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New ESC Guidelines for Cardiac Pacing and Cardiac
Resynchronisation Therapy
EHJ 28/8/2007, Europace 2007

optimal pharmacological treatment wit

| ventricular dilatation*)

option for patients who have expectancy of survival
with a good functional status for more than 1 year, Class | - Level of evidence B.

eft ventricular dilatation/Lifferent critena have been used to define LV dilatation in controlled studies on CRI: LV end
diastolic diameter > 55 mm; LV end diastolic diameter > 30 mm/m?, LV end diastolic diameter > 30 mm/m [height).

Many echocardiographic criteria evaluating inter- and intra-ventricular dyssynchrony have
been proposed.

At the present time, there is no consensus about which echocardiographic parameters
may best determine baseline dyssynchrony and which of these can predict response to
CRT.

-The majority of studies on the evaluation of inter- or intra-ventricular delay was not
randomized and enrolled limited patient populations with short follow-up



ACC/AHA/HRS 2008 Guidelines for Device-Based

Therapy of Cardiac Rhythm Abnormalities
JACC 2008

0 Meta-analyses of initial clinical experiences and
then larger subsequent trials confirmed

d approximately 30% decrease in hospitalizations
and,

0 more recently, a mortality benefit of 24% to 36%

Control CRT alone

Effects of CRT on overall
mortality and mode of death:
a meta-analysis of
randomized controlled trials
Rivero Ayersa et al EHJ 2006 W HF H scD [] Other

Figure 5 Relative contribution of each mode of death to overall mortality in
patients treated with of CRT alone vs. control.




Cardiac Resynchronization Therapy for Patients With Left
Ventricular Systolic Dysfunction .A Systematic Review

Table 1. Response Rates Reported in Observational Studies: CRT Alone or Combined CRT-1CD Devices

Follow-up, Sample

Proportion of

Independent
Predictors of

Functional definticn of response
CHT alohe

Mcallister et al

JAMA 2007

Source mo Size Definition of Responder Responders, % Positive Response
Bl=eker =t al, ™ 2005 170 Improved =1 MY HA class 78 Analysis by age
=70 ws =70 vears®
Chan et al,*" 2003 3 53 E-min wwalk test increased 10% 87 Mot performed
Lecoq et al,™ 2005 [=] 139 Alive, no CHF hospitalizations, improved 72 A QRS (step of 20
=1 MNYHA class or =10% increase Woarman milliseconds)
aduring S-min walk test
Lercm et al,™ 2005 [=] 36 Improved NYHA class 71 Mot performed
Maolhosk et al®® 2005 [=] 74 Irmiprowed MY HA class e8 Analysis by stiology™
Seawhnay et al, 1% 2004 3 40 Improved =1 MNYHA class [=<] Acute response to CRT
oy acrtic Doppler WTI
Stéhlleng et al, 112 2005 =) 35 Alve, no CHF hospitalizations, improved [=15) Mot performed
=1 NYHA class ancfor 10%% increass
in E-min walk test distarce
Combined CRT-ICD
Alonso et al,*® 1999 26 Alive, Improved =1 NYHA class, 10% V3 Mot performed
iNcrease in peak Wosmax
Bax et al,* 2004 85 Improved =1 NYHA class, improved S-min 74 Basdine LW
walk test =259% dysymnichirormy of =85
miliseconds
Diez-Infants et al >3 2005 (=] 143 Alve, no heart transplant, 10% increase a0 Etiologny, mitral
N B-min wallk test regurgitation,
LVEDD =75 mim
Hermandez st al,®* 2004 [=] 28 Improved S-min walk test =10%: Ta EMP lewvel, eticlogy,
baseline MYHA
Klae et al ®® 2005 (=] ar Improved =1 NYHA class T Analysis by diabetes
mellitus ws no
diabetes mellitus™®
Maolhosk et al®** 2004 [=] [=19] Improved =1 NYHA class 7 Mot performed
Molhosk et al®® 2004 [=] 117 Improved =1 NYHA class i MNYHA class 3 vs 4
Maolhosk st al 85 2004 (=] &1 Improved =1 NYHA class T Analhysis by
baseline QRS*
Reuter et al, 1?9 2002 12 102 Improved MYHA class associated with a8z Eticlogy, cardiacs output
improved quality of life score
Echocardicgraphic definition of response
CHT alone
Barc st al,*= 2003 [=] 25 Absolute Increase in LVEF =5% [=2] Septal to lateral delay
Penicka et al, 2004 & 49  Reative increass In LVEF =25% 55 Tissue doppler Imaging
derived indices
of asynchrory
u et al, == 2002 2-6 144 Reduction in LW end-systolic volume =105 a2 MNaore
Multiple cefinitions of response
L o ~
Mascioll et al 5 2002 [=2] Improved =1 MNYHA class, LVEF Increased [==] Analysis perfommead
by =10% bt none found
Yu et al,® 2004 30 Reduction in LY end-systolic volume =159 57 Systolic dysynchromny by
tissue doppler
Irmaging
Comibined CRT-ICD
MNotakartclo et al, " 2004 = 49 Clinlcal: ary 2 of (1) improved =1 NYHA class, V& (clinical) PVD predicted
(2) =50 m increase In &-min walk test, achocardicaraphic
or (3) decrease in quality of life rEesponse,; no
score = 15 points significant predictors
Echocardiographic: recuction in LW 59 (echao) of clinizal responssa

end-systolic volume =15%

O During a median 11-month follow-up, 6.6% (95% CI, 5.6%-7.4%) of CRT devices

exhibited lead problems and 5% (95% CI, 4%-7% ) malfunctioned.



Echocardiography for CRT Selection

Fatally Flawed or Misjudged?
Johin E. Sanderson, MD JACC 2009

0 Therefore, possibly there are 5 million people with heart
failure and LBBB in Europe.

Q Of these potential 5 million candidates for CRT (i.e., that
have heart failure and LBBB) in Europe, 30% may well
turn out to be nonresponders, which is about 1.5 million
people.

O At a conservative estimate of €5,000 per device, this
equals €7.5 billion, which could be a complete waste of
money.

Q In addition, these 1.5 million nonresponders would have
a risk of death at timme of implantation of 0.5%, which of
1.5 million nonresponders approximates to 22,500
people.

Q It is possible, therefore, 22,500 people in Europe could
die at the time of implantation during a procedure that
would have given them no possible clinical benefit in
terms of symptoms or functional improvement.




Elements of Cardiac Dyssynchrony

Atrio-ventricular Asynchrony

Atrio-
ventricular

=\

i

Inter Ventricular Asynchrony if Diff. Ao Pulm Delay > 40 ms

Max EMD - Min EMD
or
Max ESD - Min ESD

Asynchrony
Moderate if A > 40 msec
Severe if A> 65 msec




Main ultrasound techniques, parameters and
reference values for detection of intra-ventricular
dyssynchrony and prediction of LV reverse

$

Technique Parameter Authors Cut-off point
M-mode SPWMD Pitzalis et al, > |30 ms
I Am Coll Cardiol 2002
M-mode and PW Doppler LWPSD Sassone et al, |
Am J Cardiol 2007
PW Tissue Doppler Diftf. of T, between LV Bax JI et al, = 63 ms
segments J Am Coll Cardicl 2004
TWI1 T:-5D Yu et al, = 32.6 ms
Am J Cardiol 2003
Ts1 T.-5D Yuetal = 344 ms
J Am Coll Cardicl 2005
S5RI1 TP5-5D Mele et al. = 6l ms
Eur Heart J 2006
S5RI1 ExcT Porciam MC et al, = 760 ms
Eur Heart J 2006
2D radial strain Time diff. in peak septal Suffoletto et al, = 130 ms
wall-to-posterior wall strain Circulation 2006
iDecho Triplane T,-5D Van der Veire NR et al, 35.8 1
Am J Cardiol 2007




Echocardiographic Studies on Prediction of Response to CRT

segments

Table Il
' Echocardiographic Studies on Prediction of Response to CRT
Follow-up Definition Cut-Off Sens Spec
Author Nr pts. (month) Measurement Description Technique of Response Value (%) (%)
Pitzalis et al 2" 20 1 SPWMD Septal-to-posterior wall  M-mode } = 15% LVESY =130 ms 100 63
motion delay
Pitzalis et al.12" 60 6 SPWMD Septal-to-posterior wall  M-mode t+ = 5% LVEF =130 ms 92 78
motion delay
Marcus et al 22 79 6 SPWMD Septal-to-posterior wall  M-mode } = 15% LVESV =130ms 24 66
motion delay
Bleeker et al.23 98 6 SPWMD Septal-to-posterior wall  M-mode } = 10% LVESY =130 ms G5 43
motion delay =148ms &5 55
Septal-to-lateral Delay in Ts between Color-coded TDI =65 ms 90 82
delay basal septal and
lateral wall
Diaz-Infante et al.’#2 67 G SPWMD Septal-to-posterior wall  M-mode } = 15% LVESY =130 ms &0 38
motion delay
Achilli et al 28 133 B VMD Interventricular Doppler t = 5% LVEF =44 ms 66 55
mechanical delay
Penicka et al.'? 449 G Sum asynchrony Delay in Ts of three Pulsed-wave TDI t+ = 25% LVEF =102ms 96 77
basal LV (septal,
lateral, posterior) and
basal RV segment
Yu et al.?? 30 3 Ts-SD SDof Tsof 12 LV Color-coded TDI } = 15% LVESY =326ms 100 100
segmenis
Bax et al.30 25 Acute Septal-to-lateral Delay in Ts between the Color-coded TDI t = 5% LVEF =60 ms 76 78
delay basal septal and
lateral wall
Bax et al. ¥ 85 12 Septal-to-lateral Delay in Ts between the Color-coded TDI } = 15% LVESY =65 ms 92 92
delay basal septal, lateral,
inferior, and anterior
wall
Notabartolo et al. 37 449 3 PVD Peak velocity difference; Color-coded TDI } = 15% LVESY =110ms 97 55
Max delay in Ts of 6
basal LV segments
Yu et al 3® 54 3 Ts-5D SDof Tsof 12 1LV Color-coded TDI } = 15% LVESY =314ms 96 78




Echocardiographic Studies on Prediction of Response to CRT

Follow-up Definition Cut-Off Sens Spec
Author Nr pts. (month) Measurement Description Technique of Response Value (%) (%)
Yu etal ¥ 55 3 sD-12 SDof Tsof 12V Color-coded TDI } = 19% LVESY =314ms 96 78
segments
Diff-12 Max delay in Ts of 12 =985ms 90 Fi:)
LV segments
Knebel et al ¥ 38 G Max delay Max delay in Ts of six ~ Color-coded TDI } =15% WVESV+ 1+ =105ms 64 80
basal opposing walls =5% LVEF
Yu et al %€ 256 6E+3 Ts-SD SDof Tsof 12 LV Color-coded TDI | = 15% LVESY =33ms 93 78
segments
Ts-diff Max delay in Ts of 12 =100ms 92 68
LV segments
TS-0OW Max delay in Ts of =590 ms a1 80
opposing walls of 12
LV segments
Ts-sept-lat Delay in Ts between =60ms 70 78
basal septal and
lateral wall
van de Veire et al.123 45 Acute Ts-3D-6 SD of Ts of six basal Triplane TDI | = 15% LVESY =365 ms 91 81
segments
Ts-SD-12 SDof Tsof 12 LV =358ms 91 85
segments
Max delay-6 Max delay in Ts of six =895ms T4 81
basal segments
Max delay-12 Max delay in Ts of 12 =95 ms 74 81
LV segments
Septal-o-lateral  Delay in Ts between Color-coded TDI =65ms &7 a1
delay basal septal and
lateral wall
Van de Veire et al ® G0 G Ts-5D-12 SDof Tsof 12 LV Triplane TDI } = 15% LVESY =33ms 90 a3
segments
Gorcsan et al. 124 29 Acute  (Antero)septal-to- Max delay in Ts TSI t = 15% stroke =65ms 87 100
posterior between volume
delay (antero)septal and
posterior wall

T —————————————



Usefulness of tissue Doppler velocity and strain

dyssynchrony for predicting LV reverse remodeling
response after CRT.

Table 1 The cutoff values, sensitivities and specificities of various parameters of systolic dyssynchrony for predicting left ventricular
reverse remodeling after cardiac resynchronization therapy

All patients QRS 120-150 ms QRS =150ms Ischemic Nonischemic
Cutoff Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Parameters (ms) (%) (%b) (%0) (%) (%) (%) (%) (%) (%) (%)
Standard deviation 33 93 73 96 79 94 67 92 74 97 77
of Ts from
12 LV segments
Maximal difference 100 92 68 96 76 90 59 92 71 94 68
in Ts from
12 LV segments
Septal-to-lateral 60 70 76 63 86 73 71 66 74 75 78
delay in Ts
QRS duration 145 81 36 NA NA NA NA 77 37 85 36

Yu et al Am J Cardiol 2007



Results of the Predictors of Response to CRT
(PROSPECT) Trial
Eugene 5. Chung, MD: Angel B, Leon, MD; Luigi Tavazz, MD: Jing-Fing Sun, MDD

Petros Mihoyannopoulos, MDD John Medine, MD: William T, Abraham, MDD, Stefano Ghio, MD;
Christophe Leclercq, MD; Jeroen T Bax MO Chenk-Ran ¥, MDD, FRCF; John Goresan 1T BATS,

— Mlartin 5t John Sutton, FRCP; Johan De Sutter, MD. PhD;, Jaime Burillo, MDD -

PROSPECT Study
Predictors of Response to CRT

Stefano Ghio, Pavia, Italy
Eugene 5. Chung, Cincinnati, US
Angel R. Leon, Atlanta, US
Luigi Tavazzi, Pavia, Italy
Jing Ping Sun, Atlanta, US
Petros Nihoyannopoulos, London, UK
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Source of Funding
Medtronic Inc provided funding for this study and manufactured the
CRT system used in this research.
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Sutton, Tavazzi, and Yu have served as consultants to and received
research grants from Medtronic. Drs De Sutter, Ghio, Leclercq,
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PROSPECT Study
Clinical and Echocardiographic Response at 6 Months

Patient characteristics and the magnitude of response to CRT
is representative for previous RCTs

Clinical response Echocardiographic Response
100

Improved  Unchanged \Worsened Improved Unchanged Worsened

Overall CCS improved rate is Qverall LVESY improved rate is
75.6% in non-ischemic 63.0% in non-ischemic
63.7% in ischemic patients (p=0.01) 50.3% in ischemic patients (p=0.03)

3

T data obtained with_the Siemens machines were gx-
cluded from analvsis because of suboptimal data guality as
determined by the core laboratories.

Circ 2008




Results of the predictors of response to CRT
(PROSPECT) trial.

PROSPECT Study Table 3. Interobserver and Intraoperator Varlability Summary

Predictive Value of Echo Dyssynchrony Measures

Echocardiographic Intraobserver  Interobserver  Interobserver

e prsence o sl D meosus o o L% OL%  coofent
Clinical Composite Score LVESV LVESV 38 14.5 MA
| Beserr mouoncreane Wi 37 65 087
- SPWMD 24.3 2.1 (.35
T5-50 11.4 a4 0.15
Ts-peak (basal) 15.8 a1.9 (.25

LPEIl indicates left ventricular preejection interval.
SPWMD WD LVFTRR LPEI Tsitsep ' SPWMD NMD LVFIRR LPEI  Tsatsep *Based on binary predictor variable that indicates if echocardiographic

*sign. higher level of response among those meeting the cut-off (p<0.05) meastre iS at":ll'lre or DE |DW “]E Gut':lﬁ.

We observed relatively low vield and high variability for
the TDI measures. Specifically, the percent of individual
parameters deemed interpretable by the core laboratories
ranged between 61% and 95% for the routine non-TDI
methods and between 37% and 82% for TDI-based tests.




Results of the predictors of response to CRT
(PROSPECT) trial.

Table 5. Sensltivity, Specificity, and Area Under the Curve for Primary End Points

Ccs LVESV
Evaluable
Echocardiogra- — Dyssynchrony  Echocardiograms, P fiar P for
phy Type Measure (yield) % Sensitivity, % Specificity, % AUC  AUC Sensitivity, % Specificity, % AUC  ALC
M mode SPWMD nr b5.4 (48.3-62.3) 50.0(391-609) 054 027 636548718 521 (41.6-624) 062 0.003
Pulsed Doppler VMD 024 h5.2 (48.9-61.4) 564 (46.9-656) 058 0013 597 (51.5-67.6) 541 (4468-63.2) 050 0.009
LVFT/RR B5.3 36.3(30.2-427) 766 (6758430 057 0032 MN.0(329-405 741 (650-81.9 060 0.007

LPEI 04.6 66.3 (60.2-72.00 471 (38.0-56.4) 060 0000 72.0(64.3-78.8) 424(336-51.6 050 0014
M mode+ LLWC 60.7 6.3(3.2-11.00  91.7(@827-969 052 063 85(47-16.8) 920(853-974) 050 098
Doppler
TOI, published Ts (Lat-Sep) 6.8 42.4 (34.4-507) 56.9(447-686) 050 085 526(421-63.0) 69.2(57.6-79.2) 061 0012

Ts-5D 50.0 74.1(65.2-81.8) 35.3(22.449.9) 060 0034 775(66.0-86.5) 3060196437 055 0.35

PVD B1.4 67.6(60.3-74.3 37.8(27.8486) 051 089 67.8(58.6-76.1) 344250448 055 030
TOI+5RI OLC B1.1 417 (34.4-49.2) 604 (496705 051 075 436(344-531) 50.404808-693 05 075
TOI, median Ts-peak 374 548 (43.5-657) 561 (397715 056 032 580(43.2-71.8) 54.5(38.8-69.6 057 025
value used as  displacement
cutoff Ts-peak B2.0 51.9(44.4-50.3 538 (431-644) 055 049 521(428-61.3) 5L.7(452-658) 057 010

basal

Ts-onset B2.0 541 (46.6-61.5) 604 (49.6-705) 058 0047 529(436-622) 51.5(41.2-61.8) 048 053
basal

See Table 1 for descriptions and definitions. Sensitivity and specificity are derived from the cutoff values in Table 3. The values in parentheses are exact binomial
95% Cls. This table uses receiver-operating characteristics curve analysis to investigate whether changing the cutoff value (as given in Table 3) could give a better
pradiction of improvement on the CCS or reduction in LVESV. If the probability value for the area under the curve (AUC) (Hy: AUC=0.5) is considerably smaller than

the Fisher exact probability value in Table 3, then it is likely that a better cutoff value can be found.



Critical appraisal of methods to assess mechanical dyssynchrony
Cheuk-Man Yu?, Jeroen J. Bax® and John Gorcsan ll1°

The PROSPECT study

assessment and echocardiographic issues. For studv site
selection, the vendor chose sites based on experience of
device implantation rather than considering the ability to

Published multicenter study: controversies
rather than conclusion

echocardiographic core laboratories to pertorm robust
analysis of LV volume and dvyssynchrony were not ascer-
tained when they were being selected, and interestingly
one core-laboratory was actually supervised by a none-

perform dyssynchrony assessment and 'T'DI in parallel.

chocardiographic physician. T'he variability test in PRO-

Intriguingly, the study was commenced in 2003, when
only a few institutions 1n the world pertormed dyssyn-
chrony assessment as single-studies. Despite limited

experience, the study sites were only provided with very

basic rraining for the complex echocardiographic assess-
ment of 15 dyssynchrony parameters. Similarly to the

bility of 5-10% [3,13%,20]. Eurthermore, the suboptimal

* e

¥ *

study resulted in a large drop-out rate in offline analysis.
For example, LV end-systolic volume for determination

of reverse remodeling was analyzable in only 286 out of

426 patients (67%) whereas 'I's-SD by 'T'DI was only
analvzable in 167 (39%) patents! Lastly, quality assur-

1 Tkl b

SPECT study is misleading as it was not a predefined
analysis, but was conducted retrospectively after all the
offline analysis had been completed. T'herefore, potential
problems ot core laboratories with respect to dyssvn-
chrony measurement were unable to be identified and
addressed beftore otfline analysis of echocardiographic
images was commenced. These factors, together wich

. T : : of
multiple vendors 1ncapable of collecting high-quality
color-coded T'DI images, would have contributed to
the high variability of dyssynchrony parameters. '|'his

Current Opinion in Cardiology 2008,
24:18-28



Characteristics of heart failure patients
associated with good and poor response to
cardiac resynchronization therapy: a PROSPECT
(Predictors of Response to CRT) sub-analysis

Rutger J. van Bommell, Jeroen J. Bax®*,
Luis A. Pires?, Luigi Tavazzi®, Peter J. Zimetbaum?®, Bart Gerritse?,

WWilliam T. Abraham?, Eugene S. Chung?3,

{ Nina Kristiansen?7, and Stefano Ghio? .
European Heart Journal Advance Access published August 30, 2009
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Figure 2 Differences in clinical (A—D) and echocardiographic (E—F) baseline characteristics between left ventricular end-systolic volume
super-responders (SUPER) and negative responders (NEG). (D—F) mean and 1 standard deviation. IVMD, inter-ventricular mechanical
delay; NYHA, New York Heart Association; Ts, time to peak systolic velocity; VT, ventricular tachycardia.

A
Negative responders

Non-responders

B

Super-responders /- Responders

+/+ Responders.

Responders  +/— Responders

Figure | Percentage of responders, according to the extent of reduction in left ventricular end-systolic volume (A) and the combination of

clinical response and a reduction in left ventricular end-systolic volume >15% (B).



Echocardiography and Noninvasive Imaging in Cardiac Resynchronization
Therapy: Results of the PROSPECT Study in Perspective

Heart failure patients - eligible for CRT
LVEF =35%, NYHA lll -V, QRS =120

¢

likelihood of CRT response?

O Bax - Dyssynchrony + -
Gorscan - Scar tissue in LV lead - +
JACC 2009 - Extensive scar (>50% of LV) - +

- LV lead mismatch - +

{(vs site of latest mechanical activation)

HIGH LOW

Integrated Information on Dyssynchrony,
(ST IU  Scar, and Region of Latest Mechanical
Activation May Improve Response to CRT

Various factors for prediction of response to cardiac resynchronization therapy
(CRT) are important, including left ventricular (LV) dyssynchrony, scar tissue in
the region where the LV pacing lead is positioned, the total extent of scar in
the LV, and whether the LV lead is positioned in the site of latest mechanical
activation. Based on these factors, one can distinguish patients with a low and
high likelihood of response to CRT. LVEF = left ventricular ejection fraction;
NYHA = Mew York Heart Association.




Relative Merits of M-Mode Echocardiography and TDI for
Prediction of Response to CRT in Patients With HF Secondary to

Ischemic or Idiopathic Dilated Cardiomyopathy
(Bleeker et al Am J Card 2007)

S-L Delay
=65ms

S-L Delay
<65ms

SPWMD >130 ms

29 (50%)

7 (12%)

SPWMD <130ms

12 (21%)

10 (17%)

1.o% 4 Specificity

80% 4

R0 o

20% 4 :
148 ms
: Sensitivity

0%

0 100 z00 300 400
SPWMD (ms)

Sensitivity, specificity, positive, and negative predictive values of septal-
to-lateral delay =65 ms and septal-to-posterior wall motion delay =130
ms for prediction of response to cardiac resynchronization therapy

Septal-to-Lateral SPWMD =130 ms
Delay =65 ms

Sensitivity 0% 665
Specificity B2% S0
Positive predictive value 04% B1%

MNegative predictive value T2% 32%



Spectral PW- TDI for LV Dyssyncrony

msec

cmisec

Time to peak
- sm

i

JASE 2008 Time to onselfb

d The velocity profiles were recorded with a sample volume placed in the
middle of the basal segment of each wall

d Intra-ventricular mechanical delay has been defined for differences of >
65 ms of time to Sm peak between LV segments




Spectral PW- TDI for LV Dyssyncrony

ODOo0 0

Excellent temporal resolution
Limitation
Not the same cycle

An initial positive deflection of the
Sm velocity that occurs during the
QRS reflects the ICT.

inability to align the Doppler cursor
parallel to the LV segment

There may be no clearly defined
peak Sm and, therefore, the Q wave
to onset of Sm velocity can be used

Thin or infarcted myocardial
segments may also potentially
impact the accuracy of the time to
onset or time to peak Sm.

Although DTI-derived Sm velocities
can be obtained at the LV base in
nearlg all patients, it may not be
possible in the mid-LV segments.

It also remains to be established
how many LV segments should be
analyzed for determining the extent
of LV dyssynchrony.

Furthermore, the DTI Sm velocities
recorded in apical views reflect
longitudinal shortening and do not
reflect circumferential LV
contraction.



ASE EXPERT CONSENSUS STATEMENT
olor = Lode

Echocardiography for Cardiac Resynchronization

Therapy: Recommendations for Performance and TDI - RT
Reporting—A Report from the American Society of ln
Echocardiography Dyssynchrony Writing Group
Endorsed by the Heart Rhythm Society

————OLL
oo R 1. _Step |: Determine the timing of LV ejection, usually from the

beginning to the end of pulsed Doppler flow of the LV outflow tract.
The details vary according to ultrasound system used, but timing
usually is performed using the ECG as a time marker. The timing of
beginning ejection to end ejection is then superimposed as the
gjection interval on the subsequent time-velocity curve analysis.
Step 2: Size and place regions of interest (a minimum of 5 X 10
mmto 7 X 15 mm) in the basal and midregion of opposing LV walls
._ (4 regions/view) to determine time-velocity plots,
. SO B P Step 3: If possible, identify components of velocity curve, as a
- — S I M Chcck for physiologic signal quality. These include isovolumic con-
traction velocity (usually <60 milliseconds from the onset of the
QRS), the systolic wave, or S wave, moving toward the transducer

and the early diastolic, or E wave, and late diastolic, or A wave,
moving away from the transducer

JASE 2008

.........

iy
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176:31 HR



ASE EXPERT CONSENSUS STATEMENT

Echocardiography for Cardiac Resynchronization
Therapy: Recommendations for Performance and
Reporting—A Report from the American Society of
Echocardiography Dyssynchrony Writing Group
Endorsed by the Heart Rhythm Society

<
196:324' HR

JASE 2008

Color - Coded
TDI in CRT

—aten 4- Manually adjust the regions of interest wathin the segment
both longitudinally and side-to-side within the LV wall to identify the
siteawvhere the peak velocity during ejection is maost reproducible This
is an important step to search for the most reproducible peak of
greatest height, in particular where there is more than one peak or
signal noise. If fine tuning of the region of interest fails to produce a
single reproducible peak dunng ejection, the earlier peak is chosen if
there are two or more peaks of the same height.

Step 5: Determine time from onset of the QRS complex to the
peak systolic velocity for each region: 4 segments per view, for each
of 3 views, for a total of 12 segments. An alternative is to determine
the difference in the time to peak S wave from opposing walls, as
described in the opposing wall delay method below. This is simply the
time from the 5 wave of one wall to the 5 wave of the opposing wall
on the same cineloops, and does not require measuring the onset
from the QRS.

Step_6: Average the time to peak values in captured beats to
improve reproducibility, because beat-to-beat variability may occur. A
minimum of averaging 3 to 5 beats is recommended, with the
number of averaged beats increased if beat-to-beat vanability is
encountered, excluding sequences with atrial or ventricular prema-
ture complexes. Analysis of TD data in atnal fibrillation is especially
complex and problematic, and no data are currently available to
support dyssynchrony analysis in this scenario.
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Echocardiographic Evaluation of CRT:
Intraventricular dyssynchrony as assessed by Tissue

B L

Normal Dyssynchrony

Difference in septal-lateral time-to-peak TDI, cut-off > 60 ms
Yu et al Am J Card 2002



Echocardiographic Evaluation of CRT:
Intraventricular dyssynchrony as assessed by Tissue

B

Normal Dyssynchrony

sysiola

| tha ehole

Difference in septal-lateral time-to-peak TDI, cut-off = 60 ms
Penicka et al Circ 2004
Bax et al Am J Card 2003
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Echocardiographic Evaluation

of Cardiac Resynchronization

Therapy: Ready for Routine Clinical Use?
A Critical Appraisal

- Jercen J. Bax, MWD, PHID,* Gerarde Ansalone, WD+ Ole A, Breitharde, VI
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Figure 5. (A) The typical tissue Dioppler imaging tracings (peak systolic velocity [FSV], diastolic velocities [E" and A']) obtained in the ssptum of a normal
individual. (B Illustration of assessment of timing from onsst of QRS to peak systolic velocity. (C) Evaluation of intraventricular {dys)synchrony by placing
zample volumes on the saptum (vellow curve) and lateral wall (green corve). Data from a normal individual showing complate intraventricular synchrony.
(I} Severe inraventricular dyssymchrony betwean the ssptum {yellow e} and lateral wall {green curve).
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Selection of patients responding to cardiac
resynchronisation therapy: Implications for

echocardiography
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Tissue sTnchroniscﬂion imaging accurately measures left
ventricular dyssynchrony and predicts response to cardiac

resynchronisation therapy

Nico R Van de Veire, Gabe B Bleeker, Johan De Sutter, Claudia Ypenburg, Eduard R Holman,
Ernst E van der Wal, Martin J Schalij, Jeroen J Bax

Heart 2007;93:1034-1039. doi: 10.1136/hrt.2006.099424
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Patient Selection and Echocardiographic Assessment of Dyssynchrony in Cardiac
Resynchronization Therapy
Lisa J. Anderson. Chinami Miyazaki. George R. Sutherland and Jae K. Oh
Circulation 2008:117:2009-2023




Echocardiographic Algorithm for Cardiac
Resynchronization
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Noninvasive Imaging in Cardiac Resynchronization

Therapy—Part 2: Follow-up and Optimization of Settings
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Practical and conceptual limitations of tissue Doppler imaging to predict
reverse remodelling i cardiac resynchronisation therapy

Bart W.L. De Boeck **, Mathias Meine ?, Geert E. Leenders *, Arco J. Teske 2,
Harry van Wessel ?, J. Hans Kirkels ®, Frits W. Prinzen b
Pieter A. Doevendans ?, Maarten J. Cramer *
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Fig. 1. Sample position within the basal segment can affect the measured TDI-SL. Left panel shows the basal and midbasal position of ROI's as defined in the
study, with the corresponding traces (see text). A biphasic systolic signal with a late peak is seen in the basal lateral wall (top right, cvan curve), resulting in a
[DI-SL of 117 ms. At the midbasal level, the velocity pattern at the lateral wall 1s less biphasic and displays an early peak (bottom right, green curve); a TDI-SL
of =22 ms 1s measured. The patient responded to CRT.

European Journal of Heart Failure 10 (2008) 281 —290
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Tissue Doppler Imaging Is Superior to Strain Rate Imaging and Postsystolic
Shortening on the Prediction of Reverse Remodeling in Both Ischemic and
Nonischemic Heart Failure After Cardiac Resvnchronization Therapy

Yu et al Circ 2004
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A novel tool to assess systolic asynchrony and
identify responders of CRT by TSI

(Yu et al JACC 2005 )
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TSI in CRT
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Van de Veire et al

Am J Card 2007
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TSI & CRT

Cutoff Sensitivity  Specificity
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Real-Time Three-Dimensional Echocardiography
A Novel Technique to Quantify Global Left Ventricular
Mechanical Dyssynchrony
(Kapetanakis et al Circ. 2005)
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LV deformation

(1) Longitudinal deformation: From base to apex.

(2) Radial deformation: Perpendicular to epicardium and to the longitudinal axis.

(3) Circumferential deformation: Perpendicular to radial and longitudinal axes.



Evaluation of Longitudinal and Radial 2D- Strain Imaging Versus

TDI in Predicting Long-term Response to CRT
(Knebel et al JASE 2007)
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Assessment of Left Ventricular Dyssynchrony by
Speckle Tracking Strain lmaging
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Combined Longitudinal and Radial Dyssynchrony
Predicts Ventricular Response After CRT

Gorscan Ill et al Jacc 2007
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Recent advances in CRT: echocardiographic modalities, patient
selection, optimization, non responders—all you need to know
for more efficient CRT
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Dyssynchrony imaging map by 3D speckle tracking. Parametric Imaging (lower left) and polar
map (centre) displaying regional colour coded time delays of displacement of the entire left
ventricle based on 3D speckle tracking, identifying a post systolic shortening (PSS) event
located at inferior septal and inferior wall. End-systolic and end-diastolic volumes, as well as
ejection fraction based on 3D measurements are also presented at the same time. Regional

curves of longitudinal displacement can also be seen



Usefulness of Three-Dimensional Speckle Tracking Strain to
Quantify Dyssynchrony and the Site of Latest
Mechanical Activation

Hidekazu Tanaka, MD, Hideyuki Hara, MD, Samir Saba, MD, and John Goresan III, MD*
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Usefulness of Three-Dimensional Speckle Tracking Strain to
Quantify Dyssynchrony and the Site of Latest
Mechanical Activation

Hidekazu Tanaka, MD, Hideyuki Hara, MD, Samir Saba, MD, and John Goresan III, MD*
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Am J Cardiol 2010
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Left Ventricular Resynchronization Is
Mandatory for Response to CRT

Bleeker et al Circulation . 2007
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Insights From a CRT Optimization Clinic as Part of a
Heart Failure Disease Management Program
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Potential Reasons for Suboptimal Response

AV = atrioventricular; LV = left ventricular; RV = right ventricular.

Suboptimal  Arrhythmia Anemia  Suboptimal < 90% Suboptimal  Persistent Underlying Compliance Primary RV

Issues Dysfunction

Mullens et al JACC 2009
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Figure 4 Clinical Outcomes of “Favorable” Versus “Neutral”
Interventions With or Without AV Optimization
Kaplan-Meier curves for patients desmed to be successfully optimized (“favor-
able” intervention) with /without atrioventricular (AV) optimization versus those
that could not be significantly optimized {“neutral” intervention) after the car-
diac resynchronization therapy optimization clinic.




Optimization of AV and VV- delay

(1) the AVD is programmed before V-V delay
(2) the optimal V-V delay that results in
maximal hemodynamic improvement is likely LV
before RV pacing and at an average interval of
20 to 40 milliseconds;
(3) V-V delays greater than 40 milliseconds are
uncommon regardless of the ventricular pacing
sequence; and
(4) simultaneous BIV pacing may be the best
mode in some patients.
Thus, optimal V-V delay programming of CRT
devices represents another emerging

ication of echocardiography.
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AV optimization
G
Simplified AV Delay Screening
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Satisfactory AV Delay

1. E and A Waves Separated

2. Termination of A after QRS onset or
Mitral Closure Click Aligned With End of A
and QRS Complex.




Exercise stress echocardiography is superior to rest
echocardiography in predicting LV reverse remodelling and
functional improvement after CRT (Rochi et al EHJ 2009)

Table 2 Predictive value of rest and exercise TDI to identify CRT responders

Rest TDI dyssynchrony 95% CI Exercise TDI dyssynchrony 95% CI P-value
Sensitivity 74% (32/43) &0.9-87.1 95% (41/43) 88.5-100 0.01
Specificity 62%{1 3/21) 41.2-827 763 (16/21) 577-94.3 0.51
Paositive PV % (32/40) 67.6—924 89% (41/46) 800-98.0 0.41
Megative PV 54% (13/24) 34.0-74.0 B89% (16/18) 745-100 0.03
Owerall PV 70% (45/64) 58.8-812 B89% (57/64) B813-96.7 0.01

TDI, tissue Doppler imaging CRT, cardiac resynchronization therapy; PV, predictive value.
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Distribution of the latest activated left ventricular
basal segment at rest and during exercise
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Noninvasive Imaging in CRT—Part 2: Follow-up and
Optimization of Settings

C Diastolic filling time
(E-A duration) (r = 0.83)

inflow EA-VTI (r=0.96)

A Checklist immediately after CRT implantation
Chest X-ray: lead position and integrity®

ECG: biventricular morphology?

PM analysis: sensitivity? threshold? Lead
impedance?

TOI echocardiography: resynchronized?

[Dptimlzc—: prugri—lrnn'alinnl _ I NO A

D Ritter's formula (r = 0.35)
AV short + (JAV long + QA long] ~ [AV short + QA shorl])

Ypenburg et al
PACE 2008

1. A-V optimization Review heart failure

madication

-

(lterative technique)

2. W=\ optimization
(LVOT VTI)
3. Check dyssynchrony

Dismiss patient

B Checklist 3 months after CRT implantation
MNYHA functional class 7 Quality of Life ?
- {Subjmaximal exercise capacity ?

- PManalysis: sensitivity? threshold?
Atrialiventrcular arrhythmias? % LV pacing?

- Echeocardiography: LV velumes, EF. MR?

LV pre 60 ms; S-L delay 80 ms

- TDl echecardiography: resynchronized?

Clinical responder 7
improvement in NYHA
functional class by >1
score and improvement
by =25% in & minutes
walking distance

Left ventricular
remodeling 7
at least 15% reduction of
left ventricular end-
systolic wolums

B, |

Optimize programmation
1. A-\ opimization (lterative technique)
2. W=\ optimization (LVOT VTI)
3. Chack dyssynchrony

V-V 0 ms; S-L delay 10 ms
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Echocardiography for CRT Selection:Fatally Misjudged!
G

Q EmBeBANHEVN N avaykn yid owoTh €niAoyn acOevwv nou
0a unoBAnBoUVv o€ Bepaneia kapdiakou
ENAVACUYXPOVIOHOU

Q H unegpnyxokapdioypaia acPaAmc Kal KATEXEI TOV
NPWTEUOVTA POAO OTNV EKTIUNGCN TOU AAAA: AIO
EZIAEIKEYMENOYZE XEIPISTEZ KAI ME SYITKEKPIMENO
NMPRTOKOAAO

QO QoT1000 dev NPENEI va EeXVANE TV TPIodIdoTATN Kivnon
NG kapdiag

Q Zuviuaopoc JEIKTOV TNC ENIPMAKOUC KAl AKTIVIKNC
Kivnong kai cuonaonc Tng kapdiacg paAAov xpeialeral yia
TNV OWOTN €NIAoyn TWV AcOevwV

Q Zrvo pEAAov n €EEAIEN TNC TRICOIACTATNC
ungpnxokapdioypapiag (uwnAoTtepo volume rate,
a&ioAoynon software) kair Tou 3D~ strain iowg gival n
Auon
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