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ABSTRACT

Background and Objectives: The impact of left bundle branch block (LBBB) on left atrial
(LA) dyssynchrony in heart failure (HF) patients with non-ischemic dilated cardiomyopathy
(DCM) has not been clearly elucidated.

Methods: Eighty consecutive symptomatic HF patients with non-ischemic DCM

(left ventricular ejection fraction, LVEF<35%) were included. LBBB was defined on
electrocardiography. Left ventricular (LV) systolic and diastolic dyssynchrony index and LA
dyssynchrony index were obtained by color-coded tissue Doppler imaging.

Results: There was no significant difference in LV size, LVEF, LV global longitudinal strain,
peak atrial longitudinal strain and LA volume between patients with LBBB (n=38) and no
LBBB (n=42). There was a significant difference in LV systolic dyssynchrony index (p=0.014)
and there was a mild difference in LV diastolic synchronicity index (p=0.045) between
patients with LBBB and no LBBB. However, there was no difference in LA dyssynchrony
index between the 2 groups (p=0.60). LA dyssynchrony index was not related to LV systolic
and diastolic dyssynchrony indexes, but it was related to the deceleration time of mitral early
diastolic velocity (E), the ratio of E to mitral annular early diastolic velocity (E/e’) and LA
volume. E/e’ was most related to LA dyssynchrony index (r>=0.325, p=0.002).

Conclusions: LBBB influences both LV systolic and diastolic dyssynchrony, but not LA
dyssynchrony. LA dyssynchrony was related to LV diastolic function regardless of the
presence of LBBB in in patients with non-ischemic DCM.
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INTRODUCTION

Left bundle branch block (LBBB) with widening of the QRS complex is seen in 30% of the
patients with progressive heart failure (HF), and it occurs in nearly half of the patients with
non-ischemic dilated cardiomyopathy (DCM).*?

The deleterious effect of LBBB on left ventricular (LV) systolic and diastolic function caused
by regional delays of electrical activity leads to dyssynchronous LV function and has been
established in HF patients with DCM.?> Cardiac resynchronization therapy is recommended
and improvement of symptoms and ventricular function are expected in considerable HF
patients with LBBB.®

Left atrium (LA) is associated with LV remodeling and function. LA is an important
determinant of LV filling, especially in patients with end-stage systolic or diastolic ventricular
dysfunction” and more impaired LA mechanics are associated with more severe diastolic
dysfunction and predict long-term adverse events in patients with chronic systolic HE.®)
Therefore, LA enlargement with functional impairment is a characteristic finding that causes
atrial electrical and contractility abnormalities in patients with HF.2'%

Recently it has been postulated that some HF with preserved ejection fraction (EF) patients
who present with LA electromechanical conduction delay could be improved by atrial
resynchronization deserves further investigation.')

However, the impact of LBBB on LA dyssynchrony in non-ischemic DCM has not been
clearly elucidated. Therefore, the aim of this study was to assess LA dyssynchrony and its
relationship to LV diastolic function in non-ischemic DCM with and without LBBB.

METHODS

Study population

We enrolled 82 consecutive patients with symptomatic HF due to non-ischemic DCM. The
inclusion criteria of the study were as follows: the presence of HF with LV systolic dysfunction
(LV EF<35%); LV dilation and diffuse hypocontractility on echocardiography; sinus rhythm
either with LBBB or with narrow QRS complex (width<120 ms) on electrocardiography;

no history of angina pectoris or myocardial infarction; and no significant coronary artery
stenosis (250% stenosis) on coronary angiography or coronary angio computed tomography.
LBBB was defined according to standard electrocardiographic criteria as QRS duration >120
ms, a broad, notched, or slurred R wave in the left precordial leads, and an initial R wave
followed by a wide, deep S wave in the right precordial leads on a 12-lead electrocardiogram.
The exclusion criteria included the presence of congenital or valvular heart disease,
hypertrophic or restrictive cardiomyopathy, thyroid disease, and acute myocarditis. All
patients gave informed consent, and study approval was obtained from the Institutional
Review Board of Korea University Medicine (2011AN0318).

Conventional echocardiography

A commercially available echocardiography system (Vivid 7; GE Vingmed Ultrasound AS,
Horten, Norway) with a 3.5-MHz phased array transducer was used for all echocardiographic
studies. LV diameter, wall thickness, and LV mass were measured using the criteria of the
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American Society of Echocardiography.’ The LV volume and EF were calculated using

the biplane Simpson's method from apical 4- and 2-chamber views.'? The LA volume was
measured using the biplane area-length method from the apical 2- and 4-chamber views."?
The LA emptying fraction was determined as (LA maximal volume at end-systole - LA
minimal volume at end-diastole)/LA maximal volume at end-systole.

All volumetric and area parameters were indexed by the body surface area. Mitral inflow was
obtained by pulsed-wave Doppler echocardiography with the sample volume placed between
the mitral leaflet tips during diastole, and the early diastolic velocity (E velocity) and its
deceleration time (DT) were measured. Early diastolic mitral annular velocity at the septal
mitral annulus (e’ velocity) was obtained by Doppler tissue imaging and the the ratio of E to
mitral annular early diastolic velocity (E/e") was calculated.

Strain, tissue Doppler imaging and dyssynchrony analysis

For speckle tracking analysis, apical 4- and 2 chamber, and long-axis views images were
obtained using conventional 2-dimensional grayscale echocardiography. The frame rate
was set between 60 and 80 frames per second. LV global longitudinal strain (GLS, %) was
calculated as the mean longitudinal peak negative strain from 18 apical segments during
a cardiac cycle. LA global peak atrial longitudinal strain (PALS), measured at the end of
the reservoir phase, was calculated as the mean longitudinal peak positive strain from 12
segments in the 4- and 2-chamber views.

Tissue Doppler velocity was used for the assessment of dyssynchrony because of its high
temporal resolution, which allows accurate measurement of mechanical dyssynchrony,
particularly LV diastolic dyssynchrony and LA dyssynchrony.%

Color-coded tissue Doppler imaging (TDI) was applied to record myocardial velocities at the
ventricular and atrial walls (using the 2- and 4-chamber images), with adjustment of depth
and sector width to achieve frame rates of >100 frames/second. To assess the synchronicity
of ventricle, the sample volume was placed in the LV basal and mid portions of the anterior,
inferior, septal, and lateral walls, per region, the time interval between the onset of the

QRS complex and the peak systolic velocity (Ts) and peak of early diastolic velocity (Te) was
derived. LV systolic dyssynchrony index (SD-Ts) was defined as the standard deviation (SD)
of Ts among the 12 LV walls (intraobserver mean difference = 1.3+1.0ms; interobserver mean
difference = 1.7+1.2 ms).

LV diastolic dyssynchrony index (SD-Te) was defined as the SD of Te among the 12 LV walls
(intraobserver mean difference = 1.4+0.9 ms; interobserver mean difference = 2.1+0.8 ms).

To assess the synchronicity of the LA, the sample volume was placed below the mitral
annulus of the anterior, inferior, septal, and lateral LA walls, and the time interval between
the onset of the P-wave and peak of atrial velocity (Ta) was derived. LA dyssynchrony index
(SD-Ta) was defined as the SD of Ta among the 4 LA walls (intraobserver mean difference =
0.9+0.8 ms; interobserver mean difference = 1.6+0.4 ms). At least 3 consecutive beats were
stored digitally and analyzed offline.

Statistical analysis

Data are presented as the mean+SD. The differences between the groups were tested using
the Student's t-test. To assess the relationship of LA dyssynchrony index with various
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echocardiographic parameters, we performed univariate and multivariate analyses based on
stepwise multiple linear regression. All analyses were performed with commercially available
statistical software (SPSS, version 13.0; SPSS Inc., Chicago, IL, USA). A p value<0.05 was
considered to indicate statistical significance.

RESULTS

Clinical and echocardiographic characteristics

From among the 82 patients with non-ischemic DCM, 2 patients were excluded because the
echocardiographic images were not considered acceptable for analysis. Table 1 shows the
clinical characteristics of study patients. Among these 80 patients, 38 had LBBB and 42 had no
LBBB. The width of QRS complex was significantly larger in patients with LBBB than in patients
with no LBBB (168.3+17.9 ms vs. 93.8+14.5 ms, p<0.001). However, there was no difference in
P-wave duration on ECG between the 2 groups (128.5+12.5 ms vs. 122.5+15.4 ms, p=0.24).

There was no significant difference in the baseline clinical parameters, including the
prevalence of hypertension and diabetes mellitus and medical therapy (Table 1). The medical
treatment for patients included B-blockers (n=64, 80%), angiotensin-converting enzyme
inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) (n=66, 82.5%), spironolactone
(n=35, 43.8%), and diuretics (n=60, 75%).

There was no significant difference in echocardiographic parameters including LV size, LV
EF, LV GLS, PALS, LA volume, and mitral inflow and mitral annular Doppler parameters
between patients with LBBB and with no LBBB. LA emptying fraction and a’ velocity were not
different between the 2 groups (Table 2).

Impact of left bundle branch block on left ventricular and left atrial
dyssynchrony

There was a significant difference in SD-Ts (68.2+38.2 ms vs. 48.5+32.0 ms, p=0.014) and
there was a mild difference in SD-Te between patients with LBBB and no LBBB (59.2+36.5
ms vs. 45.3+24.1 ms, p=0.045). However, there was no difference in SD-Ta between patients

Table 1. Clinical characteristics of heart failure patients with non-ischemic dilated cardiomyopathy

With LBBB (n=38) With no LBBB (n=42) p value
Age (years) 6112 58+11 0.203
Men/women 16/22 17/25 0.531
Heart rate (/min) 72+10 76+12 0.381
Systolic BP (mmHg) 119+15 114+16 0.227
Diastolic BP (mmHg) 76+12 72+9 0.209
QRS complex width (ms) 168.3+17.9 93.8+14.5 <0.001
P-wave duration (ms) 128.5+12.5 1292.5+15.4 0.240
Hypertension 9 (23.7) 10 (23.8) 0.599
Diabetes mellitus 8 (21.0) 9 (21.4) 0.593
NYHA class I1/111/1V 8/21/9 9/25/8 0.735
Medications
Beta blocker 30 (78.9) 34 (81.0) 1.000
Diuretics 28 (73.7) 32 (76.2) 0.803
Spironolactone 19 (50.0) 16 (38.1) 0.368
ACEI or ARB 31(81.6) 35 (83.3) 0.534

Data are expressed as the meanzstandard deviation or number (%).
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BP = blood pressure; LBBB = left bundle branch block; NYHA = New York

Heart Association.
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Table 2. Echocardiographic characteristics of heart failure patients with non-ischemic dilated cardiomyopathy

With LBBB (n=38) With no LBBB (n=42) p value
LV end-diastolic volume (mL/m?) 115.7+16.8 109.0+13.7 0.315
LV end-systolic volume (mL/m?) 84.6+14.6 82.4+13.6 0.794
LV ejection fraction (%) 26.1+4.2 24.6+4.2 0.395
LA volume (mL/m?) 44.5+15.4 44.9+17.8 0.448
LA emptying fraction (%) 41.6+10.1 40.8+11.2 0.31
Global LV GLS (%) -6.5+£2.3 -6.2+2.0 0.355
Global PALS (%) 13.0+11.3 13.6+10.9 0.422
E velocity (cm/s) 66.0+26.3 70.1£26.2 0.662
A velocity (cm/s) 72.8+20.1 72.6+23.1 0.982
DT (ms) 200.6+77.4 186.8+67.4 0.216
e’ velocity (cm/s) 3.7£1.2 3.5+1.0 0.453
a’ velocity (cm/s) 6.5+1.8 6.1£1.9 0.562
E/e’ 18.5+8.1 20.2+6.5 0.327
MR grade (>2) 8 (21.0) 11 (26.2) 0.392
PA systolic pressure (mmHg) 492+15 44114 0.764

Data are expressed as the mean+standard deviation or number (%o).

DT = deceleration time of mitral early diastolic velocity; E = mitral early diastolic velocity; E/e’ = the ratio of early diastolic mitral inflow velocity to early diastolic
mitral annular velocity; GLS = global longitudinal strain; LA = left atrium; LBBB = left bundle branch block; LV = left ventricular; MR = mitral regurgitation; PA =
pulmonary artery; PALS = peak atrial longitudinal strain.

with LBBB and no LBBB (20.9+11.5 ms vs. 22.5+14.5 ms, p=0.60) (Figure 1and Table 3).
There were no significant relations of SD-Ts and SD-Te with QRS duration (r=0.282, p=0.095
and r=0.207, p=0.233, respectively). The SD-Ta was not related to P-wave duation (r=0.256,
p=0.189) and QRS duration (r=0.142, p=0.409), neither.
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Figure 1. Comparison of dyssynchrony indexes by the presence of LBBB in heart failure patients with non-
ischemic dilated cardiomyopathy. (A) LV systolic dyssynchrony index. (B) LV diastolic dyssynchrony index. (C) LA
dyssynchrony index.

LA = left atrial; LBBB = left bundle branch block; LV = left ventricular.
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Table 3. LV and LA dyssynchrony indexes

With LBBB (n=38) With no LBBB (n=42) p value
LV systolic dyssynchrony index (ms) 68.2+38.2 48.5+32.0 0.014
LV diastolic dyssynchrony index (ms) 59.2+36.5 45.3+24.1 0.045
LA dyssynchrony index (ms) 20.9+11.5 22.5+14.5 0.600

Data are expressed as the mean=standard deviation.
LA = left atrium; LBBB = left bundle branch block; LV = left ventricular.

Relation between left atrial dyssynchrony and other echocardiographic
parameters

There was no significant relation between SD-Ta and LV volume and LVEF. In addition, SD-Ta
was not related to SD-Ts (r=0.083, p=0.465) and SD-Te (r=0.077, p=0.499).

LA emptying fraction was mildly related to SD-Ta (r=-0.177, p=0.051), but not to a’ velocity
(r=-0.127, p=0.468).

However, SD-Ta was significantly related to the DT (r=-0.249, p=0.029), E/e' (r=0.344,
p=0.002) and LA volume (r=0.242, p=0.031), and E/e’ was most related to SD-Ta (r*=0.329,
p=0.002) (Figure 2, Table 4).

Patients with higher E/e’ (>15, n=52) showed higher SD-Ta than patients with lower E/e’ (<15,
n=28) (24.3+14.0 ms vs. 17.1+9.9 ms, p=0.018), but there were no significant differences in
SD-Ts and SD-Te between the 2 groups (p=0.992 and p=0.069, respectively).
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Figure 2. The relationship between LA dyssynchrony index and LV diastolic parameters in heart failure patients with
non-ischemic dilated cardiomyopathy. (A) DT, (B) E/e’, and (C) LA.
DT = deceleration time of mitral early diastolic velocity; E/e’ = the ratio of early diastolic mitral inflow velocity to
early diastolic mitral annular velocity; LA = left atrial; LV = left ventricular.
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r p value
Age 0.025 0.826
LV end-diastolic volume -0.127 0.482
LV end-systolic volume -0.081 0.654
LV ejection fraction -0.132 0.449
LV GLS 0.189 0.089
LA volume 0.242 0.031
LA emptying fraction -0.77 0.051
PALS -0.181 0.049
E velocity 0 0.544
A velocity -0.192 0.294
DT -0.249 0.029
e’ velocity -0.281 0.119
a’ velocity -0.127 0.468
E/e’ 0.344 0.002
LV systolic dyssynchrony index 0.083 0.465
LV diastolic dyssynchrony index 0.077 0.499

DT = deceleration time of mitral early diastolic velocity; E = mitral early diastolic velocity; E/e’ = the ratio of early
diastolic mitral inflow velocity to early diastolic mitral annular velocity; GLS = global longitudinal strain; LA = left
atrium; LV = left ventricular; PALS = peak atrial longitudinal strain.

DISCUSSION

The present study showed that 1) there was a significant difference in LV systolic dyssynchrony
index and there was a mild difference in LV diastolic dyssynchrony index between patients with
LBBB and no LBBB, 2) there was no difference in LA dyssynchrony index between patients
with LBBB and no LBBB, and 3) LA dyssynchrony index was related to LV diastolic parameters
regardless of the presence of LBBB in HF patients with non-ischemic DCM.

LBBB is common in HF patients with non-ischemic DCM and occurs in up to nearly 50% of
the patients.'® It has been demonstrated that LBBB leads to a disturbed synchrony of the LV
wall, and consequently, to a poor coordination of ventricular contraction and relaxation and
to an impaired LV diastolic and systolic function in HF patients with DCM.#>10)

With similar QRS duration in LBBB, the mechanical effect may depend on the site of block
and have different electrical activation process by transseptal time. Therefore, the degree of
LV mechanical dyssynchrony assessed by echocardiography may not be well correlated with
LV electrical dyssynchrony assessed by QRS duration on ECG. Our study also showed no
significant relation between them.

There are a few studies on the relation between LBBB and increase in LA size in ischemic
heart disease and LV hypertrophy,”'® whereas there are hardly any studies about the impact
of LBBB on LA electromechanical and volumetric remodeling in HF patients with non-
ischemic DCM. LA enlargement with functional impairment is a characteristic finding that
causes atrial electrical and contractility abnormalities in patients with HE.2'” LA remodeling
with enlargement and dysfunction is an important determinant of LV filling, especially in
patients with end-stage systolic or diastolic ventricular dysfunction” and more impaired

LA mechanics are associated with more severe diastolic dysfunction and predict long-term
adverse events in patients with chronic systolic HE.® Therefore, it has been shown that LA
remodeling acts as a barometer of LV diastolic burden.?)
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Patients with a decreased LVEF had an increased risk proportional to the increase in

the size of the LA, which was independent of LVEF, age, or symptomatic status. The

main determinant of LA volume is ventricular diastolic function. It has been suggested

that enlarged LA volume may be the morphophysiologic expression of chronic diastolic
dysfunction. In fact, the LA is exposed directly to LV diastolic pressure through the open
mitral valve; and it tends to dilate with increasing pressure because of its thin wall structure.

In addition to structural remodeling, congestive HF also causes electrical remodeling
of the atria including depressed excitability, increased refractoriness, and slowed
conduction or block.?”%?) Congestive HF may also be associated with abnormalities of
cell electrophysiology such as cellular uncoupling and anisotropy.? Atrial remodeling is
responsible for the conduction delay and atrial arrhythmias.

More LA enlargement may be related to more LA dyssynchrony,?? and in our study, LA
dyssynchrony index was also related to LA volume. Therefore, more impaired LA mechanics
due to LA dyssynchronous motion are related to more LV diastolic dysfunction. In our study,
LA dyssynchrony index was related to LV diastolic parameters such as DT of E and E/e’

and patients with high E/e’ showed higher LA dyssynchrony index than patients with low
E/e'. Increased LV filling pressure estimated by E/e’ represents increased afterload for the
LA; thus, LV diastolic dysfunction may contribute to the deterioration of LA mechanics by
hemodynamic overload and mechanical stretch of the LA.2Y2)

However, we did not identify the relationship of the presence of LBBB with LA remodeling
and the direct impact of LBBB on LA electromechanical dyssynchrony in HF patients with
advanced non-ischemic DCM. P-wave duration is decided by bi-atrial conduction time and
may not have correlation with LA mechanical dyssynchrony or mechanical delay. In addition,
LV conduction delay by LBBB may not have a direct impact on LA conduction, but LV
dysfunction by LBBB is significant impact on LA function and remodeling, either structural
and function.?

LA remodeling may be caused by LV diastolic dysfunction and LA myopathic process, and LA
enlargement with dysfunction consequently begets more LV diastolic dysfunction.

Our findings indicate that LA enlargement and electromechanical dysfunction are mainly
caused by advanced LV diastolic dysfunction, in addition to LV dilatation and systolic
dysfunction regardless of the presence of LBBB in HF patients with non-ischemic DCM.
Therefore, our findings highlight the importance of identifying and treating significant
LV diastolic dysfunction and its hemodynamic sequelae to minimize their contribution to
greater LA remodeling and to worsening of congestive HF.

Although the patients in this study had a normal sinus rhythm, many HF patients with DCM
have either paroxysmal or persistent atrial fibrillation (AF). LA dyssynchrony index has

been shown as a possible predictor of the new development or recurrence of AF in various
conditions,?®? and we expect to perform follow-up studies in these patients to assess the
prognostic value of LA dyssynchrony index for predicting AF.

Recently it has been postulated that some HF with preserved EF patients who present with

LA electromechanical conduction delay and delayed LA systole could be improved by atrial
resynchronization deserves further investigation." However, in our study with HF patients
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with DCM, LA dyssynchrony was related to LV diastolic parameters such as DT, E/e’ and LA
volume regardless of the presence of LBBB and we may recommend that the management
of HF with volume control and improvement of LV diastolic function may improve LA
dyssynchrony and mechanical dysfunction rather than or before considering atrial
resynchronization in these patients.

The present study included a relatively small number of subjects. Our results were limited to
HF patients with non-ischemic DCM, and therefore, they may not be readily generalizable to
patients with different causes of HF and LV EF. Two patients were excluded from the analyses
because they had unacceptable image quality. It was not possible to obtain acceptable tissue
velocity images from 2 patients because the LA wall was too thin to place the sample volume
within the myocardium during a cardiac cycle. Although the advantage of speckle-tracking
strain over TDI velocity is that strain is less affected by passive motion or tethering,” the
analysis have a limitation when apical LV wall are not fully included particularly in patients
with severely dilated heart. In addition, there is still limitation to resolve with speckle-
tracking strain tracing the LA cavity and is a myocardial wall dropout in the intra-atrial
septum, LA appendage and the pulmonary veins. Moreover, TDI velocity was used for the
assessment of LV diastolic dyssynchrony and LA dyssynchrony because of its high temporal
resolution, which allows accurate measurement of mechanical dyssynchrony.* Finally,
there are a number of limitations in examining the effects of medical therapy in patients with
HEF. However, in this study, most HF patients used ACEIs or ARBs and beta blockers and there
were no significant differences in dyssynchrony index due to these medications.

In conclusion, LBBB influences both LV systolic and diastolic dyssynchrony, but not LA
dyssynchrony. LA dyssynchrony was related to LV diastolic function regardless of the
presence of LBBB in patients with non-ischemic DCM and the management of HF with
improvement of LV diastolic function may improve LA dyssynchrony and mechanical
dysfunction regardless of the presence of LBBB in these patients.
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