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ICE Guided CRT: Is there Evidence of Reverse Remodeling?
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Abstract

Cardiac resynchronization therapy (CRT) is an accepted treatment for patients with heart failure (HF), impaired left ventricular (LV)
function, and a wide QRS complex. However, more than 30% of eligible patients fail to benefit from CRT. It is clearly necessary to define
the characteristics of the best candidates for this therapy. To this end, surface ECG and echocardiography have been tested. Unfortunately,
however, neither of these examinations has proved sufficiently able to identify the best patients. A tailored approach based on the evaluation
of both electrical and mechanical delay to guide LV lead placement seems to be the most reasonable strategy in order to increase the
efficacy of CRT therapy. The good preliminary data that have been published suggest that using intracardiac echocardiography to define
the mechanical delay could be an interesting option. Moreover, at present it is the only option available that can enable intraprocedural
evaluation of the mechanical activation sequence. Naturally, further randomized studies with larger populations should be performed in
order to ascertain the real benefit of this approach and to evaluate whether it will outweigh the additional cost of this technology.

Introduction

Cardiac resynchronization therapy (CRT) is an accepted treatment
for patients with heart failure (HF), impaired left ventricular (LV)
function, and a wide QRS complex. The paradigm for CRT is
based on the evidence that conduction disturbances, in particular
left bundle branch block (LBBB), lead to LV dysfunction.! In
1983, it was first reported that simultaneous septal and LV free
wall contraction was hemodynamically superior to dyssynchronous
contraction and that the best hemodynamic effect arose from fusion
between intrinsic LBBB conduction and the LV pacing stimulus.?
In accordance with this concept, and on the basis of the benefit
observed in early hemodynamic studies™ and the observation that
delayed segments predominate at these sites, the conventional
approach to resynchronization has involved directing the LV lead to
the lateral and posterior walls.

In the last 20 years, several large randomized multicenter trials
have shown the clinical benefits of CRT therapy on symptoms,
exercise capacity, mortality and HF re-hospitalization.™! In the
CARE HF" and REVERSE® studies, substantial improvements
in LV size and function, LVEF, RV function, LA size and mitral
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regurgitation severity were observed in patients treated with CRT in
comparison with ICD only. These results provide consistent evidence
of a substantial, progressive and sustained reverse remodeling effect

conferred by CRT in the responder population.
The Dark Side: Non-Responder Population

However, more than 30% of eligible patients fail to benefit from
CRT. The reasons for the high percentage of non-responders include
inappropriate candidate selection, device programming and LV
lead placement.” In general, the response to CRT is greatest when
biventricular pacing serves to synchronize left ventricular contraction
as much as possible. The two criteria for pacing sites that are generally
held to optimize CRT response are: (1) pacing at areas of live, non-
scarred myocardium, and (2) pacing at the area of the most delayed
mechanical contraction or electrical activation. Echocardiography
and MRI reveal both the regions of latest mechanical activation and
areas of scarred, non-contractile myocardium.*** By contrast, ECG
excels in determining the regions of latest electrical activation; it
also has some ability to distinguish areas of scarring, but is generally
unable to guide lead placement.’*

First Mission: Choose the Right Patient

It is clearly necessary to define the characteristics of the
best candidates for this therapy. To this end, surface ECG and
echocardiography have been tested. Unfortunately, however, neither
of these examinations has proved sufficiently able to identify the
best patients. Indeed, in candidate selection, electrocardiographic
evidence of intraventricular conduction delay has been tested as a
surrogate marker for mechanical interventricular and intraventricular
dyssynchrony.®'® In patients with severe CHF symptoms, LBBB
morphology and QRS width > 150ms have been shown to predict
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a greater likelihood of CRT benefit. On the other hand, in patients
with mild heart failure, non-LBBB morphology has been shown
to predict minimal CRT benefit, and potentially even harm due
to LV pacing. However, a significant proportion of CRT patients
fail to respond symptomatically, and an even a larger proportion do
not display objective evidence of benefit.”!® Moreover, the utility of
many echocardiographic measures of mechanical dyssynchrony that
once held promise as predictors of response to CRT in single-center
studies was tested by the PROSPECT (Predictors of Response to
CRT) trial.” Even after validation by blinded core laboratories, no
echocardiographic measure of dyssynchrony could reliably predict
the response to CRT. Negative evidence also comes from the recent
Echo CRT study, which failed to show a benefit from CRT-D in
patients with QRS duration <130 ms and dyssynchrony assessed
echocardiographically.® These results seem to suggest that the battle
to select patients has been lost, a conviction that is underlined by
the simpler CRT indications reported in the latest guidelines.” For
this reason, research on LV lead placement has attracted considerable
interest.

Second Mission: Choose the Right Vein

The standard technique of CRT implantation has remained
substantially unchanged since it was first described in the 1990s.
A posterolateral position with acceptable pacing parameters and no
diaphragmatic stimulation is usually considered a good angiographic
result. However, several studies have reported a correlation between
LV lead position and CRT outcome and mortality.*** Derval and
colleagues showed that the pacing site is the primary determinant
of the hemodynamic response to LV pacing in patients with non-
ischemic, dilated cardiomyopathy,® pacing at the best LV site
being associated acutely with fewer non-responders. In another
study, Duckett et al. reported that the acute hemodynamic response
seemed to predict reverse remodeling both in ischemic and dilated
cardiomyopathy?” In a smaller but significant group of patients,
Spragg and colleagues assessed the greatest percentage rise in LV-
dP/dtmax in a target other than the posterolateral and lateral veins.
They reported that, in their institutional experience, 8 of 11 patients
who underwent intraoperative hemodynamic measurements while
being paced at various endocardial surfaces were found to have an
optimal pacing site that was not at locations traditionally used for
LV pacing.?®

These data confirm the idea that even when the LV lead is deployed
in a “good” fluoroscopic position, the response is variable. Thus, a
concept has evolved according to which targeting segments of latest
LV “activation” improves response. The ways of defining the optimal
LV segment to pace are different.

Pacing at the Site of Latest Mechanical Activation

Dyssynchrony imaging, which plays a small role in patient
selection, may be useful in LV lead deployment. In a prospective
study, Ypenburg et al. found that pacing at the site of latest
mechanical activation, as determined by speckle-tracking radial
strain analysis, resulted in a superior echocardiographic response
after 6 months of CRT and better prognosis during long-term
follow-up.*’ In the TARGET randomized study, the authors
showed that a targeted approach to LV lead placement based on the
definition of the latest segment activated, as identified by speckle-
tracking echocardiography, resulted in significant benefit in terms of
LV reverse remodeling, clinical status and the long-term endpoint

of combined death and heart failure-related hospitalization, in
comparison with a standard approach.®® ‘The main limitation of
that study was that speckle-tracking echocardiography could not
be performed in all the patients. Secondly, despite targeting, the
constraints of coronary venous anatomy appear to have restricted
concordance to only two thirds of patients, and in 8% of all patients
the LV lead was still placed at areas of scarring. Several data have
suggested that the viability of the paced LV segment can influence
the outcome of CRT. In this regard, pacing areas of scarring is
associated with a worse response®** than pacing viable myocardium.
Increasing scar transmurality* and scar density' also portend a worse
response. Another recent randomized study evaluated the impact of
echocardiography-guided left ventricular lead placement with the aid
of speckle-tracking echocardiography at the site of latest mechanical
activation on the rate of freedom from appropriate CRT-D therapy
for ventricular arrhythmias. The authors reported a higher percentage
of CRT response in the echo-guided LV lead placement group (72%
vs 48%, p = 0.006) with a consequent improved therapy-free survival
rate.”> When the trans-thoracic echocardiography approach is used,
the best LV lead site is identified and implantation is performed at
different times; it is therefore impossible to adjust the lead position if
placement is suboptimal.

Pacing at the Site of Latest Electrical Activation

Another approach to identifying the right vein to pace is based
on the evaluation of local ecg delay. The measurements of the QLV
interval in each of the CS tributaries is the most used method to
define the area of most delayed ventricular electrical activation.
The QLV interval is defined as the time that elapses between the
beginning of the QRS complex on surface ECG and the onset of
the sensed electrogram at the LV lead. Placement of the CS lead
at the site of the longest QLV interval is correlated with improved
hemodynamics, including higher maximum dP/dT.** Moreover, a
substudy of the SMART-AV trial showed that the length of the
QLYV interval was associated to a better outcome of CRT in patients
with greater electrical dyssynchrony.® Similar results were observed
also in the MADIT trial.>*

'This approach has the advantages of requiring minimal additional
procedural time and it does not require the implementation of
additional tests as echocardiography o cardiac MRI.

Another strategy was described in 2012 by Del Greco and
colleagues, who demonstrated the ability of an electroanatomic
navigation system (NavX system) to guide CRT-ICD implantation.
'The authors concluded that this approach was feasible and safe and
reduced X-ray exposure both for patients and physicians. A further
benefit was that the system provided more detailed information and
accuracy during CS lead placement, in terms of both 3D visualization
of anatomy and ventricular activation time, which optimize the
pacing site choice.*

Currently, several additional studies are underway to correlate
the QLV interval, as measured at the CS lead, and the clinical and
echocardiographic response to CRT.

Intracardiac Echocardiography

In an early study conducted on dogs, Jiang et al. reported the
feasibility and ability of intracardiac echocardiography in visualizing
the left ventricle from the right ventricle and monitoring LV
function.” Some years later, Saksena and colleagues proposed
a clinical technique using intraoperative ICE to guide LV lead
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positioning and CRT device optimization. In their study, ICE was
used in 23 patients to assess baseline LV function and LVEF in the
B-mode and/or M-mode view and to evaluate the stroke volume
indirectly by means of aortic flow spectra from Doppler analysis. The
final LV position was selected according to the greatest changes in
LVEF and/or aortic flow parameters measured in each possible vein
during CRT stimulation.*® The same approach was also used for AV
and VV optimization. Intracardiac echocardiographic visualization
of LV function was achieved in all the patients. On using this
approach, the authors reported a significant improvement in LVEF
compared with the baseline evaluation (24+9% to 43+13%) and only
one patient experienced worsening of heart failure during a follow-
up of 11+5 months. On the other hand, ICE evaluation prolonged
the procedure time by 45 minutes. The main limitations of that study
were the small patient population and the inability to confirm the
real benefit of ICE, owing to the study design.

In another study, Bai et al. proposed using ICE coupled with vector
velocity imaging to evaluate LV dyssynchrony and to guide LV lead
placement at the time of CRT implantation. Starting from a manual
endocardial perimeter tracing of each B-mode LV image, the vector
velocity imaging software creates 6-segment radial/longitudinal strain
curves that enable LV dyssynchrony to be detected.* This analysis
was performed in the basal condition, during LV only or during
CRT pacing in at least 2 veins in the first 50 patients. These data
were compared with those from the following 54 patients, in whom
standard CRT implantation was performed. Reverse remodeling
was observed in both groups, but the percentage of responders in
the ICE group was significantly higher than in the standard group
(82% vs 63%). In the ICE group, all the responders displayed
optimal visual resynchronization on vector velocity imaging. The
authors concluded that ICE-VVI analysis could be easily and safely
performed during CRT implantation, and that its use was associated
with a better outcome on CRT therapy during follow-up. Moreover,
ICE guidance enablesthe final LV lead position to be chosed from
among all candidate veins by means of “real-time” synchrony analysis.
Alternatively, if optimal resynchronization cannot be achieved in the
procedure, the patient may not be a suitable candidate for transvenous

CRT.

Conclusions

Cardiac resynchronization therapy is the most powerful weapon
to reduce morbidity and mortality in patients with symptomatic
severe heart failure and ECG evidence of interventricular conduction
delay. A tailored approach based on the evaluation of both electrical
and mechanical delay to guide LV lead placement seems to be the
most reasonable strategy in order to increase the efficacy of CRT
therapy. The good preliminary data that have been published suggest
that using intracardiac echocardiography to define the mechanical
delay could be an interesting option. Moreover, at present it is the
only option available that can enable intraprocedural evaluation of
the mechanical activation sequence. Naturally, further randomized
studies with larger populations should be performed in order to
ascertain the real benefit of this approach and to evaluate whether it

will outweigh the additional cost of this technology.
References

1. Wiggers C. The muscular reactions of the mammalian ventricles to artificial
surface stimuli. Am J Physiol 1925;73:346-78.
2. de Teresa E, Chamorro ], Pulpon L, et al. An even more physiological pacing:

changing the sequence of ventricular activation. In: Steinbach K, Laskovics A,
editors. Proceedings of the 7th World Symposium on Cardiac Pacing. Darmstadt,
Germany: Steinkopft-Verlag, 1983:395-401.

3. Leclercq C,Gras D, Le Helloco A, et al. Hemodynamicc importance of preserving
the normal sequence of ventricular activation in permanent cardiac pacing. Am
Heart ] 1995;129:1133-41.

4. Auricchio A, Klein H, Tockman B, et al. Transvenous biventricular pacing for
heart failure: can the obstacles be overcome? Am J Cardiol 1999;83:136D—-42D.

5. Cazeau S, Leclercq C, Lavergne T, et al., for the Multisite Stimulation in

(MUSTIC) Study Investigators. Effects of multisite
biventricular pacing in patients with heart failure and intraventricular conduction
delay.N Engl ] Med 2001;344:873-80.

6. Auricchio A, Stellbrink C, Sack S, et al., for the Pacing Therapies in Congestive
Heart Failure (PATH-CHF) Study Group. Long-term clinical effect of
hemodynamically optimized cardiac resynchronization therapy in patients with
heart failure and ventricular conduction delay. ] Am Coll Cardiol 2002;39:2026—
33.

7. Abraham WT, Fisher WG, Smith AL, et al., for the MIRACLE Study Group.
Multicenter InSync Randomized Clinical Evaluation. Cardiac resynchronization
in chronic heart failure. N Engl ] Med 2002;346:1845-53.

8. Young JB, Abraham W', Smith AL, et al., for the Multicenter InSync ICD
Randomized Clinical Evaluation (MIRACLE ICD) Trial Investigators. Combined
cardiac resynchronization and implantable cardioversion defibrillation in advanced
chronic heart failure: the MIRACLE ICD Trial. JAMA 2003;289:2685-94.

9. Bristow MR, Saxon LA, Boehmer J, et al., for the Comparison of Medical Therapy,
Pacing and Defibrillation in Heart Failure (COMPANION) Investigators.
Cardiac resynchronization therapy with or without an implantable defibrillator in
advanced heart failure. N Engl ] Med 2004;350:2140-50.

10. Cleland JG, Daubert JC, Erdmann E, et al., for the Cardiac Resynchronization-
Heart Failure (CARE-HF) study investigators. The effect of cardiac
resynchronization on morbidity and mortality in heart failure. N Engl ] Med
2005;352:1539-49.

11. Moss AJ, Hall W], Cannom DS, et al., for the MADIT-CRT Trial Investigators.
Cardiac-resynchronization therapy for the prevention of heartfailure events. N
Engl ] Med 2009;361:1329-38.

12. Linde C, Abraham WT, Gold MR, et al., for the REVERSE (REsynchronization
reVErses Remodeling in Systolic left vEntricular dysfunction) Study Group.

Cardiomyopathies

Randomized trial of cardiac resynchronization in mildly symptomatic heart
failure patients and in asymptomatic patients with left ventricular dysfunction and
previous heart failure symptoms. ] Am Coll Cardiol 2008;52:1834-43.

13. Zaca V, Mondillo S, Gaddi R, Favilli R. Profiling cardiac resynchronization
therapy patients: responders, non-responders and those who cannot respond—the
good, the bad and the ugly? Int J Cardiovasc Imaging. 2011 Jan;27(1):51-7

14. Adelstein EC, Saba S. Scar burden by myocardial perfusion imaging predicts
echocardiographic response to cardiac resynchronization therapy in ischemic
cardiomyopathy. Am Heart ] 2007;153:105-12.

15. Chalil S, Foley PW, Muyhaldeen SA, et al. Late gadolinium enhancement-
cardiovascular magnetic resonance as a predictor of response to cardiac
resynchronization therapy in patients with ischaemic cardiomyopathy. Europace
2007;9:1031-7.

16. Varma N. Left ventricular conduction delays and relation to QRS configuration in
patients with left ventricular dysfunction. Am J Cardiol. 2009 Jun 1;103(11):1578-
85.

17. Ploux S, Lumens J, Whinnett Z, et al. Noninvasive electrocardiographic mapping
to improve patient selection for cardiac resynchronization therapy: beyond
QRS duration and left bundle branch block morphology. ] Am Coll Cardiol
2013;61:2435-43.

18. Rouleau F, Merheb M, Geftroy S, Berthelot J, Chaleil D, Dupuis JM, Victor J,

www jafib.com Feb-Mar 2016| Volume 8| Issue 5




46 Journal of Atrial Fibrillation Featured Review

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Geslin P. Echocardiographic assessment of the interventricular delay of activation
and correlation to the QRS width in dilated cardiomyopathy. Pacing Clin
Electrophysiol. 2001 Oct;24(10):1500-6

Chung E, Leon A, Tavazzi L, et al. Results of the Predictors of Response to CRT
(PROSPECT) Trial. Circulation 2008;117:2608-16

Ruschitzka F, Abraham WTT, Singh JP, et al. Cardiac-resynchronization therapy
in heart failure with a narrow QRS complex. N Engl ] Med 2013;369:1395-405.
Authors/Task Force Members, Priori SG, Blomstrom-Lundqvist C, Mazzanti
A, Blom N, Borggrefe M, Camm ], Elliott PM, Fitzsimons D, Hatala R,
Hindricks G, Kirchhof P, Kjeldsen K, Kuck KH, Hernandez-Madrid A, Nikolaou
N, Norekval TM, Spaulding C, Van Veldhuisen DJ. 2015 ESC Guidelines for
the management of patients with ventricular arrhythmias and the prevention
of sudden cardiac death: The Task Force for the Management of Patients with
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the
European Society of Cardiology (ESC)Endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC). Eur Heart J. 2015 Aug 29. On
line publication.

Daubert JC, Ritter P, Le Breton H, et al. Permanent left ventricular pacing with
transvenous leads inserted into the coronary veins. Pacing Clin Electrophysiol
1998;21:239-45.

Kronborg MB, Albertsen AE, Nielsen JC, et al. Long-term clinical outcome
and left ventricular lead position in cardiac resynchronization therapy. Europace
2009;11:1177-82.

Singh JP, Klein HU, Huang DT, et al. Left Ventricular Lead Position and Clinical
Outcome in the Multicenter Automatic Defibrillator Implantation Trial-Cardiac
Resynchronization Therapy (MADIT-CRT) Trial. Circulation 2011;123:1159-
66.

Rossillo A, Verma A, Saad EB, Corrado A, Gasparini G, Marrouche NF, Golshayan
AR, McCurdy R, Bhargava M, Khaykin Y, Burkhardt JD, Martin DO, Wilkoff
BL, Saliba WI, Schweikert RA, Raviele A, Natale A. Impact of coronary sinus
lead position on biventricular pacing: mortality and echocardiographic evaluation
during long-term follow-up. ] Cardiovasc Electrophysiol. 2004 Oct;15(10):1120-
5.

Daubert C, Gold MR, Abraham WT, et al., for the REVERSE Study Group.
Prevention of disease progression by cardiac resynchronization therapy in patients
with asymptomatic or mildly symptomatic left ventricular dysfunction: insights
from the European cohort of the REVERSE (Resynchronization Reverses
Remodeling in Systolic Left Ventricular Dysfunction) trial. ] Am Coll Cardiol
2009;54:1837-46.

Duckett SG, Ginks M, Shetty AK, et al. Invasive acute hemodynamic response
to guide left ventricular lead implantation predicts chronic remodeling in patients
undergoing cardiac resynchronization therapy. ] Am Coll Cardiol 2011;58:1128—
36.

Spragg DD, Dong J, Fetics B], Helm R, Marine JE, Cheng A, Henrikson CA,
Kass DA, Berger RD. Optimal left ventricular endocardial pacing sites for cardiac
resynchronization therapy in patients with ischemic cardiomyopathy. ] Am Coll
Cardiol. 2010 Aug 31;56(10):774-81.

Ypenburg C, van Bommel R], Delgado V, Mollema SA, Bleeker GB, Boersma
E, Schalij MJ, Bax JJ. Optimal left ventricular lead position predicts reverse
remodeling and survival after cardiac resynchronization therapy. ] Am Coll
Cardiol. 2008 Oct 21;52(17):1402-9.

Khan FZ, Virdee MS, Palmer CR, et al. Targeted left ventricular lead placement
to guide cardiac resynchronization therapy: the TARGET study: a randomized,
controlled trial. ] Am Coll Cardiol 2012;59:1509-18.

Wong JA, Yee R, Stirrat J, et al. Influence of pacing site characteristics on response
to cardiac resynchronization therapy. Circ Cardiovasc Imaging 2013;6:542-50.
Chalil S, Stegemann B, Muhyaldeen S, et al. Effect of posterolateral left ventricular

scar on mortality and morbidity following cardiac resynchronization therapy.

33.

34.

35.

36.

37.

38.

39.

Pacing Clin Electrophysiol 2007;30:1201-9.

Adelstein E, Alam MB, Schwartzman D, Jain S, Marek ], Gorcsan J, Saba S.
Effect of echocardiography-guided left ventricular lead placement for cardiac
resynchronization therapy on mortality and risk of defibrillator therapy for
ventricular arrhythmias in heart failure patients (from the Speckle Tracking
Assisted Resynchronization Therapy for Electrode Region [STARTER] trial).
Am J Cardiol. 2014;113(9):1518-22.

Singh JP, Fan D, Heist EK, Alabiad CR, Taub C, Reddy V, Mansour M, Picard
MH, Ruskin JN, and Mela T, “Left ventricular lead electrical delay predicts
response to cardiac resynchronization therapy,” Heart Rhythm Off. ]J. Heart
Rhythm Soc., vol. 3, no. 11, pp. 1285-1292, Nov. 2006.

Gold MR, Birgersdotter-Green U, Singh JP, Ellenbogen KA, Yu Y, Meyer TE,
Seth M, and Tchou PJ, “The relationship between ventricular electrical delay and
left ventricular remodelling with cardiac resynchronization therapy,” Eur. Heart J.,
vol. 32, no. 20, pp. 2516-2524, Oct. 2011.

Del Greco M, Marini M, Bonmassari R. Implantation of a biventricular
implantable cardioverter-defibrillator guided by an electroanatomic mapping
system. Europace. 2012 Jan;14(1):107-11.

Jiang L, Weissman NJ, Guerrero JL, He J, Weyman AE, Levine RA, Picard
MH. Percutaneous transvenous intracardiac ultrasound imaging in dogs: a new
approach to monitor left ventricular function. Heart. 1996;76(5):442-8.

Saksena S, Simon AM, Mathew P, Nagarakanti R. Intracardiac echocardiography-
guided cardiac resynchronization therapy: technique and clinical application.
Pacing Clin Electrophysiol. 2009 Aug;32(8):1030-9.

Bai R, Di Biase L, Mohanty P, Hesselson AB, De Ruvo E, Gallagher PL, Elayi
CS, Mohanty S, Sanchez JE, Burkhardt JD, Horton R, Gallinghouse GJ, Bailey
SM, Zagrodzky JD, Canby R, Minati M, Price LD, Hutchins CL, Muir MA,
Calo’ L, Natale A, Tomassoni GF. Positioning of left ventricular pacing lead
guided by intracardiac echocardiography with vector velocity imaging during
cardiac resynchronization therapy procedure. ] Cardiovasc Electrophysiol. 2011
Sep;22(9):1034-41.

www jafib.com Feb-Mar 2016| Volume 8| Issue 5




