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CHAPTER 4

EFFECT OF CARDIAC RESYNCHRONIZATION 
THERAPY IN PATIENTS WITHOUT LEFT 
INTRAVENTRICULAR DYSSYNCHRONY.
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ABSTRACT

Evaluate the effects of cardiac resynchronization therapy (CRT) on 
long-term survival of patients without baseline left intraventricular 
(LV) mechanical dyssynchrony. 

A total of 290 heart failure patients (age 67  ±  10 years, 77% male) 
without significant baseline LV dyssynchrony (<60 ms as assessed with 
tissue Doppler imaging) were treated with CRT. Patients were divided 
according to the median LV dyssynchrony measured after 48 hours of CRT 
in 2 groups. All-cause mortality was compared between the subgroups. In 
addition, the all-cause mortality rates of these subgroups were compared 
to the all-cause mortality of 290 heart failure patients treated with 
CRT who showed significant LV dyssynchrony (≥60 ms) at baseline. In the 
group of patients without significant LV dyssynchrony, median LV dys-
synchrony increased from 22 ms (interquartile range 16-34 ms) at baseline 
to 40 ms (24-56 ms) 48 hours after CRT. The cumulative mortality rates 
at 1, 2 and 3 years follow-up of patients with LV dyssynchrony ≥40 ms 
48 hours after CRT implantation were significantly higher as compared to 
patients with LV dyssynchrony <40 ms (10%, 17% and 23% vs. 3%, 8% and 
10%, respectively ; log-rank P<0.001). Finally, the cumulative mortality 
rates at 1, 2 and 3 years follow-up of patients with baseline LV dyssyn-
chrony were 3%, 8% and 11% respectively (log-rank P=0.375 vs. patients 
with LV dyssynchrony <40 ms). Induction of LV dyssynchrony after CRT was 
an independent predictor of mortality (hazard ratio : 1.247 ; P=0.009).

In patients without significant LV dyssynchrony, the induction of 
LV dyssynchrony after CRT is related to a less favorable long-term 
outcome.

INTRODUCTION

Cardiac resynchronization therapy (CRT) is currently indicated for 
patients with drug-refractory heart failure, left ventricular ejection 
fraction (LVEF) ≤35%, and wide QRS complex (≥ 120 ms).1, 2 Observational 
studies have shown that the presence of significant left ventricu-
lar (LV) mechanical dyssynchrony (as assessed with different imaging 
techniques) is related to a favorable response to CRT and improved 
outcome.3-7 Indeed, restoration of LV synchronicity by biventricular 
pacing has been related to LV reverse remodeling, decrease in mitral 
regurgitation and improvement in clinical outcome.8 In contrast, lack 
of significant LV mechanical dyssynchrony has been related to a high 
rate of non-response to CRT.9, 10 As much as 30% of heart failure 
patients presenting with a wide QRS complex do not show LV mechanical 
dyssynchrony.11 It has been suggested that CRT could induce LV mechani-
cal dyssynchrony in this subgroup of patients, leading to impaired 
LV performance and, subsequently, poor clinical outcome.12 However, to 
date no study has evaluated the potential induction of LV mechanical 
dyssynchrony after CRT implantation in this subgroup of patients and, 
more important, the long-term clinical consequences of this acutely 
induced LV dyssynchrony remain unknown. Accordingly, the aims of the 
present study were :

 1) to evaluate the acute effects of CRT on LV synchronicity in heart 
  failure patients fulfilling current inclusion criteria for CRT but 
  without baseline LV mechanical dyssynchrony.

 2) to study the impact of acutely induced LV dyssynchrony on long-term 
  survival of this specific subgroup of patients. The long-term survival 
  of heart failure patients with and without induced LV dyssynchrony after 
  CRT implantation was compared to the long-term survival of a group of 
  patients with baseline LV dyssynchrony treated with CRT.

METHODS

Patient population and data collection

Patients with New York Heart Association (NYHA) functional class III or 
IV heart failure symptoms despite optimal medical therapy, LVEF ≤35%, 
and QRS duration ≥120ms were selected for CRT.2 Before CRT implantation, 
clinical status was evaluated and 2-dimensional echocardiography was 
performed to measure LV volumes and LVEF. In addition, LV mechanical 
dyssynchrony was evaluated with tissue Doppler imaging (TDI).13 A total 
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of 290 consecutive patients without significant LV mechanical dys-
synchrony before CRT (LV dyssynchrony value at baseline <60 ms) were 
selected from an ongoing registry.14 Patients with recent myocardial 
infarction (<3 months) and decompensated heart failure requiring con-
tinuous intravenous therapy were excluded from the present analysis. 
Patient data were prospectively recorded in the departmental Cardiology 
Information System (EPD vision®, Leiden University Medical Centre) and 
retrospectively analyzed.

According to the clinical protocol, within 48 hours after CRT implantation, 
the patients underwent repeat echocardiography to evaluate whether a 
significant change in LV mechanical dyssynchrony occurred. Subsequently, 
patients were divided into 2 groups according to the median value of LV 
dyssynchrony assessed at 48 hours after CRT implantation. Patients with 
LV dyssynchrony equal or superior to the median value formed the induced 
LV dyssynchrony subgroup.

At 6 months follow-up, the clinical evaluation was repeated and LV 
volumes, LVEF and LV dyssynchrony were re-assessed. Response to CRT 
was defined by ≥15% reduction in LV end-systolic volume (LVESV) at 6 
months follow-up. Patients who died before 6 months follow-up were 
categorized as non-responders to CRT.

Baseline characteristics, CRT response rate at 6 months follow-up 
and long-term outcome of patients with induced LV dyssynchrony after 
CRT implantation were compared with patients without induced LV 
dyssynchrony.

In addition, a group of 290 patients with overt LV mechanical dyssynchrony 
before CRT implantation (LV dyssynchrony value at baseline ≥60 ms) were 
selected from the ongoing registry. These patients formed the control 
group and were matched with the group of patients without baseline LV 
mechanical dyssynchrony according to age, gender, baseline LVEF and NYHA 
functional class. The patients received CRT during the same time period 
as the group of patients without baseline LV dyssynchrony. The long-term 
survival of patients with and without significant induction of LV dys-
synchrony at 48 hours after CRT implantation was compared to the outcome 
of patients with overt LV dyssynchrony at baseline.

Clinical evaluation

Baseline clinical evaluation included the assessment of NYHA functional 
class, quality-of-life score (using the Minnesota living with Heart 

Failure Questionnaire) and evaluation of exercise capacity using the 
6-minute walk distance test (6MWT).13, 15, 16

Echocardiography

Patients were imaged in the left lateral decubitus position using a 
commercially available system (Vingmed system Seven, General Electric-
Vingmed, Milwaukee, Wisconsin, USA). Images were obtained using a 3.5 
MHz transducer, at a depth of 16 cm in the parasternal and apical views 
(standard long-axis, 2- and 4-chamber images). Standard 2-dimensional 
and color Doppler data, triggered to the QRS complex, were saved in 
cine-loop format.

The end-systolic and end-diastolic LV volumes and LVEF were measured 
from the conventional apical 2- and 4-chamber images, using the biplane 
Simpson’s technique.17 All echocardiographic data acquisitions and analy-
ses were performed blinded to the patients’ baseline characteristics and 
clinical outcome. The intra-observer reproducibility for LVEDV, LVESV 
and LVEF were 7.4 ± 11.2 ml, 7.0 ± 10.1 ml and 1.9 ± 4.4%, respectively.18 The 
inter-observer reproducibility for LVEDV, LVESV and LVEF were 12.9 ± 14.7 
ml, 11.3 ± 13.9 ml and 2.5 ± 4.9%, respectively.18

LV mechanical dyssynchrony assessment

In addition to the conventional echocardiographic examination, color-coded 
TDI was performed to assess LV dyssynchrony. For TDI-data acquisition, 
color Doppler frame rates were set between 80 and 220 frames/s ; pulse 
repetition frequencies were between 500 Hz and 1 KHz, resulting in 
aliasing velocities between 16 and 32 cm/s. TDI parameters were mea-
sured off-line from color-coded images of 3 consecutive heart beats. 
Data were analyzed using commercial software (EchoPac 108.1.5, General 
Electric/Vingmed Ultrasound).

To determine LV dyssynchrony, the sample volume (6 mm x 12 mm) was placed 
in the LV basal parts of the septal and lateral walls (4-chamber apical view) 
and the time interval between the onset of the QRS complex and the peak 
systolic velocity was derived for each region. LV dyssynchrony was defined 
as the maximum delay between peak systolic velocities of the septal and the 
lateral walls.13 The analysis of peak systolic velocities was limited to the 
LV ejection period and post-systolic peaks were not included. Previously 
reported inter- and intra-observer agreement for assessment of LV dyssyn-
chrony with color-coded TDI was 90% and 96%, respectively.11
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Pacemaker implantation

The LV pacing lead was inserted transvenously via the subclavian route. 
A coronary sinus venogram was obtained using a balloon catheter. Next 
the LV pacing lead (Easytrak, Guidant Corporation, St. Paul, Minnesota ; 
Attain, Medtronic Inc., Minneapolis, Minnesota ; or Corox, Biotronik, 
Berlin) was inserted through the coronary sinus with the help of an 8 
Fr-guiding catheter, and positioned as far as possible in the venous 
system, preferably in a postero- lateral vein. The right atrial and 
right ventricular leads were positioned conventionally. CRT-device and 
lead implantation were successful in all patients without major com-
plications (Contak Renewal, Guidant Corporation ; Insync III or Insync 
Sentry, Medtronic Inc ; or Lumax, Biotronik, Berlin).

Within 24 hours after CRT device implantation, the atrioventricular 
delay was adjusted to optimize LV diastolic filling as assessed with 
pulsed wave Doppler echocardiography. The interventricular delay was 
set at 0 ms and was not systematically adjusted during the first 6 
months of follow-up.

Outcome at long-term follow-up

Long-term follow-up was performed by chart review and telephone 
contact. All-cause mortality was the primary end-point. All clinical 
variables were collected by independent observers blinded to the echo-
cardiographic results. The long-term survival was compared between 3 
groups of patients : 

 - patients without significant LV dyssynchrony at baseline and 
  after CRT implantation,
 - patients without significant LV dyssynchrony at baseline but 
  induced LV dyssnchrony at 48 hours after CRT implantation and,
 - patients with significant LV dyssynchrony at baseline.

Statistical analysis

Continuous data are expressed as mean  ±  SD or median and interquartile 
range, as appropriate, and were compared with the 2-tailed Student’s t 
test for paired and unpaired data or a non-parametric test (Mann-Whitney) 
when appropriate. Categorical variables are expressed as number and 
frequencies and were compared using the chi-square test. Changes in LV 
dyssynchrony along the three different time points of follow-up were 
compared with non parametric test (Friedman). Survival curves were 

determined according to the Kaplan-Meier method and comparisons of 
cumulative event rates were performed by the log-rank test. Cox pro-
portional hazard analysis was used to determine the value of acute LV 
dyssynchrony induction to predict long-term survival. First, univariate 
analysis of baseline clinical and echocardiographic characteristics was 
performed using all-cause mortality as end point. For each variable, 
the hazard ratio (HR) and the 95% of confidence intervals (CI) were 
calculated. In the multivariate analysis, the predictive values of acute 
LV dyssynchrony induction was corrected by those variables with a 
P-value <0.20 in the univariate analysis. All statistical analyses were 
performed with SPSS software (version 17.0, SPSS Inc, Chicago, IL). For 
all tests, a P-value <0.05 was considered statistically significant.

RESULTS

Patient population

A total 290 consecutive patients without baseline LV mechanical dyssynchrony 
(<60 ms) and 290 patients with overt LV mechanical dyssynchrony (≥60 ms) 
at baseline were selected from an ongoing registry.14 Baseline character-
istics of all patients are summarized in Table 1. The population comprised 
mostly men (77%), with mean age of 67 ± 10 years. Heart failure was of 
ischemic etiology in 173 (59%) patients. Mean QRS duration was 152 ± 31 ms.
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Table 1. Baseline characteristics of patients with and without significant LV dyssynchrony 

(≥60 ms and <60ms, respectively).

Baseline LV dyssynchrony

Variables 
≥60 ms

(n=290)

<60ms

(n=290)
P-value

Age (years) 65±11 67±10 0.196

Gender (male/female) 216/74 225/65 0.218

Ischemic etiology, n (%) 161 (56%) 173 (59%) 0.413

NYHA 3.04±0.21 3.08±0.32 0.236

6MWT (m) 310±113 310±118 0.983

QoL score 35±18 34±19 0.695

QRS duration (ms) 157±34 152±31 0.016

QRS <150ms, n (%) 109 (38%) 131 (45%) 0.064

QRS morphology

LBBB 209 (72%) 201 (69%) 0.262

RBBB 13 (5%) 26 (9%) 0.023

IVCD 67 (23%) 63 (22%) 0.383

LVEDV 224±78 206±74 0.005

LVESV 169±68 156±67 0.016

LVEF (%) 25±8 25±8 0.745

LV dyssynchrony (ms)  100 (80-120) 22 (16-34) <0.001

Continuous variables are expressed as mean ± SD. LV dyssynchrony is expressed as median 

and interquartile range. Categorical variables are expressed as n (%).

Abbreviations : 6MWT = 6-minute walk distance test ; IVCD = unspecified intra-ventricular 

conduction delay ; LBBB = left bundle branch block ; LVEDV = Left ventricle end-diastolic 

volume ; LVEF = Left ventricle ejection fraction ; LVESV = Left ventricle end-systolic volume ; 

NYHA = New York Heart functional class ; QoL = Quality of life questionnaire (Minnesota living 

with Heart Failure) ; RBBB = right bundle branch block.

Changes in LV mechanical dyssynchrony after CRT

In patients without significant LV dyssynchrony at baseline, median 
baseline LV dyssynchrony was 22 ms (interquartile range : 16-34 ms). 
After 48 hours of continuous CRT, LV dyssynchrony increased to 40 ms 
(interquartile range : 24-56 ms) and remained unchanged at 6 months 
follow-up (40 ms [interquartile range : 24-67 ms]) (P<0.001) (Figure 1). 
Conversely, in the group of patients with significant LV dyssynchrony 
at baseline, median LV dysynchrony was 100 ms (interquartile range : 
80-120 ms) and decreased to 45 ms (interquartile range : 20-70 ms) at 
48 hours and remained unchanged at 6 months follow-up (39 ms [inter-
quartile range : 19-63 ms]) (P<0.001).

CRT response in patients without baseline LV mechanical 
dyssynchrony

According to the median value of LV dyssynchrony measured 48 hours 
after CRT implantation, patients without significant baseline LV dys-
synchrony were divided into two groups : patients with LV dyssynchrony 
≥40 ms and patients showing LV dyssynchrony <40 ms.

Baseline characteristics of these 2 groups are presented in Table 2. Patients 
with LV dyssynchrony ≥40 ms were older (68 ± 9 vs. 65 ± 11 years, P=0.004) 
and had more frequently ischemic etiology of heart failure (73% vs. 46%, 
P<0.001) compared to patients with LV dyssynchrony <40 ms.

At 6 months follow-up, there were 81 patients (28%) who responded 
to CRT (defined by a decrease ≥15% in LVESV) and 209 patients (72%) 
who did not respond to CRT. A total of 40 patients showed an increase 
in LVESV ≥ 15% at 6 months follow-up. The percentage of non-responders 
was significantly higher in the group of patients with LV dyssynchrony 

Figure 1. Assessment of LV dyssynchrony at baseline, 48h after implantation and at 6 months 

follow-up in patients without baseline LV dyssynchrony.

At baseline all patients showed LV dyssynchrony <60 ms (22 ms [interquartile range : 16-34 ms]). At 

48 hours after CRT implantation LV dyssynchrony increased to 40 ms (interquartile range : 

24-56 ms) and at 6 months follow-up remained unchanged (40 ms [interquartile range : 24-67 

ms]) (P<0.001).
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≥40 ms compared to the group of patients with LV dyssynchrony <40 ms 
(93% vs 51%, P<0.001).

Table 2. Baseline characteristics of the group of patients with and without induced LV 

dyssynchrony after CRT implantation.

Variables at baseline

Induced LV 

dyssynchrony

≥40 ms

 (n=145)

Non-induced 

LV dyssynchrony

<40 ms

(n=145)

P-value

Age (years) 68±11 65±9 0.004

Gender (Male/female) 113/32 112/33 0.432

Ischemic etiology, n (%) 106 (73%) 67 (46%) <0.001

NYHA 3.02±0.14 3.02±0.16 0.121

6MWT (m) 277±117 344±108 <0.001

QoL 33±21 35±19 0.310

QRS duration (ms) 150±30 153±31 0.443

QRS <150ms, n (%) 66 (46%) 65 (45%) 0.906

QRS morphology 0.378

LBBB 100 (69%) 100 (69%)

RBBB 16 (11%) 10 (7%)

IVCD 29 (20%)  35 (24%)

LVEDV (mL) 203±71 210±76 0.417

LVESV (mL) 154±62 159±69 0.512

LVEF (%) 25±9 26±9 0.540

Baseline LV dyssynchrony (ms) 23 (17-38) 21 (15-30) 0.457

Continuous variables are expressed as mean ± SD. LV dyssynchrony is expressed as median 

and interquartile range. Categorical variables are expressed as n (%). 

Abbreviations : 6MWT = 6-minute walk distance test ; IVCD : unspecified Intra-ventricular conduction 

delay ; LBBB : Left bundle branch block ; LVEDV = Left ventricle end-diastolic volume ; LVEF = 

Left ventricular ejection fraction ; LVESV = Left ventricle end-systolic volume ; NYHA = New 

York Heart functional class ; QoL = Quality of life questionnaire (Minnesota living with 

Heart Failure) ; RBBB = Right bundle branch block.

Long-term outcome of patients with versus without induced LV 
dyssynchrony

During a median follow-up of 34 months, a total of 73 (25.1%) patients 
without baseline LV dyssynchrony died. When the patient population was 
divided according to the median LV dyssynchrony assessed 48 hours after 
CRT implantation (<40 ms versus ≥40 ms), a cumulative 10%, 17% and 23% of 
patients with LV dyssynchrony ≥40 ms died by 1, 2, and 3 years follow-up, 
respectively. In contrast, the group of patients with LV dyssynchrony 

<40 ms at 48 hours after CRT implantation had superior outcome and a 
respectively 3%, 8% and 10% of patients died during the same time period 
(log-rank P<0.001) (Figure 2). Finally, in the group of patients with 
significant LV dyssynchrony at baseline, 57 (19.7%) patients died during 
follow-up. The cumulative mortality rate in this group of patients at 1, 
2 and 3 years follow-up was 3%, 8% and 11% respectively and compared favor-
ably with the group of patients with LV dyssynchrony <40 ms at 48 hours after 
CRT implantation (log-rank P=0.375).

Figure 2. Kaplan Meier estimates of time to all-cause mortality in patients without induced 

LV dyssynchrony (n=145) and induced LV dyssynchrony (n=145) and control group (Baseline LV 

dyssynchrony ≥60 ms, n=290).

Abbreviations : LV = left ventricular.

Among the patients without baseline LV dyssynchrony and who exhibited 
an increase in LVESV≥ 15% at 6 months follow-up, a total of 13 patients 
died after a median follow-up of 34 months. In this group of patients, 
cumulative mortality rates at 1, 2 and 3 years follow-up were 5%, 26% 
and 36% respectively.

Baseline clinical and echocardiographic parameters were evaluated 
to predict all-cause mortality for patients without baseline LV dys-
synchrony. In the univariate analysis, age, ischemic etiology of heart 
failure, NYHA functional class, LVEF and acute LV dyssynchrony were 
significant predictors of all-cause mortality (Table 3). At the multivariate Cox 
regression analysis, induced LV dyssynchrony was an independent predic-
tor of all-cause mortality with a hazard ratio of 1.247 for each 20 ms 
increase (95% confidence interval : 1.056-1.474, P=0.009). Age, ischemic 
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etiology of heart failure, baseline NYHA functional class and baseline 
LVEF were also significantly related to all-cause mortality (Table 3).

Table 3. Univariate and multivariate Cox regression analysis to identify predictors of 

long-term mortality

Univariate Multivariate

Variables HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.42 (1.016-1.062) 0.010 1.037 (1.009-1.067) 0.010

Gender (male) 0.749 (0.445-1.262) 0.278 … …

Ischemic etiology 1.766 (1.066-2.927) 0.027 1.926 (1.088-3.407) 0.024

NYHA 2.999 (1.895-4.798) <0.001 2.412 (1.515-3.842) <0.001

LV ESV (ml) 1.000 (0.997-1.003) 0.935 … …

LVEF (%) 0.962 (0.935-0.990) 0.007 0.951 (0.923-0.981) 0.001

QRS width (ms) 1.004 (0.996-1.011) 0.358 … …

Induced LV dyssynchrony

(per 20 ms increase)
1.013 (1.005-1.021) 0.001 1.247 (1.056-1.474) 0.009

Abbreviations : 6MWT = 6-minute walk distance test ; LV = left ventricle ; LVEF= left ventricle 

ejection fraction ; LVEDV = left ventricle end-diastolic volume ; LVESV = left ventricle end-

systolic volume ; NYHA = New York Heart functional class ; QoL = quality of life questionnaire 

(Minnesota living with Heart Failure).

DISCUSSION

The present observational study demonstrated that in heart failure 
patients without significant LV mechanical dyssynchrony at baseline, 
CRT may induce significant LV dyssynchrony inasmuch as 50% of patients. 
In addition, the patients who experienced more extensive LV dyssyn-
chrony after CRT implantation showed less LV reverse remodelling at 
6 months follow-up and worse long-term outcome than patients without 
induced LV dyssynchrony.

Importance of assessing LV dyssynchrony before CRT implantation

QRS complex width is presently used to select patients for CRT as a 
measure of LV dyssynchrony.1, 2 However, electrical dyssynchrony is not 
equivalent to LV mechanical dyssynchrony and a poor correlation between 
QRS duration and LV dyssynchrony has been reported.11 Furthermore, 
heart failure patients with narrow QRS complex may show echocardio-
graphic mechanical LV dyssynchrony amenable to be corrected with CRT.19

The additional value of echocardiographic LV dyssynchrony assessment 
before CRT implantation has been demonstrated in many single-center 
trials.3, 5, 20 The presence of baseline LV dyssynchrony predicts favourable 
response to CRT and improved long-term outcome.21 In addition, recent 
subanalysis of the PROSPECT trial, including 286 patients treated with 
CRT, demonstrated that larger baseline LV dyssynchrony as assessed 
with TDI was strongly associated with larger reduction in LVESV at 
6 months follow-up (P = 0.0022).22 Furthermore, it has been suggested 
that the persistence of LV dyssynchrony after CRT may be a reason for 
sub-optimal response at follow-up.23 Therefore, based on this evidence, 
CRT appears to exert beneficial effects in those patients with base-
line LV dyssynchrony and induces a favourable LV reverse remodelling 
with improved outcome at mid- and long-term follow-up.24, 25 However, 
the effects of CRT on LV dyssynchrony in patients without significant 
baseline LV mechanical dyssynchrony have not been extensively studied. 
In addition, it was unclear if an eventually induced LV mechanical dys-
synchrony after CRT may impact on long-term prognosis of heart failure 
patients. The present study demonstrated for the first time that CRT 
may induce LV mechanical dyssynchrony which was associated with less 
favourable LV reverse remodelling and worse long-term prognosis

Effects of CRT on LV dyssynchrony

In heart failure patients fulfilling current inclusion criteria for 
CRT the prevalence of LV mechanical dyssynchrony as assessed with 
TDI is around 69-75%.14, 26 In this subgroup of patients, after CRT 
implantation, the majority of patients show a significant reduction 
in LV mechanical dyssynchrony which has been associated with favour-
able LV reverse remodelling.8 However, in 5% of patients with overt LV 
mechanical dyssynchrony at baseline, CRT may induce worsening of LV 
dyssynchrony and prevent LV reverse remodelling.8 In contrast, 25-31% 
of patients who may eventually receive a CRT device do not show LV 
mechanical dyssynchrony at baseline.14, 26 In this subgroup of patients, 
CRT may induce LV mechanical dyssynchrony, as demonstrated in the 
present study.

As previously mentioned, QRS duration is not the optimal criterion to 
identify the patients who will respond to CRT. In contrast, QRS morphol-
ogy may provide further assessment of the pattern of activation within 
the LV. The results of a recent subanalysis of the MADIT-CRT trial have 
shown that the patients with left bundle branch block (LBBB) exhibit 
greater clinical benefit from CRT compared to patients with other QRS 
complex morphologies (i.e. right bundle branch block or unspecific 
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interventricular conduction delay).27 However, LBBB is a heterogeneous 
conduction disorder yielding different LV activation time delays as 
assessed by surface ECG.28 Indeed, despite a wide QRS complex with 
LBBB morphology, Sweeney et al. showed that patients with shorter LV 
activation time delays (≤80 ms) had a 51% response rate compared to 
73% response in patients with larger LV activation time delays (≥125 ms).28 
These differences in LV activation time delays may result in different 
LV mechanical activation patterns that determine a different response 
to CRT. Therefore, the presence of LV mechanical dyssynchrony amenable 
to be corrected with CRT rather than only the width or morphology 
of the QRS complex may be more important to predict a favourable 
response to CRT.21 In the present study, despite showing a QRS width 
≥120 ms, a substantial number of patients did not show LV mechanical 
dyssynchrony on TDI echocardiography. After CRT, a significant percent-
age of patients showed increased LV dyssynchrony which remained at 6 
months follow-up. The group of patients with induced LV dyssynchrony 
after CRT showed a lower response rate and worse long-term outcome 
as compared to patients without induced LV dyssynchrony. In contrast, 
the control group formed by heart failure patients with overt LV 
mechanical dyssynchrony at baseline showed a significant decrease in 
LV mechanical dyssynchrony and improved long-term outcome. Several 
trials have demonstrated the relationship between restoration of LV 
synchrony and CRT response and improved long-term outcome.8, 29 In con-
trast, the results of the present evaluation provide novel insights 
by demonstrating that the lack of response to CRT may be explained 
by induction of LV dyssynchrony in patients who show LV synchronous 
contraction despite wide QRS complex.

Clinical implications

Previous studies have shown the long-term benefits of CRT implantation 
in advanced heart failure patients.30, 31 CRT induces LV reverse remodelling 
and improves survival by restoring LV synchrony.8 However, in a significant 
percentage of patients without LV dyssynchrony at baseline, CRT induced 
LV dyssynchrony acutely. This group of patients had worse outcome than 
patients without induced LV dyssynchrony. Therefore, in patient selec-
tion process for CRT, accurate assessment of LV mechanical dyssynchrony 
seems to be clinically relevant, since the induction of LV dyssynchrony 
after CRT may prevent LV reverse remodelling and portend worse long-term 
outcome. In addition, close monitoring of LV mechanical dyssynchrony after 
CRT implantation and further adjustments of the device settings, such as 
interventricular delay, to correct LV dyssynchrony may help to increase 
the favourable response rate to CRT and to improve long-term survival.

Several limitations have to be acknowledged. First, the present evaluation 
is a retrospective analysis and, accordingly, we cannot conclude whether 
withdrawal of CRT should be indicated in patients who show worsening of 
LV dyssynchrony after CRT. A post hoc analysis from the MADIT-CRT trial 
has recently demonstrated that LV mechanical dyssynchrony worsening was 
associated with an increased risk for occurrence of primary end point 
(death or heart failure event).29 Despite the study was not primarily 
designed to demonstrate the relationship between changes in LV syn-
chrony and outcomes, the data come from one of the largest series of 
patients included in a randomized controlled trial and are in line with 
the results of the current evaluation. However, these data should be 
interpreted with caution and additional randomized controlled trials are 
needed to confirm this hypothesis. Second, the assessment of LV dyssyn-
chrony was performed only with TDI. Reproducibility was one of the main 
limitations of this technique in the PROSPECT trial.32 However, in high 
experienced centers, the reproducibility of TDI-derived LV dyssynchrony 
is good.11 The results of the PROSPECT trial promoted the research of 
novel LV dyssynchrony measurements that are currently tested in random-
ized control trials including heart failure patients who fulfil (TARGET 
trial) and do not fulfil current inclusion criteria for CRT (i.e. EchoCRT 
trial).33-35 The use of radial strain imaging with speckle tracking, for 
example, may be more appropriate since overcome some of the limitations 
of TDI (angle insonation dependency, tethering and traction from other 
myocardial regions and cardiac translational artifacts). The results of 
these trials will provide more insight into the clinical relevance of LV 
dyssynchrony measurement.

CONCLUSION

In heart failure patients without LV mechanical dyssynchrony at base-
line, CRT may induce significant LV dyssynchrony which is associated 
with a less favourable response rate and worse long-term outcome as 
compared to patients who remained with synchronous LV contraction. 
Therefore, LV mechanical dyssynchrony assessment at baseline in heart 
failure patients undergoing CRT implantation could be crucial in order 
to anticipate the results of the therapy. The absence of LV mechanical 
dyssynchrony at baseline may anticipate the need of further adjust-
ments of the device settings in order to minimize the induction of LV 
dyssynchrony after CRT implantation.
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CHAPTER 5

EFFECT OF INDUCED LV DYSSYNCHRONY BY 
RIGHT VENTRICULAR APICAL PACING ON  
ALL-CAUSE MORTALITY AND HEART FAILURE  
HOSPITALIZATION RATES AT LONG-TERM 
FOLLOW-UP


