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Abstract

Cardiac resynchronization therapy (CRT) is an established treatment modality for systolic 
heart failure. Aimed to produce simultaneous biventricular stimulation and correct the lack 
of ventricular synchrony in selected patients with congestive heart failure, CRT has shown to 
improve mortality and reduce hospital admissions when compared to medical treatment. At 
present, the indication criteria for the implantation of a CRT device include an ejection frac-
tion of less than 35%, heart failure symptoms consistent with NYHA functional class III-IV and 
a QRS complex duration equal or longer than 120 milliseconds. It has been reported that 30% 
of patients who meet those criteria still may not derive clinical benefit from CRT. Due to the 
existing diversity of imaging modalities and resources for their process and analysis, a great 
expectation in terms of more accurate diagnosis of ventricular dyssynchrony has been raised. 
Reliable identification of dyssynchrony could allow us to better predict the favorable response 
of an individual patient to CRT and therefore offer this procedure to those individuals most 
likely to benefit. We review the available techniques for the study of ventricular dyssynchrony 
for CRT patient selection and the results of its application in clinical trials. Despite tremendo-
us progress in the imaging technology available for the assessment and diagnosis of ventricular 
dyssynchrony, an ideal method has not been identified and the duration of the QRS complex 
in the surface ECG remains the accepted criteria of dyssynchrony in the selection of patients 
for CRT. 

Terapia de resincronización cardiaca: evaluación de la disincronía ventricular y selección 
de pacientes

Resumen
La terapia de resincronización cardiaca es una modalidad de tratamiento bien establecida 
para la insuficiencia sistólica cardiaca. Dirigida a producir una estimulación biventricular si-
multánea y a corregir la falta de sincronía ventricular en pacientes seleccionados con insufi-
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Introduction

Cardiac resynchronization therapy (CRT) creates simulta-
neous or near simultaneous biventricular stimulation ai-
med at correcting the lack of ventricular synchrony found 
in some patients with congestive heart failure and, most 
commonly, those with left bundle branch block. CRT is 
among the most important contemporary advances in the 
treatment of heart failure.1 Several randomized clinical 
trials have demonstrated benefits in survival, hospitaliza-
tions for heart failure, functional capacity and improve-
ment in left ventricular function and architecture among 
patients with advanced systolic dysfunction (ejection 
fraction equal to or less than 35% and New York Heart 
Association functional class III) and QRS duration equal or 
greater to 120 milliseconds. The benefit is additional to 
that of optimal medical therapy.2-11 Two recent clinical 
studies have suggested similar benefits, although more 
modest, in patients with low ejection fraction (35% - 
40%) and wide QRS and less severe heart failure, class 
II (NYHA).12-15 Although there is still no consensus on the 
routine use of CRT in this population, it is very possible 
that in the near future these indications expand to in-
clude less symptomatic patients as a therapeutic or pro-
phylactic measure to avoid the progression of the disease. 
Based on the large volume of existent clinical evidence, 
CRT has acquired a solid position in the treatment of heart 
failure. However, clinical trials have also shown that only 
60% - 80% of patients receiving these devices experience 
clinical or electrocardiographic improvement.3,16,17 

At the present time, a QRS complex with duration grea-
ter than 120 milliseconds, regardless of the underlying 
conduction defect, is considered sufficient electrocar-
diographic criteria for patients with an ejection fraction 
of less than 35% and symptoms consistent with class III 
(NYHA) heart failure to be candidates for the implanta-
tion of a resynchronization cardiac device.18-21 These cri-
teria are based on the clinical trials mentioned above. 
The scientific community has explored persistently newer 
techniques for the assessment of ventricular dyssynchrony 
to optimize the selection of patients for this therapy. Ta-
king into account the diversity among imaging modalities 

that are currently available and the existing resources 
for their process and analysis, it is expected that imaging  
methods would make possible the most accurate diagnosis 
of ventricular dyssynchrony. The reliable identification of 
dyssynchrony should allow us to predict whether a patient 
will respond positively to CRT, regardless of the QRS du-
ration, in order to offer the procedure to those patients 
who are more likely to benefit and likewise prevent un-
necessary implantation in patients with low likelihood of 
clinical improvement. Mechanical dyssynchrony has been 
demonstrated in patients with normal QRS duration and 
can be absent in up to 20% of patients with left bundle 
branch block, as shown recently by magnetic resonance 
imaging.22-27 With all its benefits, CRT is not exempt of 
risks. The implantation of CRT devices include the risks 
inherent to the implantation process such as pneumotho-
rax, cardiac perforation, dissection of the coronary sin-
us, contrast induced nephropathy, bleeding and infection 
of the device, among others. Additionally, there is sub-
sequent risk of paradoxical worsening of heart failure if 
the biventricular stimulation exacerbates the degree of 
dyssynchrony, causes diaphragmatic stimulation, or com-
plicated by lead dislocation.28-31

This manuscript aims to review available techniques 
for the study of ventricular dyssynchrony for patient se-
lection and the results of its application in clinical trials. 

Dyssynchrony 

Electromechanical ventricular dyssynchrony is the patho-
physiologic abnormality targeted by CRT. In the case of 
interventricular dyssynchrony the focus is the temporal 
difference in activation between both ventricles, as com-
pared to intraventricular dyssynchrony, which refers to 
the relative delay of activation among different segments 
of the left ventricle. Complete electrical activation oc-
curs in less than 80 milliseconds in the normal heart, by 
fast conduction through the His-Purkinje system.32 Delay 
in the activation of a large enough segment of the left 
ventricle (electrical dyssynchrony) may result in an as-
ymmetrical and inefficient systolic contraction (mecha-
nical dyssynchrony) that eventually compromises cardiac 

ciencia cardiaca congestiva, la terapia de resincronización cardiaca ha mostrado ser capaz de 
mejorar los índices de mortalidad y reducir las admisiones hospitalarias cuando se compara 
con el tratamiento médico. Actualmente, los criterios para la implantación de un dispositivo 
de terapia de resincronización cardiaca incluyen una fracción de eyección menor a 35%, sín-
tomas de insuficiencia cardiaca consistentes con la clase funcional NYHA III-IV, y una duración 
del complejo QRS igual o mayor de 120 milisegundos. Se ha reportado que 30% de los pacientes 
que cumplen con estos criterios pueden inclusive no obtener beneficio clínico de la terapia de 
resincronización cardiaca. Debido a la diversidad existente de los estudios de imagenología y 
de los recursos para su proceso y análisis, ha surgido una gran expectativa en términos de un 
diagnóstico más exacto de la asincronía ventricular. La identificación confiable de la asincro-
nía nos podría permitir predecir mejor la respuesta favorable de un paciente en particular a 
la terapia de resincronización cardiaca y así ofrecer este procedimiento a aquellos pacientes con 
mayores probabilidades de beneficiarse de dicha terapia. Hacemos una revisión de las técnicas 
disponibles para el estudio de la asincronía ventricular para la selección de pacientes para 
esta terapia y los resultados de su aplicación en pruebas clínicas. A pesar de los grandes pro-
gresos alcanzados en la tecnología de imágenes disponibles para la evaluación y diagnóstico 
de la asincronía ventricular, no se ha identificado un método ideal y la duración del complejo 
QRS en el ECG de superficie sigue siendo el criterio aceptado de asincronía en la selección de 
pacientes para terapia de resincronización cardiaca. 
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pump function, with subsequent adverse remodeling of 
the left ventricle and development or progression of heart 
failure. This phenomenon is critical in patients with low 
myocardial contractile reserve as in ischemic and dilated 
cardiomyopathies. 

The best model of ventricular dyssynchrony is due to 
left bundle branch block, in which the left ventricle is 
activated later and slower than normal following activa-
tion of the right ventricle. Once the right ventricle has 
been activated through the right bundle, depolarization 
spreads through the interventricular septum resulting in 
delayed activation of the posterior and lateral walls of 
the left ventricle.33 The sequence of depolarization deter-
mines the sequence of mechanical contraction. When the  
right ventricle and the septum are activated before the left  
ventricle, the septum is pulled away from the lateral wall 
of the left ventricle, which ends up contracting late, at 
a time when the septum is shifted to the opposite direc-
tion. At first glance, this phenomenon is responsible for  
the characteristic paradoxical septal motion observed in the  
echocardiogram of patients with left bundle branch block 
(apical four-chamber view). It has been demonstrated 
that the sequence of conduction and ventricular activa-
tion can shown individual variations among different pa-
tients with similar degree of left bundle branch block.34,35 
The time elapsed between the time of maximal impulse 
in the septum and the lateral wall of the left ventricle 
is one of the most common measures of ventricular dys-
synchrony and the normal value varies depending on the 
method used and its validation. It is understood that left 
intraventricular dyssynchrony is more important in the 
pathophysiology of heart failure than interventricular 
dyssynchrony. Most clinical studies have focused on the 
activation and mechanical function of the left ventricle 
during the evaluation of dyssynchrony in patients with 
heart failure. 

Left bundle branch block is present in about 15-20% of 
patients with heart failure due to systolic dysfunction and 
confers a negative prognosis, determined by decreased 
survival and accelerated progression of the disease.36-40 
Even in patients that lack systolic dysfunction but have 
increase risk of cardiovascular disease, presence of left 
bundle branch block represents an increased risk for heart 
failure and mortality.41-43 Similarly, the mechanical dys-
synchrony induced by iatrogenic left bundle branch block, 
which is characteristic of artificial stimulation of the right 
ventricle in the case of traditional pacemakers, has been 
associated with increased risk of impaired left ventricular 
function in patients with or without heart failure, and fa-
vorable response to biventricular stimulation with CRT.44-48 
It has been accepted that dyssynchrony associated with 
left bundle branch block is a factor that contributes ne-
gatively to the pathophysiology of heart failure. Excessi-
ve prolongation of the QRS duration in patients with ad-
vanced heart failure may also be a passive marker of the 
severity of the disease and not only an active factor in  
the process. Rosenmbaum, Elizari and Lazzari described the  
variants of bundle branch blocks.49 These include block at 
the level of the branches “bundle branch block”; blocka-
de in the major subdivisions known as “segmental block”; 
blockade in the Purkinje network called “reticular” or 

“Purkinje block” and “parietal blocks” that occurs due to 
delayed conduction in the myocardium itself. This classifi-
cation although frequently ignored, is essential to unders-
tand the variety of possible patho-physiological scenarios 
involved in the pattern and duration of the QRS and the 
complexity of the clinical problem. 

The QRS duration as a measure of electrical dyssyn-
chrony and the pattern of the left bundle branch block, 
suggest the presence of mechanical dyssynchrony and are 
often associated with it. However, the delay in conduc-
tion, as might be inferred, does not necessarily corres-
pond consistently with the measures of mechanical dys-
synchrony obtained with imaging modalities. As discussed 
above, some patients presenting with left bundle branch 
block and advanced heart failure do not show meaningful 
evidence of mechanical dyssynchrony by echocardiogra-
phy. Likewise, evidence of ventricular dyssynchrony has 
been found in patients with conduction defects other than 
left bundle branch block or in patients with normal QRS 
duration. Based on these electro-mechanical inconsisten-
cies, some researchers have reported that mechanical 
resynchronization and its benefits can be achieved with 
CRT regardless of QRS duration.50 This finding, adds to the 
arguments against the exclusive use of QRS duration as a 
measure of mechanical dyssynchrony and strict criteria in 
patient selection for CRT. 

Since not every patient with prolonged QRS duration 
have mechanical dyssynchrony demonstrable with ima-
ging techniques, it is understandable that with the cu-
rrent selection criteria for CRT, there will be a percentage 
of patients that do not benefit from the treatment. Simi-
larly it is conceivable that some patients with “normal” 
QRS duration and currently considered not candidates for 
CRT, will exhibit mechanical dyssynchrony with advanced 
imaging modalities, enough to justify a CRT device and 
show clinical improvement. These observations have tur-
ned the study of ventricular dyssynchrony into a rapidly 
expanding field in medical research. 

Diagnosis of dyssynchrony by echocardiography

The need to identify an accurate method for the selection 
of the ideal patient, the one with the highest probability 
to respond to CRT, has fueled the development of ima-
ging techniques to study ventricular dyssynchrony. Most of 
these techniques are based in echocardiography because 
of its convenience, availability and relatively low cost. 
Clinical studies mostly from single centers, with relatively 
small samples, initially yielded promising results.51-64 

The simplest echocardiographic technique for the stu-
dy of ventricular dyssynchrony is the analysis of M mode 
ultrasound that registers the delay between the left ven-
tricular septum and the posterior wall. In the paraster-
nal window, longitudinal or transverse axis, the M-mode 
ultrasound cursor is positioned at the level of the mid 
ventricle where papillary muscles may be observed and 
with the record speed set at 50-100 mm/s, the time de-
lay between the point of maximum displacement of the 
septum and the posterior wall is measured (Figure 1). 
More than 130 milliseconds of difference is considered 
the cutoff value for the diagnosis of dyssynchrony.52,53 The 
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addition of tissue color Doppler to M-mode echocardio-
graphy may help to more precisely identify the time of 
maximum displacement of the ventricular walls. Although 
this is a very practical technique, the variability between 
successive measurements and the lack of predictability in 
the response to CRT in more recent studies suggest that it 
cannot be used as a single reliable measure in the selec-
tion of patients for CRT.65,66

Tissue Doppler is the technique most frequently used 
in the study of ventricular dyssynchrony and is currently 
by consensus the recommended method.67 Longitudinal 
and radial shortening velocities can be recorded with tis-
sue Doppler in different segments from different windows 
to assess the time of contraction of each segment and 
quantify the difference among individual segments. Time 
intervals are measured in reference to the electrocardio-
gram using the beginning of the QRS complex and the peak 
systolic velocity recorded in selected regions of interest 
on basal and mid segments of opposing walls wherever the 
maximal systolic velocity is found to be stable. The good 
quality measurements from different beats for a segment 
on the same plane are usually averaged.67 Several authors 
have evaluated the data obtained by this method using di-
fferent combinations of measures including the use of the 
septal and lateral basal segments in the apical four-cham-
ber view (dyssynchrony present when the delay in activa-
tion of opposite walls is more than 65 msec) or the use 
of a dyssynchrony index that incorporates measurements 
in 12 segments in all three standard planes of the apical 
window (basal anterior, inferior, septal and lateral in the  
two and four chamber and longitudinal views).54,58,61,68 
The index corresponds to the standard deviation of the 
times of maximum velocity of the 12 segments, with a 
normal cutoff value 33 ms.69 A feature known as tissue 
synchronization imaging allows some computers display 
color-coded images of automated speed times superimpo-
sed on 2D images, providing a quick visual guide to identi-
fy segments of interest.70,71 (Figure 2) 

Pulsed tissue Doppler imaging without color can also 
be used in the evaluation of dyssynchrony. The cursor 
should be located in the areas where the signal is repro-
ducible. The measurement is done from the beginning or 
peak of the QRS and the onset of the systolic velocity 
signal corresponding to the segment of interest. A diffe-
rence of 60 msec or more on opposite walls is considered 
diagnostic for dyssynchrony.56,67,72 (Figure 3) 

Another approach has been developed around the con-
cept of myocardial deformation. Instead of using the Do-
ppler registered tissue velocity, the myocardial deformation 
is calculated as a proportionate measure of the sampled 
tissue shortening along the Doppler cursor line. The propo-
sed advantage of this technique is the accuracy to register 
myocardial contraction independently of passive motion. 
Unfortunately this method has technical limitations be-
cause it is dependent on the Doppler’s angle of incidence; 
the acquisition of images is complicated by an increased 
incidence of noise and low reproducibility. Initial studies 
suggested that deformation measures corresponded better 
with mechanical dyssynchrony than myocardial velocity.73 
However, it showed little correlation with the echocar-
diographic response to CRT.58,64,74 Some of the limitations 
of this technique may have improved with the addition of 
speckle tracking. Speckle tracking is an additional resource 
that eliminates the influence of the Doppler’s angle of inci-
dence, improving the diagnostic value of the deformation 
parameters, in both short and long axis.75-78 The presence 
of dyssynchrony in the two modes of longitudinal and radial 
deformation has shown to correspond with a greater likeli-
hood of response to CRT.79,80 Ventricular displacement can 
also be obtained from tissue Doppler and its association 
with response to CRT has been demonstrated.26,81-82 Howe-
ver the advantages and diagnostic superiority shown with 
speckle tracking,74 has popularized this technique; further 
perfection and inclusion in larger clinical trials would pro-
bably be necessary for its adoption as a preferred techni-
que in the diagnosis of dyssynchrony. 

Figure 1. M-mode echocardiography in para septal long axis de-
monstrating a delay of 160 milliseconds between the point of 
maximum contraction in the antero-septum and the posterior wall 
of the left ventricle, consistent with mechanical dyssynchrony (≥ 
130 milliseconds). 

Figure 2. Tissue synchronization imaging of the left ventricle from 
the apical four-chamber view showing color-coded tissue Doppler 
consistent with maximal delay at the base and mid lateral wall 
(yellow). The top left frame shows records of maximum systolic 
velocity for basal (“BL” and “BS”) and mid (“ML” and “MS”) seg-
ments of the lateral wall and septum. A TSI (tissue synchronization 
imaging) index can be calculated based on these measurements.
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Other Imaging Modalities 
Three-dimensional echocardiography with various imaging 
processing techniques, stress echocardiography, magnetic 
resonance and nuclear myocardial perfusion imaging are 
other diagnostic modalities used in the assessment of ven-
tricular dyssynchrony and resynchronization. 

The initial application of three-dimensional echo-
cardiography in the study of CRT was to evaluate the 
effects of biventricular pacing in volume and ventricu-
lar function.83,84 Using tissue Doppler, the systolic dyssyn-
chrony index may be calculated which has shown good 
correlation with the response to CRT with a sensitivity 
of 88-96% and specificity of 85-88%, according to diffe-
rent authors using slightly different cutoff values (5.6% 
-10%).85-89 Although there is evidence that the measure-
ment of the systolic dyssynchrony index with this techni-
que is reproducible,88,90 when compared with the measu-
rement of dyssynchrony using 2D echocardiography tissue 
Doppler, the correlation and agreement between them is 
poor.89,91 Preliminary studies suggest that identifying the 
more delayed segment of the left ventricle using three-di-
mensional echocardiography, allows determining the ideal 

segment for the placement of the left ventricular lead.92-

94 At present, the use of three-dimensional echocardiogra-
phy is limited by its availability, technical complexity, and 
lower temporal-spatial resolution.95

Several studies with small sample sizes (42-71 pa-
tients) and different designs have explored the value of 
exercise or dobutamine pharmacological stress echocar-
diography. Overall, they show that the presence of con-
tractile reserve or myocardial viability is an independent 
predictor of clinical improvement and increased ejection 
fraction in patients with CRT with sensitivity between 
70% and 100% and specificity between 43.8% and 88%.96-100 
The correlation is kept regardless of the presence of de-
monstrable dyssynchrony at rest suggesting an additional 
prognostic value conferred by the presence of contrac-
tile reserve.97 The demonstration of dyssynchrony during 
exercise has also shown to have superior predictive value 
than the assessment made at rest with 89% of positive 
predictive value compared to 70% in a study involving 64 
patients.98 The presence of contractile reserve in the seg-
ment corresponding to the location of the left ventricular 
lead has shown to be of particular importance, and could 
be useful especially in the planning of the procedure  
to increase the likelihood of clinical response.99-100 The 
results of a prospective multicenter clinical trial desig-
ned to compare the predictive value of pharmacological 
stress echocardiography with low doses of dobutamine in 
patients with conventional indications for CRT have not 
been published. In this study follow-up was planned for 
one year with clinical response parameters and evaluation 
of left ventricular reverse remodeling, it will also include 
a comparison of dyssynchrony measurements using con-
ventional echocardiographic methods.101

Single photon emission computed tomography (SPECT) 
of myocardial perfusion, as well as magnetic resonance 
imaging is useful in defining areas of scar and myocar-
dial viability. Patients with perfusion defects or extensive 
areas of scar are less likely to experience clinical impro-
vement, reduction of left ventricular dimension or increa-
sed ejection fraction in response to CRT102-109. Analysis 
protocols for gated perfusion “SPECT “ have been deve-
loped for the assessment of ventricular dyssynchrony and 
validated with tissue Doppler.110,111 Subsequent studies 
have confirmed its predictive value for clinical response in 
patients receiving CRT devices.112-115 A percentage of total 
scar less than 15% has been associated with an increased 
likelihood of clinical improvement.116,117 Demonstration of 
mechanical dyssynchrony by different magnetic resonan-
ce techniques may also help predict the response to CRT 
independently of the presence of electrical dyssynchrony 
or scar.106,108,109,116-118 More studies and larger samples are 
needed to determine the role of this technology in clinical 
practice. Cost, technical complexity, equipment availa-
bility, time to complete the studies and its relative in-
compatibility with pacemakers and defibrillators, besides 
referral bias are some of the advantages of the echocar-
diographic methods over MRI. 

Clinical Trials and dyssynchrony measure-
ments 
The use of echocardiographic parameters in identifying 
suitable patients for CRT was studied in a large multicenter  

Figure 3. Pulsed tissue Doppler imaging demonstrating mechanical 
delay between the base of the left anterior and inferior walls, 
from the apical long axis view. The measurement is taken between 
the pacing artifact and the beginning of displacement of the eva-
luated segment determined by tissue Doppler. This measurement 
is dependent on technology, good signal quality is essential for a 
reliable measurement. The example shows a delay of 60 millise-
conds in the lateral wall consistent with mechanical dyssynchrony 
between these segments (≥ 60 milliseconds). 
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clinical trial, the study of predictors of response to CRT 
(PROSPECT).66 The study involved 53 centers in the Uni-
ted States, Europe and China. A total of 498 patients with 
standard indications for CRT were studied with twelve 
echocardiographic parameters and were followed for six 
months to evaluate clinical response and ventricular end-
systolic volume. The ability of echocardiographic para-
meters to predict clinical, anatomical or both responses 
was the study objective. The authors found wide varia-
bility in the analysis of the echocardiographic parame-
ters regardless of the training provided to operators at 
each center. The parameters studied in PROSPECT inclu-
ded two M-mode echocardiography measurements, one 
combined with pulsed Doppler; three parameters based 
on pulsed Doppler and seven using tissue Doppler inclu-
ding confirmation by longitudinal deformation rate in one 
of them. Clinical improvement, determined with a stan-
dard instrument, occurred in 69% of patients and reduction 
of end-systolic volume of over 15% was registered in 56% 
of the patients in whom this data could be analyzed. The 
sensitivity and specificity from the 12 echocardiographic 
parameters evaluated to predict response to CRT signifi-
cantly varied between 6-77% and 31-93% respectively. The 
authors concluded that none of the parameters studied 
could be recommended to improve patient selection for 
CRT. A subsequent study analyzed the factors associated 
with clinical improvement and decrease left ventricular 
end systolic volume in the patient population of PROS-
PECT. Patients with higher percentage of volumetric im-
provement (reduction greater than or equal to 30%) were 
female with nonischemic cardiomyopathy, wider QRS 
complex and with more evidence of dyssynchrony. Advan-
ced Class IV heart failure in the NYHA classification and 
history of ventricular tachycardia were associated with a 
negative response characterized by increased left ventri-
cular systolic volume.119

In another recent clinical trial including 239 patients 
undergoing CRT, the predictive value of the time to peak 
systolic velocity and peak systolic deformation using tis-
sue Doppler in the four basal segments, was evaluated. 
Median follow up was 20 months and mortality was 33%. 
The maximum delay in reaching the peak systolic velocity 
was found to be an independent predictor value of lower 
cardiac mortality after CRT with a relative risk of 0.46.120 
PROMISE-CRT was a prospective multicenter study of nine 
centers in Minnesota (United States) in which 71 patients 
were studied with tissue Doppler and speckle tracking 
prior to CRT. Improvement in mechanical dyssynchrony 
was not associated with clinical response but changes 
in radial dyssynchrony determined with speckle tracking 
were associated with reduction in ventricular volume, su-
ggesting reverse remodeling.121

The RethinQ study the role of CRT in patients with 
narrow QRS (defined in the study as less than 130 milli-
seconds) and evidence of mechanical dyssynchrony. The 
technique included M-mode echocardiography and delay 
in opposite walls determined with pulsed tissue Doppler. 
The results were disappointing. The improvement in peak 
oxygen consumption during cardiopulmonary exercise tes-
ting, mortality, quality of life and 6 min walk were evalua-
ted showing no difference between patients receiving CRT 
and controls. While the idea of resynchronizing a heart 

that shows no electrical dyssynchrony could be conside-
red unreasonable, measurements of mechanical dyssyn-
chrony and its previous validation, even among patients 
with heart failure and narrow QRS has maintained interest 
on this population.122

 

Discussion 
While there is continuous search for novel techniques 0f 
assessing ventricular dyssynchrony, the complexity of the 
patho-physiological process of heart failure, have made 
the practical and clinical application of these techniques 
a big puzzle to be solved. Judging the clinical response 
to CRT has been nothing less than controversial. While it 
is true that a considerable proportion of patients do not 
show significant clinical improvement to CRT, they still 
might be receiving a less obvious benefit. The definition 
of favorable clinical response is particularly difficult to 
assess in heart failure. Clinical evaluation systems that 
take into account the patient’s responses to standari-
zed quality of life questionnaires, 6 minute walk, NYHA 
functional class, recurrent hospital admissions, ejection 
fraction, measures of left ventricular geometry and survi-
val are some of the frequently used criteria to assess res-
ponse to treatment in heart failure.122 Slowing or stopping 
the progression of heart failure, measurements of syste-
mic inflammation, neurohumoral activity and changes at 
the genetic and histological levels among others, are also 
potential benefits that have been suggested as a result 
from CRT but more difficult to quantify with precision and 
reproducibility in a large-scale clinical trial.123-126 These 
more subtle effects may lead to a decrease or delay in 
long term morbidity and mortality without the patient ne-
cessarily experiencing subjective clinical improvement 
in the short term. So far there is no clear consensus on 
the best way to measure the patient’s response to a the-
rapeutic modality and what parameters have definitive 
prognostic value. Patients who are considered treatment 
failures by the criteria of some clinical studies could still 
received benefits from the treatment that goes unnoticed 
due to the design of the study.

Multiple comorbidities and the dynamic nature of its 
progression, often present in patients with advanced sys-
tolic failure may confuse the interpretation of the clinical 
response to CRT. These include cardiac arrhythmias, ane-
mia, lung disease, pulmonary hypertension, valvular heart 
disease, right ventricular failure and renal insufficiency, 
among others. Many of these conditions have been identi-
fied as factors that reduce the clinical response to CRT.127-

134 At the present time we do not have adequate tools 
to accurately predict the progression of the disease in a 
particular patient. The point in the progression of the di-
sease at which the resynchronization device is implanted 
and the rate of the disease progression can be decisive in 
the patient’s clinical “response”.

Technical difficulties implanting the coronary sinus 
lead is a major limiting factor in the clinical evaluation of 
CRT devices. The anatomy of the coronary sinus is often 
a determinant factor in the position of the lead. Although 
the operator could accurately identify the ideal segment 
to stimulate, the anatomy of the coronary sinus may not 
necessarily provide an appropriate branch for a stable 
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lead in that area. Furthermore, there is risk of phrenic 
nerve stimulation, which runs in close proximity to the 
lateral free wall of the left ventricle, where quite often a 
suitable ideal branch for the lead placement is found.135-138

Right bundle branch block has been recognized as ano-
ther negative prognostic factor for response to CRT,139-142 
however at least two retrospective studies with limited 
number of patients found that patients with right bundle 
branch block and left anterior fascicular block are more 
likely to receive a benefit from these devices.143,144 Just 
like not all patterns of left bundle branch block reflect 
the same conduction system defect,49 right bundle branch 
block may also be present in hearts with different de-
grees of dyssynchrony; in some cases enough to benefit 
from resynchronization. While the widening of the QRS 
complex is usually the result of a conduction defect, in an 
individual patient it may correspond to myocardial disea-
se per se, and thus the assessment of myocardial reserve 
and viability appear important in predicting the response 
to CRT. 

All the techniques discussed in this manuscript have 
shown in a variety of studies their value and ability to pre-
dict clinical response and prognosis in patients who are 
considered candidates for CRT. We have intentionally not 
included in this work AV or interventricular optimization, 
a subject which in itself is a vast field of controversial 
research and clinical practice that could be considered 
another factor in CRT response.145-153 The task would be to 
create a combination of techniques and parameters with 
the best reproducibility, lowest cost and highest prognos-
tic value. An ideal method should identify and characteri-
ze the presence and quality of electrical and mechanical 
dyssynchrony and their correspondence; at the same time 
be able to identify the presence, extent and distribution 
of myocardial viability and scar tissue, yielding the hig-
hest positive predictive value for the reverse remodeling 
process, clinical response and survival in a prospective 
multicenter clinical trial including a large patient popula-
tion. Additional benefits of this method would include its 
ability to identify the ideal position for the electrode 
catheter, and the availability of target veins. 

Conclusions 
While it is true that a proportion of patients receiving CRT 
devices do not appear to respond clinically to this mode 
of treatment and even a smaller proportion could wor-
sen, the clinical results obtained applying the current se-
lection criteria are impressive considering the relatively 
crude technique of implantation and the overwhelming 
volume of limitations and adverse clinical situations. Des-
pite tremendous progress in the technology available for 
the assessment and diagnosis of ventricular dyssynchrony, 
the ideal method has not been identified. At present, the 
duration of the QRS complex in the surface ECG remains 
the most reliable criteria for selecting patients who may 
respond to CRT. Inclusion or exclusion criteria based on 
images of dyssynchrony will have to go through the slow 
and costly process of prospective multicenter clinical 
trials before being widely accepted and recommended as 
clinically useful. Meanwhile, the use of these technolo-
gies in clinical practice should be framed in the process of 

gathering information in the form of databases or clinical 
trials in order to generate knowledge or as an additional 
tool for clinical judgment in particularly difficult cases 
looking for very specific answers; otherwise its routine 
use at present would be no more than an exercise of good 
will with good intentions and uncertain results.
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