)  1.81(L11-2.93) Sudden cardiac death 4 (1.0%) 8(2.0%)
Other cardiovascular outcomes | Presumed cardiovascular death 1(0.3%) 5(1.2%)
Hospitalization for cardiovascular event 137(338)  147(364)  111(0.88-140) \ Fatal stroke 1(0.3%) 1(0.3%)
Other vascular death 1(0.3%) 0
Death
) Non-Cardiovascular 9 (2.2%) 8(2.0%)
Cardiovascular event 17 (42) 37(9.2) 2.26 (1.27-4.01)
Heart fall 10(25 1762 174(080-381 Cancer 119%) 10%)
rt : : . . .
cartfafure (23] (“2) ( } Infection-pneumeonia 0 2 (0.5%)
Follow-up data censored Infection-sepsis 1(0.3%) 3(0.7%)
Owing to LVAD implantation 10(23) T(17) Other non-cardiovascular 1(0.3%) 0
Owing to heart transplantation 5(1.2) 3(07) Respiratory-exacerbation of COPD 2 (0.5%) 0
Death after data were censored owing to LVAD 4(1.0) 1(0.2) : Traumatic injury 1(0.3%) 2(0.5%)
implantation or heart transplantation] Death after crossover 7 (1.7%) 1(0.3%)
COMNMCLUSIOMNS Statistically significant difference of *p<0.05, **p<0.01

In patients with svstolic heart failure and a QRS duration of less thhan 130 msec, CRT
does nmnot reduce thhe rate of death or hospitalization for heart failure and mayv Increase
mortality. (Funded bwv Biotronik and GE Healthcare; EchoCRT ClinicalTrials.gowv
nmnumber, HNCTOOGESOGODG.)

Ruschitzka et al. N Engl J Med 2013;369:1395-405



Recommendations for cardiac resynchronization therapy implantation in patients with heart fallure

Recommendations Class®

CRT ks recommended for symptomatic patients with HF In sinus rytihm with 2 QRS duration =150 meec and LEBB QRS
miarphecbagy and with LVEF <35% despite OMT In order to Improwe sympiomes and reduce morbidity and mortzlity

CRT should be considered for symptomatic patients with HF In sinus rhythm with 2 QRS duration =1 50 meec and non-LBEE
QRS morphology and weth LYEF <35% despite OMT In onder to improve symptoms and reduce morbidity and mortalioy

CRT s recommended for symptomatic patients with HF In sinus rytihm with 3 QRS duration of 130149 meec and LEBE QRS
miarphecbagy and with LVEF <35% despite OMT In order to Improwe symptomes and reduce morbidity and mortzlity

CRT may be considered for symptomatic patkents with HF in sinus rhythm with a QRS duraton of 130149 msec and non-LBEE
QRS morphology and weth LYEF <35% despite OMT In onder to improve symptoms and reduce morbidity and mortalioy

CRT rather than RY pading k= recommended fior patieris with HFrEF regerdless of NYHA class who Fave an indicziion for wentriculzr
pacing and high degree AY block In order o reduce morbidicy. This Indudes pateniz with AF (zee Section [0.1),

CRT should be considered for patients with LYEF <35% in MYHA, Class [IHY® despite OMT In onder to Impinove symptome 2nd
reduce morbidity and moriality, f they are in AF and have a QRS duration =130 msec provided a strategy to ensure bi-ventricular
capture i In place or the patent i expected to reum to sius rhythm.

Patients with HFEF who have neceived 2 comventional pacemakeer or an 1CD and subssquently develop worsening HF decplte OMT
and wha have a high propartion of RY pacing may be considered for upgrade to CRT. This does not 2pply to patients with stable HE

CRT ks contra-ndicated in patients with a QRS duration < 30 msec.

AF = aral fibrilksinrg AV = arinvenricubr (AT = cndiac regynchronizesion therapy; HF = beant Gillre; HFFEF = heart Gilure with reduced geation faaiorg D =
rrplantable mrdinverter- defibrilifan L3R = bef burdle branchbbocks IVEF = keft ventrioular egecton fracsong BYHA = B e Vork Heart Associsorg 0T = optirn al m edical
therapys RS = O} B and & waves jcombirason of three of the graphial deflesinre) Y = right wertrioalr

e of mescormin ened aginin

Mlewed of ewderoe

“Fueferenoe]s] supporing recom mendainre

WUse judgernent for patients with end-stage HF whio might be rarcged corsercsively rather fan with tresm etz to D rose Symptons oF proghoss




Septal Flash-Apical Rocking

QRS > 120ms
LVEF < 35%

NYHA II-IV




Septal flash improved predictive value of clinical and

echocardiographic scores




Prediction of secondary MR
Improvement

Multivanate prvdi(tnrs of MR improvement




CRT implantation rate in Europe

CRT CRT 2011

Units per million inhabitants Units per million inhabitants

si—= 2013: ~30 new CRT impl/108inhabitants

2013 ESCGuidelines on cardiac pacing and cardiac resynchronization therapy: Addenda
Brignole et al www.escardio.org/guidelines
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Up to 1/3 of pts do not experience the
full benefits of CRT
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Clinical factors influencing the likelihood
to respond to CRT

Magnitude of benefit from CRT

Highest Wider QRS, left bundle branch block, females,
(responders) non-ischaemic cardiomyopathy

Males, ischaemic cardiomyopathy

Lowest Narrower QRS, non-left bundle branch block
(non-responders)




Response to CRT




Speckle tracking

A time difference = 130 ms between the radial strain peak of LV

posterior wall and anterior septum has shown to be highly predictive of
an imoroved EF
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The TARGET Study: A Randomized, Controlled Trial.
Echo guided LV lead placement offers additional benefits

L OCAL: Radial Strain (% )=-1588 T=501 msee |
7AU. ------------------------------------------------------------------------------------
] AV(
AS-P delay
i 280ms _ i
38.0 A ————
19.0
. 1
N S\ =< ge" .
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Echocardiographic speckle-tracking 2-D radial
strain imaging

220 pts randomized 1:1 to Echo guided vs standard LV
lead CRT implantation

Segments with radial strain amplitude 10% were
regarded as nonviable (scar)

The LV pacing lead was placed in the most delayed
segment in 63% of pts in TARGET Group vs 47% in
control group.

Compared with standard CRT treatment, the use of
speckle-tracking echocardiography to the target LV lead
placement yields significantly improved response and
clinical status and lower rates of combined death and
heart failure—related hospitalization

Khan F et al. J Am Coll Cardiol 2012;59:1509-1518



The TARGET Study: A Randomized, Controlled Trial.
Echo guided LV lead placement offers additional benefits

LVEDV at Baseline and Follow up Ml Martality follosing CRT in th
in the Target and Control Groups i#;;.;a ,,,’f,"c?m,,gl“gmp,'“ " All Cause {Zgglg::iz?‘rding to LV

] TARGET El CONTROL
— Concordant — Adjacent
= TARGET — Gontral log rark p=0.30

p=0.9613 p=0.0102

LVEDV (ml)
Percent All Cause Mortality

—

log rank p=0.0020

Parcent All Cause Norta ity

Baseline Follow Up 400 620

Days

LVESV at Baseline and Follow up

in the Target and Control Groups 111 71 20
s iz 12

Ha. At sk 26 1s -
[ TARGET Hl CONTROL TaRGLT ’ 5

CNTROL | 7 Combined Endpoint of Death and Heart
p=0.3724 p=0.0081 Failure Related Hospitalization
CGombined Endpoint of Death and According to LV Lead Position

Heart Failure Related Hosphalisation
betwean the TARGET and Control = Concordant ~— Adacent
Groups

—— Remote

LVESV (ml)

= TARGET — Contrel @ TARk p=l

Baseline Follow Up

LVEF at Baseline and Follow up
in the Target and Control Groups

Parcent Cambinod Endpont

log rank p<0.0001

[ TARGET El CONTROL 400 620

p=0.4115 p=0.0315 Days

Parcend Combined Endpoind

No. At Risk

Concordant 124 109 69
Adjacent 53 as 31
Remote 29 25 13

Mo, At Risk Kaplan-Meier Curves Comparing

. ~ ey
THRGET 10 Groups According to LV Lead Position
CONTROL 110

LVEF (ml)

The greatest benefit is demonstrated in pts with a
concordant LV lead at sites free of scar

Figure Kaplan-Meier Curves
4 Comparing Both Randomized Groups

Baseline Follow Up

Comparison of LV Volumes and Function at
Baseline and 6-Month Follow-up Between Both Groups

Khan F et al. J Am Coll Cardiol 2012;59:1509-1518




Original Article

Echocardiography-Guided Left Ventricular Lead Placement
STARTER STUDY [for Cardiac Resynchronization Therapy

Results of the Speckle Tracking Assisted Resynchronization Therapy

110 were randomized to EG and 77 to routine strategies.

Evan Adelstein, MD; Pamela White, EN; Olusegun A. Oyenuga, MD; Tetsuari Onishi, MD:;
Prem Soman, MD: John Goresan 111, MD

LV lead placement was attempted at the site of latest time to peak radial
strain by speckle tracking echocardiography.

a prospective, double-blind, randomized controlled trial testing the hypothesis that an incremental benefit to cardiac
resynchronization therapy would be gained by echo-guided (EG) transvenous LV lead placement versus a routine
fAuoroscopic approach. EG IV lead placement was attempted at the site of latest time to peak radial strain by speckle
iracking echocardiography. The prespecified primary end point was first HF hospitalization or death. OfF 187 New York
Heart Association class 11 to [V patients with HF (62% ischemic; ejection fraction 262269 QRS 159427 ms). 110 were
randomized to EG and 77 to routing strategies. Primary events included 30 deaths and 37 HF hospitalizations over 1.8
years. [sing intention-to-treat, patients randomized to an EG strategy had a significantly more favorable event-free
survival (hazard ratio, 0.48; 25% confidence interval, 0.28-0.82; P=0.006). Exaci or adjacent concordance of LV lead
with latest site could be achieved in 85% of the EG group and occurred fortuitously in 6% of controls (P=0.010) and was
associated with an improvement in event-free survival (hazard ratio, 0.40; 95% confidence intarval, 0.22-0.71; P=0.002).

Conclusions—A strategy of EG LV lead placement for cardiac resynchronization therapy improved patient oulcomes by
reducing the combined risk of death or HF hospitalizations and has implications for delivery of cardiac resynchronization
therapy.

Clinical Trial Registration—URL: httpi/www.clinicaltrials.gov, Unique identifier: NCTOD1536330.  (Cire Heart Fail.
2013:6:427-434.)
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Left Ventricular Lead Location by Fluoroscopy and
Relationship to Site of Latest Mechanical Activation

Echocardiographic-  Routine Control
Guided CRT (n=96) CRT (n=69) PValue
Distribution of LV lead location
LAO projection 0.867
Anterolateral 17% 15%
Lateral 40% 46%
Posterolateral 36% 30%
Posterior 7% 9%
RAO projection
Basal 39% 17%
Mid-ventricular 39% 43%
Apical 23% 33%
Relationship of LV lead location to site of latest mechanical activation
Exact concordance 30% 12% 0.011
Concordant or adjacent g5% € 66% € 0.010

Remote 15% 33% 0.010




Speckle tracking:
Classical LBBB longitudinal strain

| Early \t‘}‘hll contracuon

with free wall stretch
fl‘“l"\\('\i l‘O‘. \';l'l.!\l‘\i iree

wall contraction

2. Early septal peak

shortening (within the

- ]
frst /0% of the ejection

pimw'

3. Lateral wall ;‘\’.\S
shortening after aortic

vaive closure




Speckle tracking:
Classical LBBB longitudinal strain




3D Echocardiography

Simultaneous calculation of
global and regional LV
volumetric changes

[emporal differences of LV
segmental volumetric
differences

3D assessment feasible in 949
of patients




3D Echocardiography
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3D Speckle Tracking

Area strain dvssvnchronv index (ASDI)

average difference between peak and

end-systolic area strain from 16 segments
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Malin echo techniques,parameters and values for
detection of Interventricular dyssynchrony and
prediction of LV reverse remodeling

Technique: Parameter Authors Cut-off point

M-mode SPWMD Piczalis et al, | Am Coll Cardiol
2002
M-mode and PW Doppler LWPSD Sassone et al, Am | Cardiol 2007
PW Tissue Doppler Diff, of T, between LV segments  Bax J) et al, | Am Coll Cardiol 2004
VI 1,50 Yu et al, Am | Cardiol 2003
TSI T,-SD Yuetal, | Am Coll Cardiol 2005 > 344 ms
SRI TPS-SD Mele et al, Eur Heart ) 2006 > 60 ms
SR ExcT Porciani MC et al, Eur Heart | > 760 ms
2006
2D radial strain Time diff. in peak septal wall-to-  Suffoletto et al, Circulation 2006 > 130 ms
posterior wall strain

3D echo Triplane T,-SD Van der Veire NR et al, Am | >358%
Cardiol 2007




MRI Dyssynchrony

Quantification of mechanical ventricular dyssynchrony: direct
comparison of velocity-encodedand cine magnetic resonance
imaging.

Rofo,201 1 Jun;183(6):554-60. Epub 201 | Apr |2

VEMNC-MRI and cine-MRI were performed in 20 patients with heart failure NYHA
class lll and reduced ejection fraction before CRT device implantation.

The interventricular mechanical delay (IVMD) was assessed by VENC-MRI as the
temporal difference between the onset of aortic and pulmonary flow,

Intraventricular dyssynchrony was quantified by cine-MRI, using the standard
deviation of time to maximal wall thickening in sixteen left ventricular segments

(SDt-16).

RESULTS
I 4 patients (70 %) clinically responded to CRT. A similar accuracy was found to
predict the response to CRT by measurements of the IVMD and 5Dt-16

ALSO data analysis of the IVMD is significantly less time-consuming compared to
data analysis of the SDt-16




YVOUTTEPUCUOTO

[ va emavEncove TNV ATOKPIGT) GTNV AUPTKOIALOKT Bn LLOITOO0O0TN O
TPETEL VO, KOVOLLE KOAT ETAOYT aGOEVOV ,TOV GNUEPO OTTMOC POVNKE
ue tnv oty povikn eEeMén tov guidelines propovue kakdtepa vo thnv
KOVOLULE

[1oo¢ 1O TTAPOV N emAoyn acbevov Yo Ogpomeion SVGVYYPOVIGHOD
Baocel vTepNYOYPOPNUATOS OEV EIvOL TEKUNPLOUEVT).

Xtoryeio amd LEAETEC KAOIGTOVV LITEPTYOYPAPIKES TAPAUETPOVS TTPO
Ko petd ) CRT aveEaptntoug TpoyvmoTikovg TapidyOVIES EMITLYIOG
¢ Oepanelog.

H mio onuovtikn cuviet®ca £ival 0 EVOOKOTAIOKOS OVGVYYPOVIGUOG-
0G0 TILO UEYAAOC TOGO O UeYAAN 1| TOAVOTNTA Y10 AVAGTPOPT
AVOOLLULOPPMOOT).

Nemtepeg teyvikég Ommg To speckle tracking kain 3D
VITEPTYOKOAPOLOYPAPIO VTOGYOVTOL TOALO GTNV EMAOYT TOV 0cOEVDOV

mov Ba avtamokplfovv T UEYICTO LETO TOV ETOAVACVYYPOVIGUO Ko
otV uetwon twv non-Responders(30%).
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