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Interventricular and intraventricular
dyssynchrony are common in heart failure
patients, regardless of QRS duration
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Aims The study aimed at evaluating the prevalence of interventricular and
intraventricular contractile dyssynchrony in heart failure patients with either normal
or prolonged QRS duration.
Methods and results Echocardiography and tissue Doppler imaging (TDI) were per-
formed in 158 consecutive patients with advanced left ventricular dysfunction
(LVEF<35%); 61 patients had a normal QRS duration (Group 1), 21 patients had left
bundle branch block with a QRS duration between 120 and 150 ms (Group 2) and 76
patients had a QRS duration P150 ms (Group 3). Interventricular dyssynchrony (de-
fined by the presence of an interventricular mechanical delay greater than 40 ms) was
found in 12.5%, 52.4% and 72% of patients in Group 1, 2 and 3, respectively
(p < 0:001). Intraventricular dyssynchrony (defined by the presence of one or more
differences greater than 50 ms among regional pre-ejection periods) was observed in
29.5%, 57.1% and 71% of patients in Group 1, 2 and 3, respectively (p < 0:001). No
relationship was found between interventricular and intraventricular dyssynchrony.
Conclusions A substantial proportion of heart failure patients with a slightly pro-
longed QRS or even with normal conduction may exhibit ventricular dyssynchrony.
Both standard echocardiography and TDI are necessary to describe the entire spec-
trum of mechanical abnormalities due to dyssynchrony.

�c 2003 The European Society of Cardiology. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Cardiac resynchronization therapy can improve cardiac
function and clinical status in patients with severe heart
failure and left bundle branch block.1–5 Since in initial
studies patients with a wide QRS seemed to benefit the
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most from biventricular pacing, most of the patients
enrolled in these trials had a QRS duration greater than
150 ms. More recently, it has been pointed out that even
patients with slightly prolonged or normal QRS may ex-
hibit dyssynchrony and are therefore potentially treat-
able by multisite pacing.6 However, the mechanical
abnormalities determined by the conduction distur-
bances in heart failure patients with either normal or
slightly prolonged QRS duration have not been fully
characterized. In fact the pathophysiology of abnor-
mal electrical conduction is complex.7;8 Ventricular
rdiology. Published by Elsevier Ltd. All rights reserved.
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dyssynchrony may be observed at different levels: in-
terventricular dyssynchrony refers to the delayed acti-
vation of one ventricle with respect to the other,
whereas intraventricular dyssynchrony refers to the late
activation of the lateral regions of the left ventricular
chamber as compared to the interventricular septum. We
still do not know whether there is a link between inter-
ventricular and intraventricular dyssynchrony, to what
extent they are related to QRS morphology, to etiology
of the disease or to the degree of left ventricular dys-
function. Focusing these issues is not only a matter of
pathophysiological relevance but it is also important to
solve the clinical problem of the identification of pa-
tients most likely to respond to cardiac resynchroniza-
tion therapy.

We therefore designed a transversal observational
study aimed at (1) defining the prevalence of interven-
tricular and intraventricular dyssynchrony in heart fail-
ure patients with either normal or slightly prolonged QRS
duration with respect to patients with wide QRS; (2)
evaluating the relationship between interventricular and
intraventricular dyssynchrony; (3) assessing whether or
not dyssynchrony is related to QRS morphology or to the
degree of left ventricular dysfunction. Standard echo-
cardiography and tissue Doppler imaging (TDI) were used
to provide a complete description of the mechanical
abnormalities due to dyssynchrony.
m
/eurheartj/article/25/7/571/654503 by guest on 21 August 2022
Methods

Patients

The patients included in the study were selected among those
referred to our department for heart failure diagnosis and man-
agement on the basis of the following inclusion criteria: (1) ad-
vanced systolic left ventricular dysfunction (left ventricular
ejection fraction <35%); (2) etiology due to primary dilated
cardiomyopathy (DCM), ischemic heart disease (IHD) or hyper-
tension with normal coronary arteries. We excluded patients
with: (1) non-sinus rhythm; (2) previous pacemaker implantation;
(3) right bundle branch block and (4) valvular heart disease. Al-
though we recognize that ventricular dyssynchrony may well be
observed in the categories of patients excluded from the study,
inclusion and exclusion criteria were selected in attempt to enrol
a fairly homogeneous series of patients. A total number of 158
patients were included between March 2001 and July 2002: 120
were males and 38 females; mean age was 54.4� 12.3 years;
etiology was DCM in 68%, IHD in 27% and hypertension in 5%; 71%
was in NYHA class II and 29% in class III or IV. All patients under-
went a standard 12-lead electrocardiogram and an ultrasound
examination which included a specific evaluation of interven-
tricular and intraventricular dyssynchrony. According to QRS
duration, the patients were divided into three groups: 61 patients
with a QRS duration <120 ms (Group 1), 21 patients with left
bundle branch block and a QRS duration between 120 and 150 ms
(Group 2) and 76 patients with a QRS duration¼ 150ms (Group 3).

Electrocardiography

Standard 12-lead electrocardiograms were acquired at a paper
speed of 25 mm/s and a scale of 10 mm/mV. The measurements
of PR interval and QRS duration (recorded from the surface leads
demonstrating the greatest values) and the assessment of QRS
axis and morphology were performed by an experienced ob-
server who was blinded to the echocardiographic characteristics
of the patient. The typical ECG feature of left bundle branch
block (LBBB) is a QRS duration P120 ms, no q-wave but slurred,
broad R waves in leads I, aVl and V6 and rS or QS deflections in
lead V1. When a left axis deviation greater than 30� was present,
associated with prominent S waves in leads II, III and V6, pa-
tients were classified as having “advanced left anterior hemi-
block”. A prolongation of the QRS which was not associated with
the typical features of bundle branch blocks was considered as
“aspecific intraventricular conduction delay”.
Standard echocardiography

A complete M-mode, 2-D and Doppler evaluation was performed
using a commercially available ultrasonographic equipment
(System 5, Vingmed, GE). Left ventricular end-diastolic and end-
systolic volumes and left ventricular ejection fraction were
calculated using the area-length method. Mitral regurgitation
was graded according to the jet area method. The right ven-
tricular end-diastolic diameter was determined in the para-
sternal view. The systolic displacement of the lateral portion of
the tricuspid annular plane was measured on the M-mode tracing
under the 2D-echo guidance.
Assessment of interventricular dyssynchrony

The aortic pre-ejection time was measured from the beginning
of QRS complex to the beginning of the aortic flow velocity
curve recorded by pulsed-wave (PW) Doppler in apical 5-cham-
ber view. The pulmonary pre-ejection time was measured from
the beginning of QRS complex to the beginning of the pulmonary
flow velocity curve recorded in the left parasternal view. The
difference between the two values determined the interven-
tricular mechanical delay (IVMD); an IVMD> 40 ms was consid-
ered as the cut-off value for interventricular dyssynchrony.
Assessment of intraventricular dyssynchrony

Color tissue Doppler imaging was acquired in 2-D mode from the
apical 4-chamber and 2-chamber views to assess myocardial
regional function. Off-line analysis of the mean velocity profiles
was performed at the level of the basal and medium segments of
the interventricular septum and of the lateral, inferior and an-
terior walls. The regional pre-ejection period was measured for
all segments from the beginning of QRS to the beginning of the
positive component of the regional systolic velocity (S2) (de-
fined by zero-crossing or, when this was not possible, as the
beginning of the upstroke of the velocity curve after the iso-
volumic contraction phase) (Fig. 1). All the possible differences
between the regional pre-ejection periods of the four basal
segments and between the regional pre-ejection periods of the
four medium segments were calculated. Intraventricular dys-
synchrony was considered to be present if one or more absolute
differences greater than 50 ms between two segments (“50 ms
delta”) were found either at basal or at medium level; the 50 ms
threshold was chosen as it represents 1 standard deviation of the
regional pre-ejection periods in the whole population enrolled in
the study. In addition, the standard deviation of all regional pre-
ejection periods was calculated in each patient as an index of
global intraventricular dyssynchrony. A qualitative analysis of
the regional systolic pattern was also performed, as previously
described by Ansalone et al.9 Patterns were identified according



Fig. 1 Tissue Doppler imaging in apical views in a patient with dilated cardiomyopathy. Samples are positioned in the annulus (yellow) and in the basal
(green) and medium (red) segments of each wall (left side of the pictures); the corresponding velocity profiles are displayed on the right side of the
pictures, where solid lines indicate the prejection period measurements. (a) Prejection period in the basal segment of the interventricular septum. (b)
Prejection period in the basal segment of the lateral wall. (c) Prejection period in the basal segment of the inferior wall. (d) Prejection period in the
basal segment of the anterior wall. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
paper.)
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to the presence or absence of S2 positive or negative compo-
nents: (pattern 1) (normal) defined by the presence of a single
positive S2 wave; (pattern 2) defined by the presence of an early
negative systolic component and a late positive systolic com-
ponent; (pattern 3) defined by the presence of an early positive
systolic component and a late negative systolic component;
(pattern 4) defined by the presence of a single negative systolic
movement. The interobserver and intraobserver variability was
computed in 10 consecutive patients and it was found to be
within acceptable limits for all tested variables (Lin correlation
coefficient >80%).
n 21 August 2022
Statistical analysis

The data are shown as mean values �SD for the continuous
variables (or median and inter-quartile ranges (IQR) for
skewed distributions) and as absolute or relative frequencies
for categorical variables. Due to the small number of patients
with hypertension, such patients were considered together
with DCM patients for statistical analysis. Patients character-
istics were compared by means of one way analysis of vari-
ance (overall comparison) and Scheff�e test (post hoc pairwise
comparisons) in case of continuous variables; the Fisher exact
test was used to compare categorical variables. A general
linear model was used to evaluate the association between
intraventricular dyssynchrony and QRS groups, while control-
ling for patients baseline characteristics (age, ejection frac-
tion, mitral regurgitation, left ventricular filling time); such
characteristics were selected on clinical grounds. As pre-
ejection times were measured for each patient in several
segments at the basal and medium levels, Huber White robust
standard errors were computed to account for intra-patient
correlation. No specific correlation structure was assumed in
calculating robust standard errors. Differences between QRS
groups were assessed while controlling for patients baseline
characteristics. The Kruskall Wallis test was used for the
overall comparison of the number of “50-ms delta” per pa-
tient in groups with different QRS duration. Spearman’s co-
efficient was calculated to evaluate correlations between QRS
duration and standard deviation of pre-ejection periods or
IVMD. The distribution of patients with intraventricular dys-
synchrony in the presence or absence of interventricular
dyssynchrony was compared by means of Fisher exact test;
the Kappa statistic and its standard error (SE) were calculated
to measure the agreement. Bonferroni correction was used for
post hoc pairwise comparisons (unless otherwise specified). A
2-sided p value <0.05 was retained for statistical significance.
The computations were made using Stata 7 (Stata Corp, Col-
lege Station, TX).
Results

Characteristics of the patients with or without
conduction delay

Patients with LBBB were older than patients with normal
QRS duration, had a greater functional impairment, a
more advanced left ventricular systolic dysfunction, a
higher degree of mitral regurgitation and a shorter left
ventricular filling time (see Table 1).
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Fig. 2 Relationship between the interventricular mechanical delay
(IVMD, ms) and QRS duration (QRS, ms) (n ¼ 158 patients, r ¼ 0:66,
p < 0:001).

Table 1 Clinical and echocardiographic characteristics of the patients according to QRS duration

QRS < 120 ms
(n ¼ 61)

QRSP 120 < 150 ms
(n ¼ 21)

QRSP 150 ms
(n ¼ 764)

p (overall)

Age (years) 48� 13 58� 6 58� 11 <0.001
Gender (f/m) 11/50 7/14 20/56 0.32
NYHA class II/III–IV (%) 83/17 74/24 59/41 0.015
LVEF (%) 26.9� 6.4 26.7� 6.3 23.4� 6.4 0.004
LVEDV (ml) 254� 85 272� 82 346� 125 <0.001
Mitral regurgitation absent or
mild/moderate (%)

80/20 48/52 47/53 0.001

LV filling time (% of RR) 44� 9 43� 11 39� 9 0.017

LVEF, left ventricular ejection fraction; LVEDV, left ventricular end diastolic volume and LV, left ventricular.
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Interventricular dyssynchrony

The pulmonary pre-ejection period was similar in the
three groups, whereas the aortic pre-ejection period was
longer in Group 3 than in Group 1 and 2 patients (re-
spectively, 169� 28 vs. 135� 29 vs. 122� 22, p < 0:05 all
group comparisons); this determined a greater IVMD in
patients with a QRS duration P150 ms (respectively
59� 29 vs. 43� 30 vs. 18� 20 ms, p < 0:05 all group
comparisons). Overall, a statistically significant correla-
tion was found between IVMD and QRS duration, although
in a context of wide scattering of the data (r ¼ 0:66,
p < 0:001) (Fig. 2). This correlation slightly improved if
patients with pulmonary hypertension (transtricuspid
pressure gradient >30 mmHg) and/or right ventricular
dysfunction (tricuspid annular plane systolic excursion
<14 mm) were excluded from the analysis (r ¼ 0:70).
Etiology (IHD or DCM or hypertension) was not related to
IVMD. A greater proportion of patients with interven-
tricular dyssynchrony (IVMD> 40 ms) was observed in the
groups with QRS duration P150 ms or between 120 and
150 ms as compared to patients with normal QRS dura-
tion (respectively, 12.5% in Group 1, 52.4% in Group 2
and 72% in Group 3 (overall comparison: p < 0:0001;
pairwise comparisons: p < 0:001 Group 2 and 3 vs. Group
1; p ¼ 0:24 Group 2 vs. Group 3)). Patients with inter-
ventricular dyssynchrony had a lower left ventricular
filling time than those without interventricular dyssyn-
chrony (respectively, 39� 9% vs. 45� 8%, p ¼ 0:0001).
On the contrary, ejection fraction and left ventricular
end-diastolic volume were similar in the two groups; the
NYHA class was also similar (respectively, 65.1% NYHA
class II and 34.9% NYHA class III or IV patients in the group
with interventricular dyssynchrony vs. 74.7% NYHA class
II and 25.4% NYHA class III or IV patients in the group
without interventricular dyssynchrony).
Intraventricular dyssynchrony

As shown in Table 2, the regional pre-ejection periods
were significantly different between QRS groups (overall
comparison: p < 0:0001 while controlling for patients
baseline characteristics; post hoc comparisons:
p < 0:001 Group 3 vs. Group 1 and p ¼ 0:015 Group 3 vs.
Group 2). In Group 1 patients the most delayed segment
was the medium anterior segment in 24.6% of cases. In
Group 2 and in Group 3 patients the most delayed seg-
ment was the medium lateral segment, in 28.6% and
27.6% of cases, respectively (Table 3). Intraventricular
dyssynchrony (defined as at least one “50-ms delta”) was
present in 29.5% of Group 1 patients, in 57.1% of Group 2
patients and in 71.1% of Group 3 patients (overall
comparison: p < 0:0001; pairwise comparisons: p < 0:001
Group 3 vs. Group 1, p ¼ 0:105 Group 2 vs. Group 1,
p ¼ 0:873 Group 2 vs. Group 3). The median number of
“50-ms delta” per patient (interquartile range) observed
was: 0, (0–1) in Group 1 patients; 3, (0–6) in Group 2
patients and 3, (0–5.5) in Group 3 patients (overall
comparison: p ¼ 0:0001; pairwise comparisons: p ¼ 0:51
Group 2 vs. Group 1, p ¼ 0:0001 Group 3 vs. Group 1,
p ¼ 1:000 Group 2 vs. Group 3). No significant relation-
ship was found between QRS duration and the standard
deviation of regional pre-ejection periods (r ¼ 0:27,
p ¼ 0:064). Etiology, type of intraventricular conduction
delay, left ventricular ejection fraction and degree of
mitral regurgitation were similar in patients with and
without intraventricular dyssynchrony. On the contrary,
the end-diastolic volume was greater and the left ven-
tricular filling time was shorter in patients with intra-
ventricular dyssynchrony (respectively, 325� 109 vs.
273� 114 ml, p ¼ 0:004 and 39� 11% vs. 44� 11%,
p ¼ 0:0008). The NYHA class was similar (respectively,
68.4% NYHA class II and 31.6% NYHA class III or IV patients



Table 4 Regional contraction pattern by QRS duration

QRS < 120 ms QRSP 120 < 150 ms QRSP 150 ms

Pattern 1 (%) 88.9 86.5 78.2
Pattern 2 (%) 1.0 3.2 4.1
Pattern 3 (%) 9.7 9.9 13.6
Pattern 4 (%) 0.4 0.4 4.1

p < 0:001 for overall comparison between QRS groups.
See Methods for the definitions of patterns.

Table 2 Regional pre-ejection periods

QRS < 120 ms (n ¼ 61) QRSP 120 < 150 ms (n ¼ 21) QRSP 150 ms (n ¼ 76)

Anterior, basal (ms) 122� 34 134� 50 144� 47
Anterior, medium (ms) 125� 38 143� 63 149� 59
Inferior, basal (ms) 123� 30 139� 34 179� 38
Inferior, medium (ms) 126� 31 140� 36 182� 41
Lateral, basal (ms) 133� 62 146� 53 167� 51
Lateral, medium (ms) 131� 45 147� 59 176� 51
Septum, basal (ms) 125� 54 125� 26 163� 38
Septum, medium (ms) 123� 27 134� 36 166� 39

Overall comparison of intraventricular conduction in the three QRS groups: p < 0:0001 (while controlling for baseline characteristics in a multi-
variate analysis). For post hoc pairwise comparisons see text.

Table 3 Most delayed segments

QRS < 120 ms (n ¼ 61) QRSP 120 < 150 ms (n ¼ 21) QRSP 150 ms (n ¼ 76)

Anterior, basal (%) 3.3 0 2.6
Anterior, medium (%) 24.6 23.8 7.9
Inferior, basal (%) 11.5 9.5 10.5
Inferior, medium (%) 16.4 4.8 14.5
Lateral, basal (%) 9.8 4.8 9.2
Lateral, medium (%) 13.1 28.6 27.6
Septum, basal (%) 9.8 4.8 7.9
Septum, medium (%) 11.5 23.8 19.7
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in the group with intraventricular dyssynchrony vs. 74.2%
NYHA class II and 25.8% NYHA class III or IV patients in the
group without intraventricular dyssynchrony).

Regional contraction patterns

A slightly greater percentage of abnormal regional con-
traction patterns were observed in Group 3 than in Group
1 or 2 patients; however, even in Group 3 patients more
than 75% of segments were defined as having a “normal”
contraction pattern (Table 4). Dyskinetic patterns were
Table 5 Regional contraction pattern by etiology of dis-
ease

Ischemic etiology Non-ischemic etiology

Pattern 1 (%) 74.1 84.7
Pattern 2 (%) 5.2 2.7
Pattern 3 (%) 13.9 11.3
Pattern 4 (%) 6.8 1.3

p < 0:001 for overall comparison between groups.
See Methods for the definitions of patterns.
definitely more frequent in patients with ischemic heart
disease than in patients with primary dilated cardiomy-
opathy or hypertension (p < 0:001) (Table 5).

Correlation between inter and intra-ventricular
dyssynchrony

Among patients with intraventricular dyssynchrony
(defined by “at least one” 50-ms delta), 64% also had
interventricular dyssynchrony (defined as IVMD> 40 ms);
among patients without intraventricular dys-synchrony,
28% had interventricular dyssynchrony (p < 0:0001). The
agreement between the 2 types of dyssynchrony was
therefore poor (j ¼ 0:37, SE 0.08).
Discussion

The study demonstrates that in heart failure patients with
LBBB, inter and intraventricular dyssynchrony are com-
mon, regardless of QRS duration. Furthermore, there is a
substantial proportion of heart failure patients with nor-
mal QRS duration who may also exhibit dyssynchrony. To
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provide a complete description of the mechanical ab-
normalities due to dyssynchrony both standard echocar-
diography and TDI should be used, since no relationship
seems to link inter and intraventricular dyssynchrony.

Pathophysiology of abnormal electrical
conduction

Different types of infranodal conduction abnormality
may determine the classical left bundle branch block
pattern on the surface electrocardiogram: from focal
proximal lesions (even longitudinal dissociation with
asynchronous conduction) in the bundle of His to inho-
mogeneous spread of excitation wavefronts across the
scarred tissue of the dilated ventricle.10–15 The activa-
tion of left ventricular endocardium might be different in
such conditions but the left ventricular conduction sys-
tem is not easily accessible by electrophysiological study
and endocardial catheter mapping has rarely been per-
formed.16 Scarce information has also been obtained on
the mechanical correlates of these electrical abnormal-
ities, although the paradoxical motion of the interven-
tricular septum in left bundle branch block has first been
described in 1973.17–19 The reason is that only recent
technology, such as tagged magnetic resonance imaging
or tissue Doppler imaging, has allowed a precise evalu-
ation of the sequence and timing of regional left ven-
tricular contraction in heart failure patients.20–25 The
present study is the first one in which standard echo-
cardiography and tissue Doppler imaging have both been
used to obtain a complete picture of the mechanical
abnormalities in a large series of consecutive patients
with left ventricular dysfunction, with or without left
bundle branch block. Patients with slightly prolonged or
normal QRS were focused since even such patients may
exhibit dyssynchrony and might therefore be considered
as candidates to multisite pacing.

Interventricular dyssynchrony

The interventricular delay was significantly related to
QRS duration, although a wide scattering of the data
around the identity line was observed. The data are
consistent with those obtained in a smaller series of
DCM patients, although the correlation coefficient was
substantially higher in the previous report than in our
population.26 We hypothesized that a prolonged right
ventricular pre-ejection period (as in the case of right
ventricular dysfunction or of pulmonary hypertension)
could reduce the difference between aortic and pul-
monary pre-ejection periods and therefore impair the
correlation between interventricular dyssynchrony and
QRS duration. However, the correlation only slightly
improved by excluding the patients with right ventric-
ular dysfunction and/or pulmonary hypertension.
Clearly, the site of the left bundle branch block (e.g.,
in the proximal or distal part of the conduction system)
might be an important determinant of the degree of
interventricular dyssynchrony. Interventricular dyssyn-
chrony was not related to etiology. As expected, a
greater prevalence of interventricular dyssynchrony
(IVMD> 40 ms) was observed in patients with LBBB than
in patients with normal QRS duration; importantly, it
turned out that this prevalence did not differ between
the group with a QRS duration greater than 150 ms
and the group with a QRS duration between 120 and 150
ms. In addition, a small percentage of patients with
normal QRS duration also showed interventricular
dyssynchrony.
Intraventricular dyssynchrony

Ansalone et al. used tissue Doppler imaging to study 31
heart failure patients implanted with a biventricular
pacemaker and found that in about one third of cases the
lateral wall was the most delayed segment before im-
plantation.24 Similar results were observed in the present
series even though a different TDI approach was used to
define dyssynchrony: the lateral wall showed the most
delayed movement only in about one third of patients
with QRS duration above 120 ms. These data indicate
that in heart failure patients with LBBB the sequence of
left ventricular activation and wall motion may differ
from patient to patient and in about two third of cases
the most delayed segment is not the lateral wall. The
prevalence of intraventricular dyssynchrony was similar
in the group with a QRS duration greater than 150 ms and
the group with a QRS duration between 120 and 150 ms.
Interestingly, there was a substantial proportion of pa-
tients with normal QRS duration who also showed dys-
synchrony, although no clinical characteristic or
echocardiographic parameter differentiated such pa-
tients from those with normal QRS duration and no dys-
synchrony.

Regional contraction patterns

Dyskinetic patterns were significantly more frequent in
patients with ischemic heart disease than in patients
with dilated cardiomyopathy. Therefore, care must be
taken when considering an abnormal regional contraction
pattern as an index of dyssynchrony in heart failure pa-
tients. In addition, it is true that a higher percentage of
abnormal regional patterns was observed in patients with
QRS duration P150 ms than in patients with normal
conduction; however, even in patients with QRS duration
P150 ms, the great majority of segments could be de-
fined as having a “normal” displacement pattern, which
limits the clinical value of the analysis of patterns.
Limitations

The study does not explain how mechanical dyssynchrony
is linked to the electrical abnormality; to solve this issue
an electrophysiological study mapping the endocardial
activation in the left ventricle would be required. Al-
though ethical considerations preclude a large scale
correlation study between tissue Doppler imaging and
endocardial mapping, this would be extremely important
since in electrophysiological studies the latest site of
activation in patients with LBBB is located in the lateral-
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posterior left ventricle whereas TDI studies, including
the present one, demonstrate that in a substantial per-
centage of cases the septum or the anterior wall are the
most delayed sites. We defined intraventricular dyssyn-
chrony on the basis of differences in regional pre-ejec-
tion periods, although in previous studies dyssynchrony
was defined on the basis of differences in the time from
QRS to the peak systolic velocity.27;28 We preferred the
former index to the latter which is the sum of the pre-
ejection period plus a variable and unpredictable part of
the ejection time (from beginning to peak velocity).
However, theoretical considerations do not help to
identify which index of intraventricular dyssynchrony is
the most useful either in the identification of responders
to cardiac resynchronization therapy or in the identifi-
cation of the optimal site for pacing; a prospective trial
is necessary to solve this issue. In fact, as recent studies
have shown, even simplified indexes of intraventricular
dyssynchrony may be of potential clinical usefulness.29;30

The present study does not include data on strain, a new
tissue Doppler modality which can be used to determine
whether myocardial velocities detected by tissue Dopp-
ler imaging represent true contraction or are merely
passive.31 We acknowledge that this is a limitation for
the interpretation of regional systolic displacements,
particularly in patients with ischemic heart disease. TDI
results should be used with caution as far as the identi-
fication of the optimal site for pacing is concerned.
eurheartj/article/25/7/571/654503 by guest on 21 Au
Conclusions

A substantial proportion of heart failure patients with
slightly prolonged QRS or even with normal conduction
may exhibit ventricular dyssynchrony and may be con-
sidered as potential candidates to multisite pacing. The
present study emphasizes the necessity of a combined
approach with standard echocardiography and tissue
Doppler imaging to characterize the spectrum of me-
chanical abnormalities due to ventricular dyssynchrony,
since no relationship links inter and intraventricular
dyssynchrony and it is still to be clarified which index of
ventricular dyssynchrony is better related to func-
tional improvement in patients treated with biventricular
pacing.
gust 2022
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