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Biventricular pacing or cardiac resynchronization therapy (CRT) has been a considerable advance in the therapy of chronic heart failure.
However, it is clear that not all patients benefit either in terms of symptoms or cardiac function, and some may be worsened by CRT.
In this review, we consider the arguments, both clinical and economical, in favour of improved selection of patients for CRT other than
those in current guidelines. It also seems clear that the fundamental mechanism of CRT is correction of dyssynchrony, and we review
the various methodologies available to detect dyssynchrony. Other factors are probably also important in determining outcomes such as
lead position, the extent and form of myocardial damage, optimizing pacemaker performance, and clinical expertise. The potential costs
of inappropriate CRT implantation are high to our patients and to the health economy, and it behoves the cardiology community to
develop better selection criteria. The current guidelines can and should be improved.
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The treatment of chronic heart failure took a major step forward
when biventricular pacing or cardiac resynchronization therapy
(CRT) was introduced. Meta-analyses of the five major clinical
trials have shown that CRT significantly reduces mortality and the
level of heart failure hospitalizations.1,2 It also improves the quality
of life in patients with New York Heart Association (NYHA) class
III and IV heart failure and evidence of dyssynchrony (currently
reflected by a QRS duration .120 ms) who were also receiving
optimal medical therapy. On average, implanting a CRT device in
13 patients should result in the saving of one additional life over a
3-year period when compared with medical therapy, and CRT is con-
sidered to be a cost-effective treatment.2 However, a number of
adverse events are associated with CRT.1 The overall complication
rate in the major trials was 14%, mostly related to the leads. The peri-
operative death rate was 0.8%, and there was a 9% failure to implant
the device. In addition, about 11–46% apparently failed to benefit
from CRT with lower rates, if theclinical parameters are used, and
higher rates with echocardiographic measurements.3 Thus, it has
been recognized from the start that not all patients benefit clinically,
and in the recent Predictors of Response to CRT (PROSPECT) trial,
the clinical composite response was unchanged in 50% and actually
worsened in 16%, and while 35% had a 15% reduction in left

ventricular (LV) end-systolic volume, in 9%, LV volumes actually
increased by more than 15%.3 Thus, considerable effort has been
directed at trying to identify these so-called non-responders.
However, others have suggested that this is the wrong approach
that the concept of ‘responders’ is a ‘false dichotomy’4 and that
since overall there are benefits it is a wasted effort to attempt to
identify these patients as it is difficult if not impossible to predict
who will receive the mortality benefit. However, is this rather nihilis-
tic approach justified?5

The concept of ‘non-response’
An essential element of this discussion is a precise definition of
what constitutes a response. A number of criteria can be used
to define a good response ranging from simple clinical measure-
ments to echocardiographic functional assessments and volume
changes, such as LV reverse remodelling. Clinical response as
judged by NYHA functional class, quality-of-life score, exercise
capacity as 6 min hall-walk distance tend to be more favourable
(the data from the 15 largest studies gives a weighted mean
response rate of 66.9% for clinical endpoints) compared with
echocardiographic parameters (56.9% response rate), and this
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may likely relate in part to the placebo effect of device implan-
tation.6 Reductions in end-systolic volumes and improvements in
ejection fraction are more objective criteria. Furthermore, the
absence of an obvious favourable response does not necessarily
equate with harm as an unchanged situation is better than deterio-
ration. Also, in some patients, clinical and echocardiographic
improvement is slow, and many published studies are often short
term. Mullens et al.7 found in a small group of patients that
despite progressive cardiac remodelling (and with good lead pos-
itions and continuous biventricular pacing), there was a significant
worsening of haemodynamics when the pacemaker was switched
off, implying that the device was still giving a therapeutic benefit.
However, this coincided with the reappearance of intraventricular
mechanical dyssynchrony, therefore, implying that therapeutic
benefit is related to mechanical dyssynchrony (see later). Notwith-
standing these observations, it does seem that in some patients,
CRT is associated with significant worsening of the clinical con-
dition as in the PROSPECT trial probably by inducing dyssynchrony
where none existed before or by having no effect on the progress-
ive natural history of severe heart failure in some patients. Since
CRT is expensive and is not without hazard, it seems sensible to
try to identify more precisely those who will derive the best
benefit and those least likely to, as in this latter group the
cost-effective equation will be dramatically different. But a
precise definition of what constitutes a good or poor response
is still controversial. Nevertheless, the majority of successful
medical therapies in heart failure that have reduced mortality
have also shown some degree of improvement in symptoms, LV
volumes, and reverse remodelling, as seen with beta-blockers,
angiotensin-converting enzyme (ACE)-inhibitors, and aldosterone
antagonists.8 The same seems to be true of CRT.9 It seems
obvious that a composite definition, which includes both clinical
and functional measures, would be most sensible.

Is the concept of non-responders
flawed?
It has been suggested that the concept of response is a ‘flawed
dichotomy as all medical therapies present a continuous spectrum
ranging from harm to benefit’ and ‘since we prescribe
ACE-inhibitors for all patients with heart failure we should apply
the same approach equally to drugs and devices’.4 However, this
reasoning is itself flawed on at least two counts. First, devices
are different from drugs: the up-front costs are higher for the
device and the implantation procedure, the initial complications
are potentially greater (infection, coronary sinus dissection or per-
foration, and even death), and a device is much more difficult to
remove than to stop a drug. Second, current pharmacotherapy
and pharmacogenomics are trying to develop techniques to do
exactly the opposite by identifying those patients who are most
likely to benefit and least likely to have side effects introducing ‘tai-
lored or individualized therapy’. Also, in most major drug trials in
heart failure, patients were excluded from entry if they had
already experienced an adverse effect with the study drug, which
cannot be done with devices.

Cost of non-response
Guidelines recommend CRT for symptomatic heart failure with
LVEF ,35% and a prolonged QRS duration .120 ms, which is
used as a basic measure of dyssynchrony. Prolonged QRS duration
occurs in about 25% of the general heart failure population,10 and
in 35% of patients with more severe LV systolic dysfunction, typical
of patients who might be considered for CRT. Currently, it is esti-
mated that up to 14 million people in Europe have heart failure.11

Therefore, possibly there are 5 million people with heart failure
and prolonged QRS duration in Europe. Of these potential candi-
dates for CRT in Europe, 30% may well turn out to be non-
responders, which is about 1.5 million people. At a conservative
estimate of E5000 per device (assuming they are receiving CRT
pacemakers), this equals E7.5 billion spent on these individuals
who will derive no clinical benefit and possible harm with a risk
of death at time of implantation of 0.5%, which of 1.5 million non-
responders approximates to 7500 people. In addition, there are
risks of infection, removal of the system, and coronary dissection
complications, which occurred in 2.4% of all patients in the
CARE-HF study. Thus, the human and financial costs of implanting
a device in a potential non-responder are considerable.

Dyssynchrony: does it matter
and how to measure?
Some have argued that correction of dyssynchrony may not be the
fundamental mode of action of CRT, and therefore identifying it is
unnecessary. Dyssynchrony can occur between the atria and ven-
tricles, between the ventricles (interventricular), or within the LV
(intraventricular). Both inter- and intraventricular dyssynchrony
appears to be more important, and the latter more so than the
former.

To assess intraventricular dyssynchrony, septal-to-posterior wall
delay .130 ms by M-mode has been proposed.12 Although it is a
relatively simple tool of dyssynchrony, it was limited by the fact
that dyssynchronous septal might have a flat motion or even para-
doxical movement rendering a high practical difficulty in selecting
the sampling point and therefore a high interobserver variability.
Its ability to predict favourable CRT response was also ques-
tioned.13 On the other hand, the presence of early ‘septal flash’
during isovolumic period predicts LV reverse remodelling with a
high specificity, although with a low sensitivity.14

Tissue Doppler imaging
Tissue Doppler imaging ( (TDI) can measure regional myocardial
velocity and hence naturally evolved as a tool to assess regional
myocardial function, as well as global function of chambers.
Many earlier studies had suggested the useful role for assessing
pre-pacing regional systolic dyssynchrony as predictor of a favour-
able response to CRT, in particular LV reverse remodelling,
an increase in systolic function, and also long-term clinical
outcome.15– 19 Many of these studies measured LV long-axis func-
tion, the major axis of the heart, and the generated global indices
of dyssynchrony that assessed the time to the peak or onset of sys-
tolic velocity at the myocardial velocity curve (Figure 1). Technical
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Figure 1 A patient fulfilling the criteria for cardiac resynchronization therapy with significant systolic dyssynchrony by tissue Doppler imaging.
The measured baseline dyssynchrony index from three apical views was 52.6 ms (normal cut-off value is 33 ms) (A) and LV end-systolic volume
decreased from 131 (B) to 67 mL (C ) after CRT (reduced by 49%).
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details of these parameters and their cut-off values have been
described elsewhere.20 Commonly used parameters include
septal-to-lateral wall delay in peak systolic velocity of 65 ms,16,17

maximal delay in peak systolic velocity of 12 LV segments of
100 ms, and standard deviation of time to peak systolic velocity
of 12 LV segments (Ts-SD) of 33 ms.15,16 A recent review of the
subject found that among the 24 studies using echocardiography
to predict CRT response, two studies demonstrated some value
of interventricular dyssynchrony, whereas all 24 studies showed
some predictive value of LV intraventricular dyssynchrony

(Figure 2).6 Recently, van Bommel et al.21 found in a sub-analysis
of the PROSPECT study that ‘super-responders’ were significantly
more dyssynchronous than the ‘negative’ responders with both a
larger interventricular and septal-to-lateral delay by TDI assess-
ment. This result also confirms that CRT is treating mechanical
dyssynchrony (although there may still be a need to distinguish
contractile disparity with normal activation from what is con-
sidered to be dyssynchrony due to delayed activation22). Non-
responders were also more likely to have an ischaemic aetiology
and a history of ventricular tachycardia suggesting the presence

Figure 1 Continued.
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Figure 2 A patient fulfilling the criteria for cardiac resynchronization therapy but without systolic dyssynchrony by tissue Doppler imaging.
The measured baseline dyssynchrony index from three apical views was 18.8 ms (normal cut-off value is 33 ms) (A) and LV end-systolic volume
decreased only from 94 (B) to 90 mL (C) after CRT (reduced by 4%).
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of more scar tissue, and clearly this is an important modifying
factor as lead placement needs to be taken into account in any pre-
dictive algorithm. Furthermore, although the current guideline rec-
ommends CRT for any QRS morphology that causes a prolonged
QRS duration, which typically includes left bundle branch block,
right bundle branch block, and intraventricular conduction delay,
there has been increasing evidence suggesting that patients with
the latter two QRS morphologies do not or only minimally
respond to CRT, which is attributable to the lack of intraventricu-
lar dyssynchrony.23 However, the concept of mechanical

dyssynchrony has been heavily criticized, since the publication of
the PROSPECT trial.3

Speckle tracking
Advances in quantitative echocardiographic technology continue
and may be applied to dyssynchrony analysis. Speckle tracking is
one notable advance that utilizes routine grey scale digital
imaging to determine myocardial strain. Theoretically, the major
advantage is because strain can isolate active thickening from
passive motion in a manner unaffected by Doppler angle of

Figure 2 Continued.
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incidence such as TDI. Speckle-tracking strain analysis has been pri-
marily applied to assess radial strain from parasternal short-axis
views and can accordingly assess wall thickening (Figure 3). The
time delay from anteroseptal to posterior wall maximal thickening
with a cut-off of 130 ms has been shown to predict increase in
ejection fraction after CRT. Furthermore, speckle tracking and
TDI data when combined have been shown to have additive value
to predict ejection fraction response.24 Other speckle-tracking
approaches include longitudinal and circumferential strain,
however, the radial method appears to be comparatively
useful.25 The success of radial strain for dyssynchrony analysis
appears to be related to the success of speckle tracking for detect-
ing wall thickening. Both longitudinal and circumferential strain dys-
synchrony exist in these patients, but often this appears to be too
subtle for the current speckle-tracking software to detect reliably.
Several ultrasound manufactures have developed speckle-tracking
software, and a close agreement for determining the presence or
absence of significant dyssynchrony was observed among three
recently tested.26 Of clinical practical significance, radial dyssyn-
chrony by speckle-tracking strain was recently associated with
ejection fraction and reverse remodelling response to CRT in
patients with borderline QRS duration of 100–130 ms.27 Of 78
borderline QRS duration patients implanted with echocardio-
graphic dyssynchrony, a lower number of patients had significant
dyssynchrony by routine pulsed Doppler markers of pre-ejection
delay, interventricular mechanical delay, and filling time/RR interval

when compared with 123 CRT patients with wide QRS duration.
Speckle-tracking radial strain appeared to be more predictive of
response than tissue Doppler or routine pulsed Doppler in this
study and has potential to be used as an adjunct for these patients
who may be considered borderline candidates.27 However, this
technology is very dependent on the quality of two-dimensional
images, and even more training is needed for off-line analysis com-
pared with TDI. Furthermore, the generalizability of this technique
has yet to be testified by multicentre studies.

A recent technological advance in echocardiography dyssynchrony
analysis has been three-dimensional speckle-tracking strain. The
three-dimensional speckle-tracking system can determine radial
strain using a 16-segment model from a pyramidal data set that
includes the whole LV and can determine the site of latest mechanical
activation (Figure 4). Initial experience has shown that three-
dimensional mechanical mapping correlates with the two-dimensional
approach to quantify dyssynchrony but provides far greater detail.28

The study compared 81 right ventricular-paced heart failure patients
for upgrade to CRT with 227 patients with native left bundle branch
block.28 Interestingly, only slight differenceswere in site of earliest acti-
vation, but the distribution and prevalence of sites of latest activation
were very similar when either two-dimensional or three-dimensional
speckle-tracking strain approaches were used. Furthermore, the
degree of mechanical dyssynchrony in both right ventricular-paced
patients and left bundle branch patients was similar before CRT,
and the overall ejection fraction response was similar after CRT.

Figure 3 An echocardiographic mid-ventricular short-axis view used for speckle-tracking radial strain. The right panel shows time strain
curves from six representative segments in a patient with left bundle branch block before cardiac resynchronization therapy. The yellow
line is the anterospetum, which demonstrates early peak strain (arrow), and the purple line is the posterior wall, which demonstrates
delayed peak strain (arrow), consistent with significant dyssynchrony.
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These data using speckle-tracking technology help support the candi-
dacy of CRT upgrade for patients with depressed ejection fraction
who received right ventricular pacing for bradycardia.

Real-time three-dimensional
echocardiography
Real-time three-dimensional echocardiography (RT3DE) can
provide a full volume-rendered LV cast in four to seven cardiac
cycles. This can then be used to measure changes in LV volume
and ejection fraction as well as systolic dyssynchrony based on
16 or 17 segments (depending on the software used). Early
studies suggest that dyssynchrony can be measured from the scat-
tering of the time to minimal regional volume of the LV segments
(Figure 5).29 Cut-off values of 8.3% (normalized for R–R interval)
by Tomtec software and 5.6% by Q-Lab (Philips) have been
suggested in single-centre studies that predict LV reverse remodel-
ling and improvement of ejection fraction.30,31 Technical challenges
for RT3DE remain, as in very dilated ventricles of the failing heart
stitching of more cardiac cycles is needed. Also, extensive training
is needed to develop the necessary skill for image acquisition and
off-line analysis so as to avoid suboptimal image and editing arte-
facts. Similar to speckle-tracking technology, the application of
RT3DE in CRT is yet to be evaluated by multicentre studies.

Prospect trial
In retrospect, this study was blighted with major problems ranging
from patient selection, methodology, technical expertise, ageing

echocardiographic equipment from three different vendors,
which were not standardized for frame rates with three different
software programmes for offline analysis. In addition, three differ-
ent core laboratories were used for echocardiography dyssyn-
chrony analyses that were not calibrated for dyssynchrony
analysis, which introduced the possibility of variability in analysis.
These limitations have been highlighted elsewhere but are
serious enough to undermine the conclusions.5,6,32 For example,
20.2% of patients had a LVEF more than 35% suggesting inclusion
of less severe heart failure patients who did not meet the entry cri-
teria or guideline recommendations for CRT. Furthermore, 37.8%
had an LV end-diastolic dimension ,65 mm, which raises the ques-
tion how reverse remodelling, which was one of the primary end-
points, can be expected to occur in a non-dilated ventricle. In
addition, interobserver variability was high. The study used a
reduction of LV end-systolic volume .15% to define volumetric
responders, although interobserver variability for this parameter
was 14.5%, which was unacceptably high and may not be reliable
to detect true responders.3 The mediocre image quality acquired
from ageing echocardiographic machines also preclude competent
off-line analysis of colour-coded TDI images, and in fact only 39%
of enrolled patients had dyssynchrony analysis from the 12 LV seg-
ments. Proficiency with any new technology takes time to acquire.
The PROSPECT trial was started in 2003 when the implantation
technique of CRT devices was already mature, it was still the
beginning of dyssynchrony analysis, in which technical training
and knowledge transfer had yet to develop. With the recent
advancement of echocardiographic technologies for dyssynchrony

Figure 4 An echocardiographic image from a patient with left bundle branch block of three-dimensional speckle tracking strain acquired from
a pyramid of data with colour coding of peak strain as orange–yellow. The right panel shows 16 corresponding time-strain curves from standard
left ventricular segments demonstrating septal curves with early activation, and free-wall curves with late activation, consistent with significant
mechanical dyssynchrony.
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assessment and importantly mastering of skills for dyssynchrony
assessment in many echocardiographic centres worldwide, now
will be good time to conduct another multicentre trial to read-
dress whether baseline dyssynchrony can predict favourable
response and clinical outcome to CRT. Therefore, the PROSPECT
trial should not be a reason for discarding the whole concept of
mechanical dyssynchrony, which is still the most likely target of
CRT or the need for identifying non-responders to save them
the hazards of a treatment that has risks and will provide them
with no benefit and possibly worsen their condition.

Dyssynchrony assessment in the
post-prospect era
The current challenge remains of how to reconcile the PROSPECT
study results from many smaller studies from centres with expertise
in dyssynchrony assessment. To date, there is no randomized study
to assess whether dyssynchrony-guide implantation will result in a
higher responder rate and even better clinical outcome. Although
such a study design may provide a definite answer, it is unlikely to
be conducted as the concept of dyssynchrony evolved after CRT
guidelines that used QRS duration as a surrogate marker of dyssyn-
chrony. Another major issue remaining is whether dyssynchrony
assessment performed from experienced centres will provide

better predictive values than novice centres, i.e. whether the acqui-
sition of dyssynchrony assessment skill has a learning curve, a situ-
ation similar to the training required for optimal CRT implantation.

Does cardiac resynchronization
therapy have a role in heart failure
with a narrow QRS?
Several studies using TDI have demonstrated that mechanical
dyssynchrony is apparent in about 30–40% of heart failure
patients with a normal QRS.33 – 35 A few small studies have
suggested that CRT may be of benefit to these patients as well,
in particular when dyssynchrony is present (Figure 6).36,37

However, in the RethinQ study, there was no apparent benefit
of CRT in patients with severe heart failure with QRS duration
,130 ms and echocardiographic evidence of mechanical dys-
snchrony.38 This study used peak O2 consumption as the
primary endpoint, which may be a relatively insensitive marker
of clinical response. However, it is clear that there are other
causes of mechanical dyssynchrony or delayed contraction
other than delayed electrical conduction, such as regional impair-
ment of function due to ischaemia, myocardial disease and scar-
ring, and disparate loading conditions or wall stress, which occur
with differences in LV wall thickness. Furthermore, a recent study

Figure 5 A heart failure patient had dyssynchrony measured by real-time 3D echocardiography before (A) and after (B) receiving cardiac
resynchronization therapy (CRT). Before CRT, there was variation in the time to minimal regional volume (arrows), and parametric imaging
confirms paradoxical movement over inferior septum and posterior wall. These changes were normalized after CRT.

C.-M. Yu et al.2334

 by guest on A
ugust 26, 2012

http://eurheartj.oxfordjournals.org/
D

ow
nloaded from

 

http://eurheartj.oxfordjournals.org/


Figure 6 A heart failure patient with normal QRS duration and significant systolic dyssynchrony by tissue Doppler imaging. The measured
baseline dyssynchrony index from three apical views was 43.1 ms (normal cut-off value is 33 ms) (A) and LV end-systolic volume decreased from
106 (B) to 62 mL (C ) after cardiac resynchronization therapy (reduced by 41%).
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suggests that CRT produces an acute haemodynamic benefit in
patients with a narrow QRS and with no or minor mechanical
dyssynchrony by TDI.39 They postulate that this is due to
reduction in external pericardial constraint with right ventricular
volume reduction that may occur with pacing, i.e. less ventricular
interaction allowing an increased LV volume and hence cardiac
output via the Frank–Starling mechanism. Another possibility is
that these patients had ‘occult’ dyssynchrony, as the usual
measures of dyssynchrony are based on longitudinal function

rather than radial motion. Efforts are underway to assess the
potential benefits of CRT in heart failure patients with narrow
QRS and echocardiographic dyssynchrony in a large randomized
trial. Assessment of both longitudinal dyssynchrony by TDI and
radial dyssynchrony by speckle tracking may improve the predic-
tion of outcome as shown in patients with prolonged QRS dur-
ation received CRT,39 and this may even be better with
real-time three-dimensional speckle tracking in the near future,
when technical hurdles are overcome.40,41

Figure 6 Continued.
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Future of echocardiographic
assessment of dyssynchrony
Parameters of dyssynchrony assessment by echocardiography con-
tinue to develop over time. Conceptually, electromechanical coup-
ling delay causes, systolic dyssynchrony, and hence if one can
accurately estimate its severity, this should translate into better
response to CRT and favourable cardiovascular outcome.
However, this link has not been firmly established due to a
number of reasons. First, a variety of parameters reflecting mech-
anical motion have been suggested, which may quantify dyssyn-
chrony at different times of the cardiac cycles and to different
extents, such as time to onset and peak velocity as well as time
to minimal strain/displacement/regional volume. This is further
complicated by the complex LV geometry, which also changes
from normal to disease stage. Currently, there is no single par-
ameter, which is able to encompass all these factors. Secondly,
while echocardiographic technologies are undergoing rapid evol-
ution, these new skills might not be easy to master and yet con-
tinuous improvement is necessary to increase its accuracy,
signal-to-noise ratio as well as intrinsic reproducibility. Thirdly,
training and hands on workshops are necessary for knowledge
and skill transfer and to overcome the learning curve. Fourthly,
concerted efforts from echocardiographic vendors are important
to arrive common consensus on the principles of algorithms for
quantitative dyssynchrony assessment by new technologies, such
as TDI velocities and strain. For example, simple echocardiographic
parameters such as LV ejection fraction can be reproducibly
measured by different machines, but the value of strain is entirely
different when measured by different echocardiographic vendors,
or even different off-line software with the same image. It will be
extremely difficult and impractical to have vendor-specific par-
ameter(s) (for both online and offline) to be recommended for
dyssynchrony assessment, in particular as many of them are only
available from state-of-the-art echocardiographic equipments.
Lastly, without a collaborative approach between echocardio-
graphic experts, electrophysiologists, heart failure specialists as
well as active participations of both echocardiographic, and
device vendors to properly conduct further multicentre trials, it
will remain unknown whether echocardiographic assessment of
dyssynchrony [and if so, which parameter(s)] can predict a favour-
able CRT response in a global perspective. Although this approach
has the potential to reduce up to one-third of CRT device implan-
tation in the ‘wide’ QRS heart failure population, a correct
dyssynchrony-targeted approach may help identify those who
might benefit from CRT in the ‘narrow’ QRS population.

Although systolic dyssynchrony plays a pivotal role in heart
failure with systolic dysfunction leading to the evolution of CRT,
it cannot be overemphasized that dyssynchrony does not only
occur exclusively in systolic dysfunction. In fact, systolic dyssyn-
chrony has also been shown to be present in other cardiac con-
ditions, such as in patients with LV hypertrophy,42 diastolic heart
failure,43 or even during dynamic stimulation of the heart.44

Conversely, in patients with right ventricular pacing-induced left
bundle branch block and preserved ejection fraction, only
about half of patients will exhibit systolic dyssynchrony.45

The pathophysiological role of dyssynchrony in these conditions
needs further exploration.

Conclusions
The correction of mechanical dyssynchrony appears to be the major
mechanism for CRT, and its detection, therefore, should be of value
in predicting the clinical outcome. Other factors are also important
in determining whether the patient will have a clinical or mortality
benefit and will have to be included in any algorithm, such as LV
lead position, myocardial contractile reserve, impact of mitral regur-
gitation, percentage of biventricular pacing, factors leading to loss of
biventricular pacing post-device implantation, atrial arrhythmia, as
well as optimizing atrioventricular and interventricular intervals;
but lack of mechanical dyssynchrony, an ischaemic aetiology with a
large myocardial scar burden and very low-ejection fraction as
well as inappropriate lead position, are all likely to be associated
with a poor clinical response.46,47 Current guidelines should of
course be followed at the moment, but there is always room for
improvement that may substantially benefit individual patients.
Maseri48 recently put the issue succinctly: ‘Following guidelines
makes it easy for cardiologists and protects them, while the very
broad spectrum of patients included in clinical trials is good for
the industry. But this approach provides no incentive to search for
the multiple causal components of each cardiovascular syndrome
in specific subgroups of patients. You only learn by following up
cases that do not fit the paradigm. In clinical research, looking at
“the average” does not help—looking at outliers is the way to try
and understand something that is still unknown’. This process is
already well advanced in cancer therapy with increasing develop-
ment of targeted therapies. Cardiovascular medicine needs to
move in this direction, and the selection of patients who stand to
gain the most benefit from CRT would be a start.
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