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A bout a third of patients with systolic
heart failure show widening of the
QRS complex on the surface ECG,

usually in combination with left bundle
branch block (LBBB).1,2 LBBB adversely
affects prognosis in patients with heart fail-
ure and is also associated with increased
overall mortality and higher risk of sudden
death.3,4 Furthermore, LBBB causes a delay
in the activation and hence in the depolari-
sation and systole of the left ventricle, par-
ticularly its inferior and posterolateral seg-
ments. This delay results in a loss of syn-
chronisation between the two ventricles (in-
terventricular dyssynchrony), or among the
various segments of the left ventricle (intra-
ventricular dyssynchrony) during systole. It
is also well-established that patients with
heart failure exhibit a third type of dyssyn-
chrony, attributed to the asynchronous con-
traction of atria and ventricles (atrioventric-
ular dyssynchrony).

The various types of ventricular dyssyn-
chrony have adverse effects on myocardial
function, since they cause “paradoxical” mo-
tion of the interventricular septum, reduc-
ing its contribution to left ventricular systolic
performance; they prolong isovolumic con-
traction and relaxation, reduce left ventricu-
lar diastolic filling time and aggravate mitral
regurgitation. The final result of these chan-
ges is a reduction in stroke volume, ejection
fraction and cardiac output.5-8

Cardiac resynchronisation may be achiev-
ed through biventricular pacing, synchro-
nised with the atrial systole, or through left
ventricular pacing alone. Left ventricular
pacing is carried out using a special elec-
trode lead implanted via the coronary sinus,
preferably in the lateral or posterolateral
coronary vein. Alternatively, an epicardial
pacing lead may be placed via a small thora-
cotomy or via robotic-enhanced thoracos-
copy.9-13 Biventricular pacing accomplishes
the following: a reduction in the paradoxical
motion of the interventricular septum; a de-
crease in isovolumic contraction and relax-
ation times; an increase in diastolic filling
time; a reduction in mitral regurgitation; an
improvement in left ventricular function and
a reversal of ventricular remodelling.14 Ran-
domised, controlled clinical studies have
shown that resynchronisation therapy im-
proves heart failure symptoms, the patients’
functional capacity and their quality of life.15-18

The COMPANION trial, which was ended
prematurely in November 2002, showed that
the implantation of a biventricular pace-
maker resulted in a statistically significant
reduction in the combined primary endpoint
of the study (total mortality and total hospi-
tal admissions), while a statistically signifi-
cant reduction in total mortality alone was
only achieved by implantation of a biven-
tricular pacemaker-defibrillator.19 Further-
more, two meta-analyses of four (CONTAK-
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CD, InSync ICD, MIRACL∂ and MUSTIC)20 and nine
(MUSTIC-SR, MUSTIC-AF, Garrigue et al, PATH-
CHF, CONTAK-CD, RD-CHF, MIRACL∂, MI-
RACLE-ICD, and COMPANION)21 large clinical stud-
ies, as well as a recent randomised study (CARE-HF)22

showed that biventricular pacing significantly reduces
overall mortality.

The contribution of echocardiography to the selection of
candidate patients for cardiac resynchronisation

The selection criteria for patients who will undergo re-
synchronisation therapy, as reported in the latest guide-
lines from the American College of Cardiology, Ameri-
can Heart Association and North American Society of
Pacing and Electrophysiology,23 were defined on the
basis of the inclusion/exclusion criteria of the MIRA-
CLE,16 MIRACLE-ICD17 and CONTAK-CD18 trials.
Based on these guidelines, biventricular pacing is indi-
cated in New York Heart Association (NYHA) func-
tional class III or IV patients with drug-refractory di-
lated or ischaemic cardiomyopathy, with a prolonged
QRS complex (≥130 ms), left ventricular end-dias-
tolic diameter ≥55 mm and ejection fraction ≤35%
(indication: class IIa, level of evidence A).

In spite of the large amount of evidence providing
ample proof of the benefits that result from biventricu-
lar pacing, around 30% of patients with heart failure,
prolonged QRS and LBBB show no favourable response
to resynchronisation therapy.24-26 Recent data cast doubt
on the value of QRS duration as a predictive index for
the response to resynchronisation therapy.24,27-31 Accord-
ing to data from the InSync Italian Registry,25 width of
QRS, previous hospitalisations for heart failure, ejection
fraction and NYHA functional class were unable to
predict a favourable clinical response to biventricular
pacing.

In addition, results from other studies have shown
that QRS duration is not an appropriate index for the
estimation of mechanical dyssynchrony.32 Yu et al33 de-
monstrated in a recent study that a significant percent-
age of patients (>40%) with systolic heart failure and
normal QRS duration showed dyssynchrony in left ven-
tricular systolic and diastolic function, while in the same
study the degree of left ventricular dyssynchrony was
not related to the QRS duration. Ghio et al reported
that 12.5% of patients with left ventricular systolic dys-
function (ejection fraction ≤35%) and QRS duration
<120 ms showed significant interventricular dyssyn-
chrony, while 29.5% had significant intraventricular
dyssynchrony.34 Also, according to Bader et al, 56% of

patients with QRS width <120 ms showed significant
intraventricular dyssynchrony, while there was no sig-
nificant correlation between the width of the QRS com-
plex and inter- or intraventricular dyssynchrony.35 In a
recent study, Bleeker et al found that 27% of patients
with severe heart failure (NYHA class III-IV, ejection
fraction ≤35%) and QRS <120 ms showed significant
intraventricular dyssynchrony, while 30-40% of patients
with QRS >120 ms had no intraventricular dyssyn-
chrony, which probably explained their lack of response
to resynchronisation therapy.36 The same group of in-
vestigators, verifying the above results, found that one
third of patients with heart failure (ejection fraction
≤35%) and a narrow QRS (≤120 ms) showed signifi-
cant intraventricular dyssynchrony, while they observed
no correlation between QRS duration and the degree
of intraventricular dyssynchrony.37

The differences between the percentages reported
above for the prevalence of dyssynchrony in patients
with heart failure and normal QRS duration could be
partly attributed to the different parameters used to as-
sess dyssynchrony in the individual studies. It should be
noted that recent studies have shown that biventricular
pacing38 and left ventricular pacing39 in patients with
heart failure, echocardiographic evidence of intra- and
interventricular dyssynchrony, but a normal QRS dura-
tion, are associated with a significant improvement in
functional, haemodynamic and clinical parameters, in-
cluding ejection fraction, NYHA functional class, and
left ventricular end-diastolic and end-systolic diameters.

Thus, given the limited value of QRS duration in
the assessment of mechanical dyssynchrony and in the
prediction of the response to resynchronisation thera-
py, it has been proposed that the quantitative evalua-
tion of mechanical dyssynchrony should be per-
formed directly using imaging techniques, especially
echocardiography.

Interventricular dyssynchrony

Patients with left ventricular dysfunction may exhibit
dyssynchrony between the right and left ventricular sys-
tole. The most widely used index of interventricular
dyssynchrony is the interventricular mechanical delay,
which is defined as the difference between the pre-ejec-
tion period of the left ventricle, i.e. the time from the
beginning of the QRS to the onset of aortic flow (begin-
ning of the aortic flow envelope on the pulsed Doppler
tracing), and the pre-ejection period of the right ventri-
cle, i.e. the time from the beginning of the QRS to the
onset of pulmonary artery flow (start of the pulmonary
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artery flow envelope on the pulsed Doppler tracing)
(Figure 1). The normal value of interventricular me-
chanical delay is around 8 ms,5 while a cut-off value of
40 ms has been proposed as a marker of significant in-
terventricular dyssynchrony.40 Additionally, values for
left ventricular pre-ejection period longer than 140 ms
are indicative of significant interventricular dyssynchro-
ny (normal values 93 ± 14 ms)40 (Figure 2).

The assessment of interventricular dyssynchrony
may also be performed using tissue Doppler imaging
(TDI), which enables the measurement of the peak sys-
tolic velocities of the right ventricular wall and of the
lateral wall of the left ventricle in the apical four-cham-

ber view, as well as the time of their occurrence in rela-
tion to electrical activity (onset of the QRS on the ECG),
expressed by ∆S (S=systolic, Figure 3). Yu et al showed
that the difference between the TS of the lateral left ven-
tricular wall and the TS of the right ventricle was an in-
dex of interventricular mechanical delay, which was re-
duced during biventricular pacing.8 However, recent
studies have cast doubt on the usefulness of interven-
tricular mechanical delay in the identification of patients
who will show a beneficial response to biventricular
pacing and have suggested that the estimation of intra-
ventricular dyssynchrony is more suitable for that pur-
pose.41,42

Echocardiography and Cardiac Resynchronisation
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Figure 1. Improvement in interventricular mechanical delay following implantation of a biventricular pacemaker. The interventricular me-
chanical delay was reduced from 64 ms before implantation (intrinsic rhythm: A, B) to 10 ms after resynchronisation therapy (biventricular
pacing: C, D).



Intraventricular dyssynchrony

The delay in the electromechanical activation of the
various segments of the left ventricle may be assessed
by a number of different echocardiographic parame-
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Figure 2. Patient with a particularly prolonged left ventricular pre-
ejection period (315 ms), which is an index of significant interven-
tricular dyssynchrony. The pre-ejection period was measured as
the interval from the onset of the QRS to the onset of aortic flow
(start of the aortic flow envelope on pulsed Doppler). AVPEP –
aortic valve pre-ejection period.

ters, of which the most widely used is the intraventric-
ular delay. Pitzalis et al41 used M-mode echocardiog-
raphy to evaluate intraventricular dyssynchrony, cal-
culating the delay of the inward movement of the left
ventricular posterior wall in relation to the motion of
the interventricular septum (septal-posterior wall mo-
tion delay). However, intraventricular dyssynchrony is
mainly assessed using TDI, which allows the evalua-
tion of the functioning of both longitudinal and radial
myocardial fibres. A difference >60 ms between the
time of occurrence of the peak systolic velocity of the
basal lateral left ventricular wall and that of the basal
interventricular septum is indicative of significant in-
traventricular dyssynchrony43,44 (Figure 4).

Intraventricular dyssynchrony of the left ventricle
may also be evaluated from measurement of the TS (as
defined above) of the septal, lateral, anteroseptal, pos-
terior, anterior and inferior left ventricular wall at both
basal and mid levels, followed by calculation of the
maximum difference between any two of the estimated
TS values and the standard deviation of TS (TS-SD) of the
twelve myocardial segments. The higher the value of
TS-SD, the greater the intraventricular dyssynchrony.8

Yu et al, using a cut-off value for TS-SD of 32.6 ms (mean
value + 2 standard deviations from the distribution of
a large control population) as an index of severe in-
traventricular dyssynchrony, found that 43% of pa-

Figure 3. Assessment of interventricular dyssynchrony with the aid of tissue Doppler imaging. A: Measurement of the time interval from
the start of the QRS to the occurrence of the peak systolic velocity of the left ventricular lateral wall in the apical four-chamber view (later-
al wall TS). B: Measurement of the time interval from the beginning of the QRS to the occurrence of the peak systolic velocity of the right
ventricular wall in the apical four-chamber view (right TS). The difference [lateral wall TS - right TS] is an index of interventricular dyssyn-
chrony.



tients with heart failure and a narrow QRS and 64% of
those with a wide QRS had dyssynchrony.8

It should be noted that during the assessment of
both inter- and intraventricular dyssynchrony using
TDI, velocity measurements in real time can normally
be made only once in a given cardiac cycle, which re-
sults in a considerable degree of variation due to the
heart rate, ventricular loading and respiration. This
technical difficulty can be overcome by performing off-
line multiple measurements in a given cardiac cycle by
using digitally stored TDI recordings, or by using com-
mercially available software that allows the making of
simultaneous multiple-site measurements in real time.

Notabartolo et al45 proposed a new TDI index for
the assessment of intraventricular dyssynchrony, the
peak velocity difference, which is defined as the maxi-
mum difference in time to peak velocity between any
of the basal segments of the septal, lateral, inferior,
anterior, anteroseptal and posterior walls immediate-
ly below the mitral annulus.

Two new echocardiographic techniques, tissue track-
ing and strain rate analysis, have also been used for the
evaluation of intraventricular dyssynchrony. Tissue track-
ing is a parametric imaging method that requires cor-
rect synchronisation with the phases of the cardiac cycle
and allows colour imaging of the displacement of the

myocardial walls in the direction of the long axis of the
left ventricle. Strain rate analysis, which is a develop-
ment of TDI, expresses the rate of myocardial distor-
tion and is superior as regards the better discrimination
between active systole and passive displacement of the
wall, especially in segments with scar tissue. Limitations
in its use are a poor signal to noise ratio and low repro-
ducibility because of inter-observer variability.46,47

A wealth of evidence supports the value of intra-
ventricular dyssynchrony as a predictive index for the
response to cardiac resynchronisation therapy. Bax et
al44 found that the sole predictive factor of improve-
ment in ejection fraction following resynchronisation
therapy was the presence of significant intraventricular
dyssynchrony in the left ventricle. In a recent study, the
same group of researchers reported that patients with
an intraventricular delay ≥65 ms showed a favourable
response and had an excellent prognosis after implan-
tation of a biventricular pacemaker. The presence of
baseline intraventricular dyssynchrony, using a cut-off
value of 65 ms, had a sensitivity and specificity of 80%
in predicting clinical improvement and 92% in predict-
ing reverse left ventricular remodelling.48 Similarly,
Pitzalis et al reported that patients with an intraventric-
ular delay ≥130 ms – time difference between the peak
systolic motion of the interventricular septum and the

Echocardiography and Cardiac Resynchronisation
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Figure 4. Evaluation of intraventricular dyssynchrony with the aid of tissue Doppler imaging. A: Measurement of the time interval from the on-
set of the QRS to the occurrence of the peak systolic velocity of the left ventricular lateral wall in the apical four-chamber view (lateral wall TS).
B: Measurement of the time interval from the onset of the QRS to the occurrence of the peak systolic velocity of the interventricular septum
(septal TS). Intraventricular delay is defined as the difference between these two values [lateral wall TS – septal TS] and is an index of intraven-
tricular dyssynchrony.



posterior wall, as measured by M-mode in the short
parasternal axis at the level of the papillary muscles –
responded favourably to resynchronisation therapy,
demonstrating left ventricular reverse remodelling41 as
well as long term clinical improvement, assessed on the
basis of delayed heart failure progression.49

In a recent study, Penicka et al confirmed the val-
ue of intraventricular dyssynchrony in the prediction of
a beneficial therapeutic effect of biventricular pacing,
while also showing that the index with the highest pre-
dictive accuracy (highest sensitivity and specificity) was
the sum of inter- and intraventricular dyssynchrony, us-
ing a cut-off value of 102 ms.31 Finally, Notabartolo et al
found that among patients with heart failure and QRS
duration >120 ms who underwent cardiac resynchroni-
sation therapy, those with peak velocity difference
>110 ms showed a favourable response, with improve-
ment in clinical and echocardiographic parameters.45

Taking into consideration the existence of multiple
echocardiographic indices that have been proposed as
useful in predicting a favourable response to cardiac re-
synchronisation therapy, Yu et al50 compared the rela-
tive prognostic value of various echocardiographic pa-
rameters based on TDI and strain rate in predicting left
ventricular reverse remodelling three months after re-
synchronisation therapy. The investigators concluded
that the TS-SD index (standard deviation of the time to
peak systolic velocity of the twelve left ventricular seg-
ments, as assessed by TDI) was the most powerful pre-
dictor of left ventricular reverse remodelling in patients
with heart failure of either ischaemic or non-ischaemic
aetiology. In addition, the same study concluded that
interventricular dyssynchrony and parameters of strain
rate imaging could not predict left ventricular reverse
remodelling following resynchronisation therapy.50

In view of the contribution of echocardiography
to the assessment of mechanical dyssynchrony and
the prediction of the likely response to resynchronisa-
tion therapy, recent clinical studies have included
among their enrolment criteria echocardiographic in-
dices of left ventricular dyssynchrony. The CARE-HF
trial,22 which was designed to evaluate the long term ef-
fect of atrio-biventricular cardiac resynchronisation on
the mortality of patients with heart failure, enrolled pa-
tients with long QRS duration (>150 ms) as well as pa-
tients with QRS duration between 120 and 150 ms and
left ventricular dyssynchrony, based on the presence of
two of the following three echocardiographic criteria:

ñ Left ventricular pre-ejection period >140 ms;
ñ Interventricular mechanical delay >40 ms;
ñ Delayed activation of the left ventricular pos-

terolateral wall, defined as the maximal postero-
lateral wall inward movement, using M-mode or
tissue Doppler echo, occurring later than the
start of left ventricular filling, using the transmi-
tral Doppler flow signal.

According to the findings of this study, resynchroni-
sation therapy in the above patient population was asso-
ciated with a statistically significant reduction in total
mortality (p=0.0019), as well as in the combined end-
point of total mortality or an unplanned hospitalisation
for a major cardiovascular event (p<0.001), over a
mean follow up period of 30 months.22 It is noteworthy
that for every nine biventricular pacemakers implanted,
one death and three hospitalisations for major cardio-
vascular events were prevented.22 This favourable effect
was in addition to the benefit derived from the pharma-
cologic therapy and was similar to the corresponding re-
duction in the risk of death achieved by the administra-
tion of beta-blockers compared to placebo in similar pa-
tient populations.22,51 The hazard ratio for death among
patients who received a biventricular pacemaker in the
CARE-HF trial was similar to that achieved in the
biventricular-defibrillator arm of the COMPANION tri-
al, where as stated above the implantation of a biventric-
ular pacemaker alone was not associated with a signifi-
cant reduction in total mortality. The greater efficacy of
resynchronisation therapy in the CARE-HF trial, as
shown by the reduction of the “hard” endpoint of total
mortality, which had not been observed in any previous
study, probably reflected the better selection of candi-
date patients for biventricular pacing, given that the se-
lection process took account of the presence of dyssyn-
chrony as assessed by the three criteria given above. In
consequence, assessment of mechanical dyssynchrony is
of primary importance for the correct choice of suitable
candidate patients who may be expected to reap the
greatest possible benefit and to prolong their expected
survival following this invasive therapy.

The contribution of echocardiography to pacing lead
implantation and left ventricular pacing

Although it is well known that imaging of the coronary
sinus can be performed in the haemodynamic laborato-
ry with injection of contrast medium, or indirectly fol-
lowing coronary angiography, an initial echocardio-
graphic evaluation of its anatomical position may also
be useful. Echocardiography is unable to visualise the
coronary veins in which the left ventricular pacing lead
will be placed, but imaging of the ostium and the body
of the coronary sinus is feasible (Figure 5). There is
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thus the possibility of excluding pre-procedurally the
presence of a suitable coronary sinus anatomy for trans-
venous implantation of the left ventricular lead and tak-
ing the decision to place the left pacing lead epicardial-
ly. Bashir et al recently showed that using transoe-
sophageal echocardiography to image the coronary si-
nus ostium throughout the procedure reduces the time
required for catheterisation of the coronary sinus and
implantation of the left ventricular lead.52 Additionally,
continuous echocardiographic monitoring allows the
evaluation of left ventricular function and the immedi-
ate recognition of possible complications, such as car-
diac tamponade.

Using tissue Doppler imaging, it is also possible
to identify the segment of the left ventricle with the
greatest electromechanical delay, which is the ideal
site for implantation of the left ventricular lead. An-
salone et al53 found that the greatest improvement in
left ventricular performance after biventricular pacing
in patients with non-ischaemic heart failure was demon-
strated in those who were paced at the most delayed
segment of the left ventricle. However, it must be em-
phasised that the echocardiographic identification of
the optimum implantation site for the left electrode is
often of limited practical value, since the anatomy of
the coronary veins at the most delayed left ventricular
site may not be suitable for pacing lead implantation.
Furthermore, it is not clear whether pacing of regions
with scar tissue, even when these show the greatest
electromechanical delay, is associated with a clinical
benefit following resynchronisation therapy, a point
that reflects the importance of the underlying aetiolo-
gy of the heart failure.

Echocardiography and Cardiac Resynchronisation
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Figure 5. Transoesophageal view from the mid oesophagus for the
imaging of the coronary sinus ostium (white arrow).

The contribution of echocardiography to programming
the optimum atrioventricular and interventricular delay

Determining the ideal functional parameters of a bi-
ventricular pacemaker and programming it accordingly
are of primary importance to ensure the greatest possi-
ble benefit from cardiac resynchronisation therapy. In
spite of data indicating that the greatest haemodynam-
ic and clinical improvement in patients with heart fail-
ure, of either ischaemic or idiopathic origin, may be
achieved through biventricular pacing with small or
medium atrioventricular (AV) delays (80-120 ms),54

the optimum AV delay should be determined for each
patient individually with the aid of echocardiography.
A sequence of AV delay settings are programmed in
every patient, in order to determine the value which
maximizes mitral flow (maximum velocity-time integral
of transmitral flow) and optimises the left atrial contri-
bution to left ventricular filling (separation between
the E and A waves).

It is important to note that the programmed AV
delay during atrial pacing must be greater than the
AV delay during atrial sensing, because of the en-
dogenous delay between right atrial pacing and left
atrial systole. Programming the paced AV delay on
the basis of the optimal sensed AV delay, without
taking into account the endogenous interatrial con-
duction delay, will result in almost simultaneous left
atrial and left ventricular contraction during pacing,
thus failing to optimise left ventricular filling and
cardiac output. It is noteworthy, however, that it has
not yet been fully elucidated whether the primary
aim of resynchronisation therapy should be the opti-
mization of AV delay or ventricular resynchronisa-
tion (interventricular or intraventricular).

Another parameter of biventricular pacing that must
be programmed with the aid of echocardiography is the
interventricular (VV) delay. Sogaard et al55 and Mor-
tensen et al56 confirmed the value of echocardiographic
detection of the optimum VV delay, showing that bi-
ventricular sequential pacing with a VV delay deter-
mined individually for each patient with the aid of TDI
provides an additional benefit in comparison with the
simultaneous pacing of both ventricles in patients with
severe heart failure and LBBB. These findings were re-
cently verified by Bordachar et al, who found that indi-
vidually optimised sequential biventricular pacing in pa-
tients with heart failure significantly increased ejection
fraction and cardiac output, reduced mitral regurgita-
tion, improved all parameters of intraventricular dys-
synchrony and significantly enhanced left ventricular re-



verse remodelling, in comparison with simultaneous
biventricular pacing.57

For the determination of the optimal VV delay the
following parameters should be evaluated: a) transmi-
tral flow; b) the rate of change in pressure within the
left ventricle (dp/dt), calculated from the continuous
wave Doppler mitral regurgitation spectral signal;
c) interventricular dyssynchrony, using TDI of the
basal  segment  of  the  interventricular  septum  and
the left ventricular lateral wall; and d) the end-expi-
ratory velocity time integral of aortic flow, thus avoid-
ing  respiration-related  variance  of  the  calculated
values.

The contribution of echocardiography to the assessment
of the response to resynchronisation therapy

A number of studies have demonstrated the contribu-
tion of echocardiography to the evaluation of the clini-
cal result of biventricular pacing, and based on their
findings patients have been classified as either respon-
ders or non-responders. Ansalone et al53 found that af-
ter biventricular pacing patients showed a reduction in
left ventricular end-diastolic and end-systolic volumes,
a reduction in isovolumic contraction time and an in-
crease in ejection fraction, narrowing of the QRS com-
plex on the 12-lead surface ECG and an improvement
in symptoms and in NYHA functional class. Penicka et
al reported an improvement in left ventricular function
after six months’ biventricular pacing in patients who
had TDI-determined inter- or intraventricular dyssyn-
chrony.31 Kawaguchi et al used contrast echocardiogra-
phy to show that left ventricular pacing alone in pa-
tients with dilated cardiomyopathy improved dyssyn-
chrony in 50% of patients and eliminated the paradoxi-
cal motion of the interventricular septum.58

It should also be noted that despite the beneficial
effects of biventricular pacing on diastolic functional
parameters, such as an increase in diastolic filling time
and a reduction in isovolumic relaxation time, it has
been shown using echocardiography that the improve-
ment in left ventricular performance largely reflects en-
hanced systolic rather than diastolic function.53

TDI has also been used to assess the effect of bi-
ventricular pacing on right ventricular function. Cardiac
resynchronisation improves left ventricular function
without having any adverse effect on echocardiographic
indexes of right ventricular systolic or diastolic function,
such as the systolic S wave, the diastolic E and A waves
during a TDI study of tricuspid annulus motion, isovo-
lumic contraction and ejection time.59

As regards the effect of biventricular pacing in
patients  with  atrial  fibrillation,  the results  of  the
MUSTIC trial showed that twelve months after the
implantation of a biventricular pacemaker patients
with atrial fibrillation demonstrated a 4% increase in
left ventricular ejection fraction and a 50% decrease
in mitral regurgitation.60 Molhoek et al found that
patients with heart failure, LBBB and atrial fibrilla-
tion showed similar clinical benefit and survival to pa-
tients in sinus rhythm.61 Recent studies have shown the
beneficial haemodynamic effects of biventricular and
left ventricular pacing in patients who undergo AV
nodal ablation for drug-refractory atrial fibrillation.62

Specifically, left ventricular pacing has been shown to
increase ejection fraction and to reduce mitral regurgi-
tation in comparison with right ventricular pacing in
such patients, irrespective of systolic function impair-
ment or the presence of LBBB.63

Stellbrink et al found that six months after the im-
plantation of a biventricular pacemaker there was a re-
duction in the diameters and volumes of the left ven-
tricle (end-diastolic and end-systolic) and an increase in
ejection fraction, except for patients with a greatly in-
creased initial end-diastolic volume, who showed no re-
duction in left ventricular volumes.64 However, biven-
tricular pacing is not contraindicated in patients with
greatly dilated hearts, since the initial beneficial haemo-
dynamic effects of cardiac resynchronisation may lead
to an improvement in the patients’ symptoms in spite of
the absence of any reduction in their left ventricular
volume.

It should also be mentioned that the use of Dop-
pler echocardiography has led to the recognition of a
group of patients who do not benefit from biventricular
pacing, even though they show widening of the QRS
complex and a reduced initial dp/dt. This category is
made up of patients who show symmetrical conduction
delay along the interventricular septum and the left
ventricular lateral wall.65

Finally, using transthoracic and transoesophageal
echocardiography it has been found that cardiac resyn-
chronisation results in a reversal of left atrial remodel-
ling, an increase in total left atrial ejection fraction, as
well as a reduction in the incidence and intensity of
spontaneous echo contrast within the left atrium.66

Follow up of patients post-resynchronisation with the aid
of echocardiography

The correct management of a patient who has had a
biventricular pacemaker implanted presupposes the ap-
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plication of a complex strategy, which includes regular
clinical follow-up, optimisation of device programming
and pharmacological therapy, continuous education, as
well as repeated echocardiographic evaluation of car-
diac function.

With the aid of echocardiography it is possible to
assess what reduction has been achieved in intra- and
interventricular dyssynchrony by calculating the para-
meters described above (Table 1). In addition, all pa-
tients must undergo repeated checks of systolic and di-
astolic left ventricular function so that any need for a
change in the programming of the biventricular pace-
maker can be assessed at regular intervals.

Conclusion

An echocardiographic finding of mechanical dyssyn-
chrony appears to be an independent prognostic in-
dex—indeed a much more significant one than the
electrical dyssynchrony seen on the ECG—and can
make a crucial contribution to the correct selection of
patients who will respond to cardiac resynchronisa-
tion therapy.67

The use of echocardiography with the latest Dop-
pler techniques is emerging as an invaluable and essen-
tial tool, both in the selection of patients who will re-
spond to resynchronisation therapy in the form of biven-
tricular pacing, and in the setting of individual AV and
VV delays during the programming of the biventricular
device, in order that the patients may reap the maxi-
mum benefit from this vital pacing therapy. In the near

future, guidelines from cardiological societies must
surely include echocardiographic indexes for the selec-
tion of suitable candidates for cardiac resynchronisa-
tion therapy. In consequence, this electrical therapy
may bring benefit to more patients with heart failure
and at an earlier stage.
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