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Background: Cardiac resynchronization therapy (CRT) has emerged as an established therapy for con-
gestive heart failure. However, up to 30% of patients fail to respond to CRT despite prolonged QRS.

Objectives: This study aimed at defining the prevalence of interventricular and intraventricular dyssyn-
chrony in heart failure patients with different QRS durations.

Methods: A total of 123 consecutive patients with severe heart failure (LVEF < 35% and NYHA class
III–IV) were prospectively evaluated using 12-lead electrocardiogram and complete echocardiographic
examination including tissue Doppler imaging.

Results: According to the QRS duration, 56 patients had a QRS duration ≤120 ms (Group 1), 33 patients
had a QRS duration between 120 and 150 ms (Group 2), and 34 patients had a QRS duration ≥150 ms
(Group 3). Intraventricular dyssynchrony was present in 36% of Group 1 patients, in 58% of Group 2
patients, and in 79% of Group 3 patients (P < 0.000). Linear regression demonstrated a weak relation
between QRS and intraventricular dyssynchrony. A greater proportion of patients with interventricular
dyssynchrony was observed in Group 3 or Group 2 compared to patients with normal QRS duration (32%
in Group 1 vs. 51.5% in Group 2 vs. 76.5% in Group 3, P < 0.000). Linear regression demonstrated a
significant relation between QRS duration and interventricular mechanical delay.

Conclusions: Although both interventricular and intraventricular dyssynchrony increased with the in-
creasing QRS duration, the correlation between intraventricular mechanical and electrical dyssynchrony
was weak. The lack of intraventricular dyssynchrony in a fraction of patients with standard CRT indication
by QRS duration may provide us insight into the nonresponders rates. (PACE 2007; 30:616–622)

congestive heart failure, electrocardiography, interventricular delay, intraventricular delay, Tissue
Doppler echocardiography

Introduction
Cardiac resynchronization therapy (CRT) has

emerged as an established therapy for congestive
heart failure (CHF) due to severe left ventricular
(LV) systolic dysfunction.1–4

Recent large-scale clinical trials have con-
firmed the favorable effects of CRT on symptoms,
quality of life, exercise capacity, left ventricular
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function, and also showed that CRT significantly
reduces mortality risk.5,6 Current selection crite-
ria for patients eligible for CRT include: end-stage
CHF with New York Heart Association (NYHA)
class III–IV, depressed left ventricular ejection
fraction (LVEF) <35%, and QRS duration >130
ms.1,2,7–10 Despite these criteria, approximately
30% of the patients fail to respond to CRT de-
spite prolonged QRS duration.10–16 More recently,
it has been pointed out that even patients with nor-
mal QRS duration may exhibit dyssynchrony and
also potentially treatable by CRT.12,15,16 There are
other observations that have raised the concerns
over the real value of the QRS duration in pre-
dicting mechanical dyssynchrony: during single-
chamber left ventricular pacing alone, the QRS du-
ration is usually longer than during intrinsic QRS
with left bundle branch block (LBBB) morphol-
ogy, which contrasted with a significant increase
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of LV contractility and improvement of stroke vol-
ume.17 Together these findings question the extent
to which QRS duration is linked to mechanical
dyssynchrony.

Therefore, we designed this study aimed at
defining the prevalence of interventricular and in-
traventricular dyssynchrony in heart failure pa-
tients with different QRS durations.

Methods
Characteristics of CHF Population

Between January 2004 and October 2005, a to-
tal of 123 consecutive patients with severe heart
failure were prospectively included. Inclusion cri-
teria were CHF with NYHA class III–IV and ad-
vanced LV systolic dysfunction (LVEF < 35%). We
excluded patients with nonsinus rhythm, previous
pacemaker implantation, and valvular heart dis-
ease. The study was approved by the local Ethics
Committee, and written informed consent was ob-
tained from all the patients. Included were 91 men
and 32 women with mean age 55 ± 15 years. The
underlying etiology was ischemic heart disease in
62% of patients and primary dilated cardiomyopa-
thy in remaining 38% of patients. According to
the QRS duration, the patients were classified into
three groups: Group 1, 56 patients with a narrow
QRS duration (≤120 ms); Group 2, 33 patients with
intermediate QRS duration (between 120 and 150
ms); Group 3, 34 patients with wide QRS dura-
tion (≥150 ms). All patients were in NYHA class
III (n = 103) or IV (n = 20). All patients under-
went a standard 12-lead electrocardiography and a
complete echocardiographic examination, includ-
ing specific evaluation for inter- and intraventric-
ular dyssynchrony.

Electrocardiographic Analysis

Standard 12-lead electrocardiograms were ac-
quired at a paper speed of 25 mm/s and a scale
of 10 mm/mV. The measurements of QRS dura-
tion (recorded from the surface leads demonstrat-
ing the greatest values) and the assessment of QRS
morphology were performed by two independent
electrophysiologists who were blinded to the clin-
ical status of the patients.

Echocardiographic Protocol

A complete M-mode, two-dimensional and
Doppler evaluation as performed using ultrasono-
graphic equipment (Vivid 7, General Electric,
Wauwatosa, WI, USA). Images were obtained us-
ing a 3.5-MHz transducer, at a depth of 16 cm in
the parasternal and apical views (standard long-
axis and two- and four-chamber views). LV end-
systolic and diastolic dimensions and volumes

and LV ejection fraction were calculated using the
biplane Simpson’s technique. Mitral regurgitation
was graded according to the jet area method.

Pulse-wave Doppler recordings across the aor-
tic and pulmonary valves were obtained from the
apical 5-chamber view and parasternal short-axis
view. The aortic pre-ejection time was calculated
from the beginning of QRS complex to the begin-
ning of the aortic flow velocity recorded in apical
five-chamber view. The pulmonary pre-ejection
time was measured from the beginning of QRS
complex to the beginning of pulmonary flow ve-
locity curve recorded in the left parasternal view.
The difference between the two values was con-
sidered as the interventricular mechanical delay
(IVMD); according to previous studies, an IVMD >
40 ms was selected as the cut-off value for inter-
ventricular dyssynchrony.18,19

Color tissue Doppler imaging (TDI) was ac-
quired from the apical 4-chamber and 2-chamber
views to assess myocardial regional function. In
each view, both the basal and mid segments were
assessed. In this way, the following segments were
interrogated: septal, lateral, inferior, posterior, an-
teroseptal, and anterior at both the basal and mid-
dle levels. The regional pre-ejection period was
measured for all segments from the beginning of
QRS to the peak myocardial sustained systolic ve-
locity (TS). Maximal delta-TS, defined as the max-
imal difference in TS among all 12 segments was
used as the indicator of intraventricular dyssyn-
chrony; a maximal delta-Ts > 100 ms was con-
sidered as the cut-off value for intraventricular
dyssynchrony, based on previous studies.16 All
echocardiographic measurements were performed
by two independent echocardiographers who were
blinded to the clinical status of the patients.

Statistical Analysis

Variables are expressed as mean ± SD for the
continuous variables and as absolute or relative
frequencies for categorical variables. χ2 analysis
was used for categorical data and Fisher exact test
for cell count less than five. Patient characteris-
tics were compared by means of Student’s t-test in
case of continuous variables. Simultaneous com-
parison of more than two mean values was done
by one-way analysis of variance (ANOVA) with
Bonferroni correction. A general linear model was
used to evaluate the association between different
indicators of inter- and intraventricular dyssyn-
chrony and QRS duration, while controlling for
patients baseline characteristics. A two-tailed P <
0.05 was considered statistically significant. The
software SPSS version 13.0 (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis.
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Results
Characteristics of Study Population

By definition, all patients had severe heart
failure; 103 were in NYHA class III and 20 in
class IV. Etiology underlying the cardiomyopathy
was ischemic in 62% and idiopathic in 38%. QRS
duration and PR interval were 131.2 ± 30.5 ms
(79–200 ms) and 191.4 ± 29.6 ms (110–280 ms),
respectively. All patients were in sinus rhythm.
Among the echocardiographic measurements, LV
ejection fraction, LV end-systolic volume, and LV
end-diastolic volume were 19 ± 6.5% (8–35%),
157.8 ± 61.4 mL, and 202 ± 68.6 mL, respectively.

The clinical characteristics of three QRS
groups are summarized in Table I. The mean PR
interval was longest in QRS Group 3 and short-
est in QRS Group 1 (200 ± 26 vs. 181.6 ± 33 ms,
P = 0.011). Among the three QRS groups, 76% of
patients of Group 3, 60% of Group 2, and 41% of
Group 1 had LBBB (P = 0.000).

Although there was a progressive increase in
left ventricular volumes in parallel to QRS dura-
tion, this difference reached statistical significance
only for LV end-systolic volume (P = 0.042). In-
crease in LV end-systolic and end-diastolic vol-
umes resulted in comparable LV ejection fraction
between the three QRS groups (Table II).

Interventricular Dyssynchrony
in Three QRS Groups

Although pulmonary pre-ejection period was
similar in the three groups, there was a longer aor-
tic pre-ejection period in Group 3 than in Group 1

Table I.

Clinical Characteristics of Patients According to Three QRS Groups

QRS Duration (ms)

Variable ≤120 (n = 56) 120–150 (n = 33) ≥150 (n = 34) P Value

Age (mean±SD, years) 55 ± 16 55 ± 14 56 ± 16 0.95
Male/female ratio (n) 45/11 21/12 25/9 0.22
Etiology, n (%) 0.71

Ischemic 37 (66%) 15 (45.5%) 24 (70%)
Primary dilated 19 (34%) 18 (55.5%) 10 (30%)

QRS duration (ms) 103 ± 14 138 ± 8 170 ± 13 –
PR interval (ms) 182 ± 33 199 ± 21 200 ± 27 0.003
QRS configuration, n (%) 0.000

LBBB 23 (41%) 20 (61%) 26 (76%)
RBBB 10 (18%) 10 (30%) 6 (18%)
Nonspecific IVCD 23 (41%) 3 (9%) 2 (6%)

NYHA class, n (%) 0.48
Class III 49 (87.5%) 28 (85%) 26 (76.5%)
Class IV 7 (12.5%) 5 (15%) 8 (23.5%)

and 2 patients (respectively, 137 vs. 117 vs. 113 ms,
P = 0.03); this resulted in greater IVMD in Group
3 patients (respectively, 53 ± 21 ms vs. 42 ± 22
vs. 35 ± 21, P = 0.001). A greater proportion of
patients with interventricular dyssynchrony was
observed in the Group 3 or Group 2 compared to
patients with normal QRS duration (32% in Group
1 vs. 51.5% in Group 2 vs. 76.5% in Group 3, P <
0.000). Linear regression demonstrated a signifi-
cant relation between QRS duration and IVMD (n
= 123, r = 0.56, P < 0.000) (Fig. 1). Etiology (idio-
pathic dilated vs. ischemic), gender, and QRS mor-
phology had no relation to IVMD (all P > 0.05),
whereas a higher proportion of patients with in-
terventricular delay had NYHA class IV compared
to patients without interventricular delay (26% vs.
11%, P = 0.03). Ejection fraction, LV end-diastolic
volume, and LV end-systolic volume were similar
in patients with and without interventricular de-
lay (all P > 0.05).

Intraventricular Dyssynchrony
in Three QRS Groups

Intraventricular dyssynchrony (defined as
maximal delta-Ts > 100 ms) was present in 36% of
Group 1 patients, in 58% of Group 2 patients, and
in 79% of Group 3 patients (P < 0.000). A stepwise
increase in maximal delta-Ts was noted over the
three groups, with mean maximal delta-Ts of 80 ms
in Group 1, 92 ms in Group 2, and 110 ms in Group
3 patients (P < 0.000). Linear regression demon-
strated significant relation between QRS duration
and intraventricular dyssynchrony (n = 123, r =
0.35, P < 0.000), although a wide scattering of data
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Table II.

Echocardiographic Characteristics of Patients According to Three QRS Groups

QRS Duration (ms)

Variable ≤120 (n = 56) 120–150 (n = 33) ≥150 (n = 34) P Value

LVEF (mean ± SD, %) 20 ± 7.0 19 ± 6.0 18 ± 5.0 0.40
LVESV (mL) 154 ± 62 142 ± 62 179 ± 56 0.04
LVEDV (mL) 199 ± 67 188 ± 72 222 ± 62 0.11
IVMD (ms) 35 ± 21 42 ± 22 53 ± 21 0.001
PPEP (ms) 101 ± 50 107 ± 35 113 ± 75 0.26
APEP (ms) 113 ± 55 117 ± 32 137 ± 71 0.03
Maximal delta-Ts (ms) 80 ± 28 92 ± 43 110 ± 28 0.000

LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; LVEDV = left ventricular end-diastolic volume;
IVMD = interventricular mechanical delay; PPEP = pulmonary pre-ejection period; APEP = aortic pre-ejection period.

around the identity line was seen (Fig. 2). In Group
1 and in Group 2 patients, the latest activated
segment was the basal posterior segment in 26.4%
and 24.1% of cases, respectively. In Group 3 pa-
tients, the latest activated segment was the basal
lateral segment in 25.0% of cases (Table III). The
area of latest mechanical activation was predom-
inantly located in the lateral and posterior walls
(34% and 34%, respectively) in patients with
nonischemic dilated cardiomyopathy, whereas in
those with ischemic cardiomyopathy, it was more
spread over all segments, with most of latest activa-
tion situated in the posterior (36%), lateral (23%),
and anterior (23%) segments. Etiology of heart fail-
ure, age, gender, and NYHA class were similar in
patients with and without intraventricular dyssyn-
chrony (all P > 0.05). On the contrary, LBBB was

Figure 1. Relationship between IVMD (ms) and QRS
duration (Y = 0.26X + 7.6, n = 123, r = 0.56, P < 0.000).

observed in the 67% of patients with intraventric-
ular dyssynchrony compared with 45% of patients
with no significant intraventricular dyssynchrony
(P = 0.015). There were also no significant differ-
ences in ejection fraction (19.0 ± 6.0% vs. 19.3 ±
7.0%, P = 0.68) and left ventricular volumes (LV
end-diastolic volume: 208 ± 68 mL vs. 195 ± 69
mL, P = 0.27; LV end-systolic volume: 162 ± 60 mL
vs. 153 ± 62 mL, P = 0.42) between the patients
with and without intraventricular dyssynchrony.

Correlation Between Interventricular
and Intraventricular Dyssynchrony

Interventricular dyssynchrony was found in
78% of patients with intraventricular dyssyn-
chrony whereas 20% of patients without intra-

Figure 2. Relationship between intraventricular me-
chanical delay (maximal delta-Ts) and QRS duration
(Y = 0.4X + 39, n = 123, r = 0.35, P < 0.000).
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Table III.

Most Delayed Segments in Three QRS Groups

QRS Duration (ms)

≤120 120–150 ≥150
Variable (n = 56) (n = 33) (n = 34)

Basal anterior segment (%) 11.3 17.3 7.1
Mid anterior segment (%) 11.3 3.4 10.7
Basal septal segment (%) 0 3.4 0
Mid septal segment (%) 0 0 7.1
Basal anteroseptal (%) 0 0 0
Mid anteroseptal (%) 0 0 0
Basal posterior segment (%) 26.4 24.1 17.9
Mid posterior segment (%) 13.2 10.3 10.7
Basal lateral segment (%) 7.5 13.8 25.0
Mid lateral segment (%) 13.3 13.8 14.3
Basal inferior segment (%) 5.7 3.5 3.6
Mid inferior segment (%) 11.3 10.4 3.6

ventricular dyssynchrony also had interventricu-
lar dyssynchrony (Pearson correlation: 0.58, P <
0.000). This correlation increased in parallel to
the QRS duration (Pearson correlation: 0.44 and
P = 0.001 in Group 1; Pearson correlation: 0.75 and
P = 0.000 in Group 3), so that 93% of Group 3 pa-
tients with intraventricular dyssynchrony also had
interventricular dyssynchrony; among Group 2
and Group 1 patients with intraventricular dyssyn-
chrony, interventricular dyssynchrony was ob-
served in 75% and 60% of patients, respectively.

Discussion
The main findings of the present study are as

follows:

1. Interventricular and intraventricular
dyssynchrony is common in heart failure patients
with QRS duration >120 ms;

2. Among heart failure patients with QRS du-
ration >120 ms, 21–42% do not exhibit signifi-
cant intraventricular dyssynchrony that may ex-
plain the lack of response to CRT;

3. A substantial proportion (36%) of heart fail-
ure patients with narrow QRS duration exhibit sig-
nificant intraventricular dyssynchrony and may be
candidates for biventricular pacing;

4. There is a good correlation between inter-
ventricular and intraventricular dyssynchrony in
heart failure patients with QRS duration >150 ms;

5. LBBB is more likely to be associated with
significant intraventricular dyssynchrony than
other types of intraventricular conduction defect;

6. There are also significant differences be-
tween patients with ischemic and nonischemic

cardiomyopathies in terms of regional mechanical
dyssynchrony.

The response to CRT was initially consid-
ered to result in part from resynchronization of in-
terventricular dyssynchrony. Thus patients with
interventricular dyssynchrony were selected for
CRT. This selection was based on the QRS dura-
tion, because this parameter is considered to re-
flect interventricular dyssynchrony. Indeed, Ghio
et al.15 and Rouleau et al.20 demonstrated a good
relation between interventricular dyssynchrony
and QRS duration. Our study also confirmed the
good correlation between interventricular dyssyn-
chrony and QRS width. These observations tend
to support the use of the QRS duration for patient
selection. However, the result of many CRT stud-
ies indicated that 20–30% of patients failed to re-
spond to CRT, despite prolonged QRS duration.

Except for the patients with very wide sponta-
neous QRS complex, mechanical intraventricular
dyssynchrony is not necessarily related to electri-
cal dyssynchrony judged by QRS duration. Indeed,
the correlation is weak, as we demonstrated in the
present study. Some patients with a wide QRS and
a severely depressed LVEF may show no area of
substantial mechanical delay. This may explain
why 20–30% of the patients in the major trials did
not have a response to CRT. To date, two studies
evaluated the role of the QRS complex as a marker
of mechanical LV dyssynchrony.12,15 In the study
of Bleeker et al.12 severe intraventricular dyssyn-
chrony (defined as septal-to-lateral delay >60 ms)
was observed in 27% of the patients with a narrow
QRS complex (<120 ms), in 60% of patients with a
QRS duration 120–150 ms, and in 70% of patients
with QRS ≥ 150 ms. Ghio et al.15 confirmed the
absence of intraventricular dyssynchrony (defined
as presence of one or more differences > 50 ms
among the regional pre-ejection periods) in 43%
of patients with an intermediate QRS duration
(120–150 ms) and in 29% of patients with a wide
(>150 ms) QRS complex. In our study, substantial
intra-LV dyssynchrony on TDI was present in 36%
of patients with narrow QRS complex (<120 ms),
58% of patients with intermediate QRS duration
(between 120 and 150 ms), and 79% of patients
with wide QRS complex (>150 ms). Compared
with the aforementioned studies, a slightly higher
incidence of intra-LV dyssynchrony in our patients
with narrow QRS duration (≤120 ms) and also the
patients with wide QRS duration (≥150 ms) may
have been related to patient characteristics or defi-
nition of intraventricular dyssynchrony. However,
20–40% of patients with heart failure and QRS
duration >120 ms do not exhibit intraventricular
dyssynchrony, which may explain nonresponse to
CRT.
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Our study confirmed previous publications
regarding global intraventricular dyssynchrony in
patients with ischemic versus nonischemic dilated
cardiomyopathies.15,21 However, there are
significant discrepancies in the area of latest
mechanical activation (regional dyssynchrony)
in different studies.21–23 We observed that, in
patients with nonischemic cardiomyopathy, the
latest activated areas were mainly located in the
lateral and posterior walls of the left ventricle,
whereas in those with ischemic cardiomyopathy,
the area of latest mechanical activation is not
necessarily the lateral wall. This is in accord with
the results of the Belgian Multicenter Registry on
Dyssynchrony.21 In a small Group of patients with
nonischemic cardiomyopathy and LBBB, Ansa-
lone et al.22 used pulse-wave Doppler TDI to show
the latest activated region tended to be located in
the lateral wall (35%). Using three-dimensional
echocardiography and tissue tracking, Sogaard
et al.23 reported the lateral and posterior walls
of the left ventricle as the predominant my-
ocardial segments with the latest activation in
a small number of patients with nonischemic
cardiomyopathy.

Previous TDI studies in heart failure patients
indicated that in about one third of cases the lateral
wall was the latest activated segment in patients
with QRS duration above 120 ms.15,21–23 Similar
results were also obtained in our study. However,
narrow QRS patient groups were not delayed in the
same left ventricular areas in these studies. Ghio
et al.15 reported the medium anterior segment as
the predominant delayed site in patients with nar-
row QRS intervals and the medium lateral segment
in those with wide QRS intervals. In contrast, we
found that the delayed site was more frequent in
the basal posterior in patients with narrow QRS
intervals, and in the basal posterior and lateral
segments in those with wide QRS intervals. This
discrepancy may be explained by differences in

patient characteristics or TDI methods used to de-
fine regional intraventricular dyssynchrony. These
data are indicative of heterogeneity in the se-
quence of left ventricular activation and wall mo-
tion among the heart failure patients with wide
QRS intervals. Results of the TDI studies, includ-
ing the present one, are also in marked contrast to
the electrophysiological studies in which the latest
site of activation in patients with wide QRS is lo-
cated in the lateral-posterior left ventricle. In TDI
studies, the septum or the anterior or inferior walls
are the most delayed sites in a substantial percent-
age of cases. Potential differences in the area of
latest mechanical activation could have practical
implications regarding optimal lead positioning. A
prospective large-scale study is needed to compare
the results of CRT in patients with TDI-guided left
ventricular lead placement with those of routine
left ventricular lead placement in lateral or poste-
rior cardiac veins.

Conclusions and Implications
Interventricular and intraventricular dyssyn-

chrony is common in the heart failure patients
with QRS duration >120 ms. However, about 20–
40% of these patients do not exhibit significant in-
traventricular dyssynchrony that may explain the
lack of response to CRT. On the other hand, a sub-
stantial proportion (36%) of heart failure patients
with narrow QRS duration show significant intra-
ventricular dyssynchrony and may be considered
as potential candidates to CRT.

Among the different types of intraventricular
conduction defects, LBBB is more likely to be as-
sociated with presence of significant mechanical
intraventricular dyssynchrony in TDI. There are
also significant differences between patients with
ischemic and nonischemic cardiomyopathies in
terms of regional mechanical dyssynchrony. This
might have implication for coronary sinus lead po-
sitioning in biventricular pacing.
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