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Abstr act

Left or biventricular (BiV) pacing, or cardiac resynchronization therapy (CRT) is a new
treatment for patients with advanced congestive heart failure (CHF) and left bundle branch
block (LBBB). This therapy is based on the theory that synchronous BiV pacing is able to
reduce atrioventricular (AV), inter- and intraventricular dyssynchrony (DY S). Although there
is convincing evidence that CRT increases the left ventricular gection fraction (LVEF),
decreases mitral regurgitation (MR), and improves symptoms caused by heart falure, and
reduces combined end points of all-cause mortality and hospitalization, the proportion of non-
responders (NR) to this therapy has been described and high as about one third to one half of
patients with heart failure and LBBB. Here we review factors that may be responsible for this
relatively high prevalence, and the ways for more accurate patient selection (Iranian Heart
Journal 2003; 4 (4):49-56).
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An essential  subject in CRT is the
identification of patients most likely
to respond, that is those patients with
dggnificant AV and/or inter- and/or
intraventricular mechanical DYS who
would most likely benefit from CRT.:*
Almost all prospective, controlled studies
on CRT have been conducted in patients
with severe CHF and a wide QRS
complex.”® In CRT’s original assumption,
awide QRS, amarker of electrical DY'S, is
correlated with mechanical ventricular
DY S. While this may be correct, it isworth
mentioning that some patients with wide
QRS do not suffer from prominent
mechanical  ventricular DYS, and
conversely, that some patients with narrow
QRS may be candidates for CRT due to
significant mechanica DYS® Further
more, Bordachar et a.** have recently
shown that QRS duration dose not reliably
predict the ventricular DYS in patients
with RV - based pacing.

On the other hand, although short-term
experimental studies have shown that the
patients with wider QRS complexes have a
greater immediate mechanical response to
CRT,"™ most long-term studies have
shown that QRS duration dose not predict
response to CRT; and QRS narrowing does
not predict functiona improvement
following CRT,®# dthough in some
studies the opposite has been observed.??*
In addition, in Ansalone’s series™ 10
percent of CRT recipients experienced
worsening of symptoms and mechanical
DYS. The above-mentioned issues may
explain (at least in part) the relatively high
percentage of NR patients who have been
selected for CRT based on QRS duration
as a surrogate for mechanical ventricular
DYS (Table I). Thus, direct assessment of
mechanical ventricular DYS may have
greater accuracy in patient selection for
CRT and help to reduce the number of NR.
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This review overviews the CRT and
presents recent studies on predictors of
long-term response and its impact on
patient selection for CRT.

Table 1: Factorsthat can increase the number of
non - respondersto CRT

Improper patient selection (improper assessment of DY S)

Inadequate medical therapy

Progression of underlying cardiac disease

Persistent or worsening dyssynchrony after CRT

Improper lead (RV and/or LV) position

Improper AV and V-V intervd programming (V-V interva
optimization may by possible by using indices of mechanica DY S)
Lack of regular follow- up and device reprogramming

Cardiac

Overview
CRT is indicated in selected patients with
heart failure. It is estimated that as high as
15-20% of patients with heart failure are
candidates for this therapy based on the
current guidelines. Currently patients with
New York Heart Association Class Il1-1V
despite optimal drug therapy who have
LVEF < 35%, QRS duration > 130 ms, and
LV end diastolic dimension > 55 mm, are
candidates for BiV pacing. The first BiV
pacing system was implanted in 1994 and
approved by the Food and Drug
Administration in 2001.* CRT restores
contractile synchrony in hearts with
mechanical DY S due to conduction delay.
This is achieved by stimulating the most
delayed segment of the ventricle so it can
contract in synchrony with the other
territories. Two leads, one in the left
ventricle (LV) and one in the RV, are used
in CRT. These leads ae paced
simultaneously, or with a small delay. CRT
can restore synchrony and improve cardiac
performance without increased myocardial
oxygen consumption. CRT improves
patient’s quality of life as shown by
enhanced exercise capacity and reduced
hospitalization. The recently conducted
“Comparison of Medical Therapy, Pacing
and Defibrillation in  Chronic Heart
Failure” (COMPANION) triadd and meta-
analyses suggest that CRT has a mortality
benefit, particularly when combined with a

Resynchronization  Therapy:

defibrillator. To date, the widely accepted
criteria for DYS ae based on QRS
duration, but in the near future, the
assessment of mechanical DYS may play
an important role in the selection and
follow-up of patients and the optimization
of the therapy.

Ventricular DYS induced by conduction
abnormality or RV pacing generates
changes in ventricular loading condition,
aters myocardia blood flow and causes a
non-uniform myocardial metabolism.** In
addition, experimental evidence suggests
that stress kinase is significantly increased
in late activated region and phospholamban
is significantly decreased.*® In addition
Ca’*-ATPase in sarcoplasmic reticulum is
decreased in early activated region.*’
Ventricular DYS induces changes in
contractile and noncontractile myocardial
cellular elements and extracellular matrix
and therefore accelerates the process of
ventricular remodeling. In conclusion,
ventricular DY S contributes to ventricular
dilation and failure. Whether ventricular
DYS is the cause and/or consequence of
heart failure is still under some debate.”®
CRT targets four level of mechanical DY S
in the failing heart which includes. (1) AV
DYS, (2) Interventricular DYS, (3)
Intraventricular DYS and (4) Intramural
DYS.*® CRT, by synchronizing the cardiac
function at the above-mentioned levels,
restores coordinated ventricular
contraction. This in turn improves LV
loading condition, myocardial metabolic
efficiency, systolic function and
contractility with no or dight positive
effect on myocardial diastolic
function"*? Pacing from lateral wall
especialy close to the posterior papillary
muscle decreases systolic and presystolic
MR.* When combined, these various
effects of CRT improve the -cardiac
function and symptoms of heart failure. In
addition CRT, through the above-
mentioned mechanisms, induces reverse
remodeling of the failing LV. Therefore,
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after a period of CRT, -contractility
improves and LV Size decreases. Reverse
remodeling even renders LV sizes normal
in some patients.

Definition  of
Responder
The definition of responder has been a
major setback in predicting the long-term
response to CRT. Different studies have
used different criteria for positive response
to CRT %227 (Tgplel).

Responder and Non-

Table I11: Predictors of long-term response to

CRT

Reference

Variable

Findings

Saxon

Myocardia
index (MPI)

performance

The degree of abnormdity
of the Doppler-derived
MPI strongly predicts a
remodeling response with
long-term CRT

Cazeau®

LV  pre-gection interva
(LPEI)

Interventricular delay
(IVD)

LV fillingtime (LVFT)

LPElI > 140 ms, with or
without IVD > 40 ms;
LVFT < 40% of cadiac
cycle; and overlgp between
the end of laterd wal
contraction and onset of
LV filling were predictors
of responseto CRT

Pizdis®

Septal posterior wal
motion delay (SPWMD)

In patients with advanced
CHF and LBBB, baseline
SPWMD is a good
predictor of the occurrence
of reverse remodeling after
CRT, thus suggesting its
usefulness in identifying
patients likely to benefit
from BiV pacing.

Table 11: Different definitions of positive
responseto CRT
Reference Definition of Responder
Improved symptoms a least one NY HA class
Alonso 2 down and at least 10% increase in peak Vo, for
at least 6 months
Reuter 2 Improved symptoms and NY HA class with
decrease in the QOL* score
Improved NY HA class associated with improved
Cazeau® echocardiographic derived indices of DY S (see
text)
Pizalis® Reductionin LV end systolic volume index >
15%
Nelson Improvement of more than 25% in LV dP/dt max

* Quality of life

A consensus on definition of positive
response to CRT is needed to better
identify the potential candidates of CRT
and assess the outcome in different clinical
trials. The data from COMPANION
study* revealed that in patients who just
received optimum medical therapy,
systolic  blood pressure  decreased
progressively which is a marker for
progresson of underlying heart disease.
This phenomenon was not observed in
CRT group. Thus stabilization of patients
even without symptomatic improvement
(currently classified as non-responder
patients) may be considered at least to
some extent a benefit rather than failure of
CRT.

Predictors of Long-Term Response

Based on limitations of QRS duration,
various recent studies have assessed
different indices of ventricular mechanical
DYS in CRT candidates as predictors of
long-term response 2% (Table I11).

Nelson Z

Mechanica  dyssynchrony
measured by tagged MRI;
QRS duration; and LV
dP/dt max

Mechanicd  dyssynchrony
measured by MRI is a key
predictor for pacing
efficacy in DCM; and
combining information
about QRS (i.ee QRS
duration > 155 ms), and
basd dP/dt max (< 700)
provides an excellent tool
to identify maximal
responders.

Breithardt
28

Laterd septa (LS) wall
contraction phase
difference  assessed by
echocardiography

This study provides a
noninvasive screening
method for patients with
CHF, so that those likely to
have increased contractile
function with CRT can be
selected and so tha CRT
after implantation can be
optimized. Baseline
asynchrony indicated by
LS > 25° predicts a
contractile function benefit
from CRT

Sogaard ®

Delayed longitudina
contraction (DLC) detected
by tissue Doppler imaging
(TDI)

The extent of the LV base
segments displaying DLC,
detected by TDI before
pacemaker implantation,
predicted long-term
efficacy of CRT. The QRS
duration falled to predict
CRT efficacy.

Yu30,31

Dyssynchrony Index (DI)=
SD of LV 12 segment time
to peak myocardid systolic
contraction measured by
TDI

A preimplant
dyssynchrony  index  of
32.6 ms (2 SDs from mean
of 88 norma controls) was
ale to totaly segregate
responders  from  non-
responders of BiV.

Breithardt
32

TDI-derived  strain  rate
imaging (SRI)

SRI  might provide the
optima noninvasive
goproach to determine the
nature of baseline regiona
contractile DYS and to
assess the changes with
pacing to define better
patient selection criteria for
CRT.

Bax

Intra LV DYS assessed by
TDI

Septal laterd wal
delay>60 ms was the only
predictor of improvement
in LVEF.
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These studies have provoked a re
evaluation of the correlation between
electricd DYS (QRS duration) and
mechanical ventricular DYS and have
shown that the larger the mechanical
ventricular DYS, no matter how it is
measured, the larger the benefit from CRT.
So, direct assessment of ventricular DYS
may increase the accuracy of patient
selection for CRT and reduces the number
of NR. Cazeau and his colleagues % have
recently reported the results of the first
prospective study on selection  of
candidates for CRT based on mechanical
rather than €lectrical criteria.  They
included 66 patients with LVEF< 35%;
NYHA functional class Il or 1V despite
optimum medical therapy, and one or more
of the following echocardiographic criteria
of AV, inter- and intraventricular DYS: (a)
left ventricular filling time < 40% of the
cardiac cycle; (b) Left pre-gection
interval >140 ms with or without
interventricular delay >40 ms, and (c)
presence of overlap between the end of
lateral wall contraction and onset of LV
filling. An immediate postive response
(see Table Il for the definition) was
observed in 85% of patients with partial or
complete  improvement of above
mentioned echo-derived parameters of
ventricular mechanical DY S. This marked
improvement is encouraging, but must be
interpreted carefully, because these results
were observed in the immediate
postoperative follow up, in an uncontrolled
study design. Direct assessment of
ventricular mechanical DYS could aso
help to select the best timing delay
between RV and LV dimulation by
minimizing post implant indices of inter-
and intraventricular DYS (Table IlI).
Further prospective studies are needed to
assess and compare different criteria for
patient selectionin CRT.

Effect of Pacing Site on Response to
Cardiac Resynchronization

Initial reports suggested that stimulation
gte in the left ventricle (LV) may play an
important role in the response to CRT.
These studies have suggested that the LV
lateral wall is the “preferred site” for CRT
in patients with wide QRS and LBBB,
since the best acute hemodynamic results
were obtained by stimulating the LV
|lateral wall.** ** Butter * showed that in 30
patients, 18 with dilated cardiomyopathy
(DCM) and 12 with coronary heart disease
(CAD), CRT with LV free wall stimulation
produced significantly better LV systolic
performance (LV dP/dt max) compared
with anterior stimulation, regardless of
mode of pacing (univentricular or BiV).
They suggested that further studies are
necessary to prove the clinical superiority
of the LV free wall as a preferred site for
long-term CRT and its outcome.
Ansalone®™ compared the efficacy of BiV
at the most delayed wall (assessed by
tissue Doppler imaging) of the LV and at
other LV walls in 31 patients with DCM.
They found that lateral wall was the most
delayed site in 60%, and anterior wall in
40% of patients. Myocardial performance
index, LV end systolic volume index
(LVESVi), LVEF, and exercise load
improved significantly in al patients.
However, the greatest improvement was
found in those who paced a the most
delayed site. However, they observed no
deference  between  concordant and
discordant groups in long-term
improvement of NYHA functiona class.
Segaard® evaluated the correlation
between etiology of heart failure and the
location of the most delayed segments
assessed by TDI. In CAD patients (n=11),
the most delayed segments were
anteroseptal  (10/11) whereas in DCM
patients (n=9) they were lateral (8/9).
Ansalone® in his recent review suggested
that (&) according to the anatomic
distribution of the left bundle branch
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fascicles, the greatest delay can be located
at the inferior wall, the lateral wall, or the
posterior wall; (this finding was aso
recently confirmed*) (b) we cannot say
whether it could be more effective to pace
the most delayed or the most dyskinetic
region; and (c) the beneficial effect of CRT
on LV volume and dimension did not
correlate  with  acute  hemodynamic
parameters and/or  improvement  of
functional class. Gasparini %" performed
the largest single center, long-term study
that evaluated the effect of different pacing
gtes in 158 patients treated with CRT.
Their data surprisingly showed that LVEF,
LVESVi, and exercise load improved
significantly during long-term follow up,
regardless of LV pacing ste. Further
prospective  large-scale  studies  are
necessary to resolve the controversies
surrounding this issue. Two recently
published triads® * have added new
controversies regarding whether BiV and
LV pacing gave similar beneficial effects.
In PATH-CHFII study® patients with
QRSd between 120-150 ms faled to
benefit from LV pacing based CRT while
in Achili et a.* study in 52 patients, who
were chosen for CRT based on
echocardiographic criteria, BiV pacing
improved NYHA class, LVEF, LVESd,
LVEDd and MR in al patients regardless
of QRS duration and there was no
difference in the magnitude of benefit in
patients with QRSd>120 ms compared to
those with QRSd<120ms. Weather
different mode of pacing or different
selection  criteria  resulted in  this
discrepancy is not clear and warrants
further studies.

Unresolved | ssues and Future Directions

Although much has been learned over the
past several years regarding patient
selection in CRT, there are major
unresolved issues. First, a consensus
definition of responder is lacking and is of
paramount  importance for  patient

selection. New  methods examining
regional DY'S hold promise for generating
a DYS index that could improve patient
selection compared to present more
indirect methods, but optima method(s)
for assessment of mechanical ventricular
DYS and their role in prospective
identification of responders are il
unresolved issues. The optimal method of
therapy itself is unresolved. Questions
remain as whether BiV stimulation is
needed, whether multiste left-heart
stimulation would enhance the efficacy,
whether lateral wall is the best LV pacing
gte or, where the optimal location of RV
pacing is, and what the best timing delay is
between RV and LV  stimulation.
Resolving these issues will help to better
identify potential candidates for CRT.
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