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Heart failure is one of the major causes of mortality, morbidity,
and hospitalization in patients older than 60 years, accounting for
1 to 2% of the total expenditure in the health sector in the United
States (approximately 20 billion dollars per year!)1,2. Despite the
great advances in therapy, the morbidity and mortality rates still
remain high3. Cardiac resynchronization therapy (CRT) was intro-
duced in the beginning of the 1990’s and rapidly developed until its
approval in 2001 by the FDA (Food and Drugs Administration)4.

In the American Heart Association guidelines, CRT has been
considered to be IIA evidence level5. Those guidelines were based
on 2 large trials: the MUSTIC6 and the MIRACLE7. In both, the
inclusion criteria were similar: a) significant heart failure despite
appropriate therapy; b) low ejection fraction; and c) broad QRS
with left bundle-branch block pattern (duration>120 ms). Both
studies have confirmed that CRT significantly improves symptoms,
tolerance to exercise, and quality of life. Nevertheless, 20% to
30% of the patients do not improve with CRT8, emphasizing the
need for new criteria of patients’ selection.

Recent studies have reported that mechanical dyssynchrony
is not always related to electrical dyssynchrony9,10, and that the
presence of ventricular dyssynchrony is the best predictor of a
good response to resynchronization therapy. In reality, some patients
with broad QRS may not have mechanical dyssynchrony while
others with narrow QRS may11-13.

Although QRS duration is a good prognostic marker for mortality
in patients with heart failure and is present in more than 80% of
the individuals in the 2 months preceding death14,15, studies com-
paring QRS alterations with the clinical outcome of patients seem
to show little or no relation to prognosis16.

These data suggest that electrocardiography may not be the
best complementary diagnostic method for selecting candidates to
CRT. Other imaging techniques, particularly the new methods for
assessing ventricular function on echocardiography, seem to be
better for selecting patients who will best respond to resynchroni-
zation therapy.

Both the presence of broad QRS and the signs of interventricular

dyssynchrony are predictors of hospitalization and severe cardiac
events in patients with heart failure17,18.

Ventricular dyssynchrony

The mechanism of dyssynchrony includes regional delays of
both ventricular contraction and relaxation. The right ventricle
contracts during left ventricular telediastole leading to a septal
bulging towards the left ventricle. In addition, the delay in the
activation of the papillary muscles causes, or worsens, mitral
incompetence19. All such factors contribute to a reduction in the
ejection fraction and a worsening of the clinical symptoms.

Dyssynchrony may be inter- or intraventricular, and echocar-
diography may evaluate both types through several techniques.

One way of evaluating interventricular dyssynchrony is by mea-
suring the time between ventricular ejections. Conventional Doppler
measures the time interval between the R wave in the electro-
cardiogram and the beginning of the systolic waves of pulmonary
and aortic ejection (fig. 1). A delay greater than 60 ms between
those measurements indicates interventricular dyssynchrony. The
limitation of such method is that those measurements are not
taken simultaneously20-22.

Another way to assess delay is through the M mode, in which
the time between septal contraction and posterior wall contraction
is measured (fig. 2). This time is considered normal when under
130 ms23. In this case, the limitation is the fact that only the
middle regions of the septal and posterior walls are assessed.

Intraventricular dyssynchrony is considered one of the most
important aspects of electromechanical delay and may be assessed
through several echocardiographic techniques. The electrome-
chanical delay has been defined as the time between the beginning
of the QRS complex and the peak systolic wave of tissue Doppler
(echocardiographic technique that measures the velocity of myo-
cardial motion) in the corresponding myocardial segment (fig. 3).

Guidelines about this subject still lack, and several authors
have published studies proposing several indices for diagnosing inter-
and intraventricular dyssynchrony based on tissue Doppler techni-
ques. Yu et al11 studied 88 healthy individuals, 67 patients with
heart failure (CHF) and narrow QRS (<120 ms), and 45 patients
with CHF and broad QRS (>120 ms). The authors measured the
time between the beginning of QRS and the systolic peak on tissue
Doppler (electromechanical delay) in 12 myocardial segments. The
authors concluded that the following 2 parameters were indicators
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of intraventricular dyssynchrony: the maximum time difference
between 2 distinct segments greater than 100 ms; and a 33 stan-
dard deviation in the measurement of the 12 segments (named
dyssynchrony index). The authors showed lack of dyssynchrony in
the healthy group, 73% of dyssynchrony in patients with CHF and
broad QRS, and, the most interesting, 51% of dyssynchrony in
those with CHF and narrow QRS.

In other studies, dyssynchrony was assessed by using the measu-
re of electromechanical delay in the basal regions of the septal and
lateral walls. A difference greater than 60 ms (septolateral delay)
was used as a substantial indicator of dyssynchrony24-25 (fig. 4).

The intraventricular electromechanical delay may also be de-
monstrated by using the Tissue Tracking echocardiographic tech-
nique, which represents the integral of the velocity acquired by
the tissue Doppler. This technique depicts in color the myocardial
motion, from the basis to the ventricular apex. When there is no
motion, there is no color. If the systolic and diastolic phases of
the cardiac cycle are separately selected, the regions that are
contracting may be identified in the respective phases. The regions
that are colored in the diastolic phase represent a late myocardial
contraction (or postsystolic contraction) and may be easily evi-
denced by using that technique (fig. 5).

The postsystolic motion may be passive or active, in which case
it should be called postsystolic contraction or shortening. However,
care should be taken with patients with ischemic cardiomyopathy,
because that phenomenon is not only a signal of dyssynchrony, but
also a marker of ischemia or viability, or both, in akinetic or severely
hypokinetic segments. In such cases, it should not be used as a
useful criterion to assess a positive response to CRT26.

Automatic detection of dyssynchrony

Tissue synchronization imaging (TSI) is a new echocardiogra-
phic technique that encodes with colors the time intervals between
the beginning of the QRS complex and the peak-systolic of tissue
Doppler in each myocardial point. It allows the real time visuali-
zation of dyssynchronous segments by superimposing the images
of such time data over those of 2-dimensional echocardiography.
This analysis may be performed in all myocardial segments, but it
should be carefully used in the apical segments. The principle is
very simple: when the interval up to the peak-systolic (time to
peak) is normal, the myocardium is represented in green; when
the interval is between 150 and 300 ms, it is represented in
yellow; and when it is greater than 300 ms, in red27. The result
is very interesting and is shown in figure 6.

Selection of patients for implantation of
biventricular pacemaker

Few published studies have used echocardiography as a tool for
choosing patients for biventricular pacemaker implantation. One of
them28 has assessed 42 individuals with a pacemaker in the RV, 26
of whom had normal ejection fraction, and 16 had impairment of
the systolic function and clinical findings of CHF. An electromechanical
delay greater than 50 ms identified patients with significant dyssyn-
chrony. No correlation was observed between dyssynchrony and broad
QRS in patients with CHF. If only the electrocardiographic criterion
had been used for biventricular pacemaker implantation, 44% of the
patients with dyssynchrony would have been excluded, showing the
importance of performing echocardiography.

More studies in this area are required to definitively validate that

Fig. 1 - Mechanical interventricular delay measured in a patient with heart failure and left bundle-branch block. A) Time between QRS and aortic ejection of 230 ms. B) time
between QRS and pulmonary ejection of 66 ms. The difference between those 2 measurements is the mechanical delay between the ventricles (164 ms, in this case).
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Fig. 2 - Measurement of the interventricular delay in the M mode (RV - right
ventricle; LV - left ventricle).
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methodology. This review, however, suggests that the criteria for
biventricular pacemaker implantation should be revised and tissue
Doppler echocardiography should be used for selecting such patients.

Where should the electrode be implanted?

Tissue Doppler may help in determining the ideal site for im-
planting the electrode within the coronary sinus.

The best site for implantation, ie, the site where the best
ventricular response is obtained (gain in ejection fraction), has already
been documented as that with the greatest electromechanical delay.
This site is in the lateral wall in 35% of the cases, in the anterior
and posterior walls in 26% and 23%, respectively, and rarely in the
inferior and septal walls (16%)29.

The objective of the resynchronization therapy is to activate
the site with the greatest electromechanical delay; therefore, the

Fig. 3 - Quantification of the intraventricular electromechanical delay on tissue Doppler. In this example, the blue and yellow curves represent the velocities of myocardial motion
in the middle regions of the septal and lateral walls, respectively (LA - left atrium; LV - left ventricle).
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Fig. 4 - Measure of the electromechanical delay in the basal regions of the septal (green curve - 500 ms) and lateral (yellow curve - 235 ms) walls. A difference greater than
60 ms is highly indicative of intraventricular dyssynchrony. The red dotted lines delimitate the ventricular ejection period.
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determination of such site is directly linked to a successful proce-
dure. And, in fact, Ansalone et al29 have demonstrated that the best
result was obtained in patients whose electrodes were implanted
according to the site with the greatest electromechanical delay,
determined on echocardiography.

Echocardiographic markers indicating
improvement with CRT

The most evident signs of improvement after biventricular pa-
cemaker implantation are the increase in ejection fraction, the
decrease in the degree of mitral incompetence, and the regression
in ventricular remodeling. However, echocardiography may provide
the following less evident markers: a) an improvement in the atrioven-
tricular activation assessed through the increase in the time velocity
integral of the aortic flow and extension of the time of diastolic
filling (assessed through mitral flow) in 10 to 20%; b) reversion of
the interventricular electromechanical delay assessed on tissue Dop-
pler. The MIRACLE study reported a 19% reduction in that marker30.
Yu et al31 reported a complete regression in the great interventricular
delay between the free wall of the RV and the lateral wall of the LV

after CRT; and c) intraventricular resynchronization. Several studies
have confirmed the normalization of the intraventricular delay by
using the different techniques above cited (M mode, pulsed Doppler
of the outflow tracts, and tissue Doppler)32-35.

Conclusion

Cardiac resynchronization therapy has been defined by studies
involving a reduced number of patients as an excellent therapeutic
option for patients with heart failure. However, approximately
30% of the cases have not responded adequately when the current
electrocardiographic criteria of indication were used. The evidence
above cited confirms that echocardiography seems to be the ide-
al complementary method to identify those patients who will be
effectively beneficiated by CRT. However, great studies definitively
validating the method are yet to be carried out.

In addition to the quantitative diagnosis of resynchronization, the
new echocardiographic techniques based on tissue Doppler (Tissue
Tracking, Strain Rate, and TSI) may aid in choosing the best site for
pacemaker electrode implantation with important benefits for the
procedure and in following up the patients in a noninvasive form.

Fig. 5 - Tissue Tracking technique showing the area of late contraction (arrow) of the interventricular septum.
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Fig. 6 - Left: Apical 4-chamber view showing electromechanical delay in the left ventricular lateral wall (red). Right: The same patient after resynchronization showing an
improvement in the color pattern (green), representing the reestablishment of contractile synchrony. LA - left atrium; PM - pacemaker electrode; RV - right ventricle; LV - left ventricle.
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