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Background: LBBB affects LV function and causes LV mechanical
dyssynchrony. Prevalence of LBBB increases with age about 0.05% to
5.7% between age of 30-80 years in otherwise healthy population. Aim
of the study was to evaluate the LV function and mechanical
dyssynchrony with 2D Echocardiography, 2D speckle tracking and real
time 3D Echocardiography (RT3DE) in asymptomatic LBBB patients,
non- LBBB volunteers, and with symptomatic LBBB patients.
Methods: 2D Echocardiography, 2D speckle tracking and real time 3D
Echocardiography was performed in 191 patients, 65 were non- LBBB
volunteers, 60 patients were asymptomatic LBBB and 66 patients were
symptomatic LBBB patients. Global LV function and mechanical
dyssynchrony were measured.

Results: Non LBBB volunteers mean LV ejection fraction by 2D Echo
was 67.18+ SD 3.45, in RT3DE mean LV ejection fraction was
61.88+SD 3.12. In asymptomatic LBBB patients LVEF by 2D was
58.43+ and RT3DE LVEF was 54.47+ 4.08. In heart failure (HF) with
LBBB patients 2D LVEF was 43.53+7.12 and 3D LVEF 39.21+7.97.
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LV dyssynchrony measurements by 2D speckle tracking analysis

showed:

A. Sdt of 6S segments by CS wasb4.82+11.2, 96.43+17.73,
119.02+23.17 for non-LBBB volunteers, asymptomatic LBBB
patients and symptomatic LBBB patients respectively.

B. Sdt of 12S by LS was 52.96+5.1, 90.03+16.2, 111.75+34.22 for
non-LBBB volunteers, asymptomatic LBBB patients and
symptomatic LBBB patients respectively.

Systolic dyssynchrony (SDI) index by RT3DE was 5.07+2.22, 7.44+

1.45, 15.08+3.85 for non-LBBB volunteers, asymptomatic LBBB

patients and symptomatic LBBB patients respectively.

Conclusion: Asymptomatic LBBB patients have more depressed LV

function than non LBBB volunteers with intermediate mechanical

dyssynchrony, symptomatic LBBB patients have moderate to severe

LV dysfunction and most severe mechanical dyssynchrony among the 3

groups.

Copy Right, 1JAR, 2017,. All rights reserved.

Introduction:-

Left ventricular (LV) mechanical dyssynchrony is observed in left bundle branch block (LBBB). Persistent
mechanical dyssynchrony contributes to progressive ventricular remodelling and impaired systolic LV function. *
Mechanical dyssynchrony may partially be responsible for the increased morbidity and mortality in heart failure
(HF) patients with conduction abnormalities as a LBBB, compared to patients without a LBBB. ?°

In patients without underlying structural cardiac disease, except the presence of a LBBB, subtle impaired systolic
and diastolic LV functions are frequently found.® However, impaired function in these patients is not always
recognized because of lack of clinical symptoms. &2

Prevalence of LBBB increases with age about 0.05% to 5.7% between age of 30-80 years in otherwise healthy
population.?*? Currently, the most widely used methods for the clinical assessment of LV function and mechanical
dyssynchrony are two-dimensional (2D) echocardiography and tissue Doppler imaging. ***

Speckle tracking strain analysis method based on grayscale 2-dimensional (2D) images, and transthoracic real-time
three- dimensional echocardiography (RT3DE) are relatively novel imaging technique which offers the unique
opportunity to evaluate global LV function fast and accurate, without presumptions and with comparable results as
2D Echocardiography and magnetic resonance imaging.***® In addition, combined with specially designed software,
provides detailed quantitative information of mechanical dyssynchrony. ¢

Therefore, we designed a prospective cross-sectional study to assess global LV function and mechanical
dyssynchrony in consecutive LBBB patients. The first purpose of this study was to evaluate global LV function and
the amount of mechanical dyssynchrony by Speckle tracking strain analysis and RT3DE in asymptomatic LBBB
patients compared to non- LBBB volunteers and patients with symptomatic LBBB. The second purpose was to
evaluate the association between LV mechanical dyssynchrony and the presence or absence of symptoms of HF.

Methods:-

LBBB was diagnosed according to standard electrocardiography criteria: A QRS duration greater than 120 ms,
absence of initial septal Q waves, a broadened 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. Symptoms of HF included
dyspnoea, ankle oedema, fatigue and reduced exercise tolerance.

Consecutive OPD and IPD patients of LBBB attending to our department of Cardiology were included as per
inclusion criteria. Ethical committee clearance was taken.
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There are very few studies quantifying LV volume, ejection fraction and mechanical dyssynchrony in patients with
LBBB by 2D Echocardiography, 2D speckle tracking, real time 3D echo, hence we have taken up this study.

One hundred and ninety one subjects were studied, consisting of sixty five volunteers with no abnormal findings
during physical examination, no conduction abnormalities on electrocardiogram; sixty consecutive asymptomatic
LBBB patients, with no history of structural cardiac disease and no abnormal findings during physical examination,
New York Heart Association function class (NYHA) | and sixty-six consecutive symptomatic LBBB patients,
NYHA 11111, without pulmonary hypertension, were screened.

ECG gated echocardiography was performed using EPI Q 7C (Philips Medical Systems, Andover, Mass), installed
with highly advanced software techniques are used for 2D echocardiography, 2D speckle tracking with strain
imaging, real time 3D Echocardiography image acquisitions. A matrix array transducer with a frequency range from
2 to 5 mhz, and the transducer was maintained in a fixed orientation. A complete examination of patients with
normal conduction and those with LBBB was performed

Quantification of LV function:-

Dimensional echocardiographic LV volume and LVEF by modified Simpson’s method:-

Transthoracic apical 4-chamber view was performed, later Left ventricular end diastolic image and Left ventricular
end systolic images were acquired, and in the same way apical 2-Chamber Left ventricular end diastolic image and
Left ventricular end systolic ECG gated images were acquired with patient in left lateral decubitus position. Then
LV end diastolic volume, LV end systolic volumes, LVEF was estimated in apical 4- and apical 2-chamber windows
by the modified Simpson’s method.

The volume of the LV is calculated from the dimension and area obtained from orthogonal apical views (four-
chamber and two-chamber views). The LV volume was then calculated with the modified Simpson method or disk
summation method

Three -Dimensional data acquisition and Analysis:-

Three-dimensional echocardiography, first as reconstructed images and more recently as real-time acquisition,
provides reproducible assessment of LV volumes, dimensions and systolic function. Using dedicated reconstruction
software, semi-automated border detection allows continuous volume calculation of all 16 myocardial segments
simultaneously. Represented as regional volumetric curves during the cardiac cycle, the timing of minimal volume
for each segment can be analyzed. With normal homogeneous activation, the different LV segments reach their
minimal volume at the same time.

Transthoracic apical 4-chamber full volume acquisitions were made during 4 —6 s breath-hold, with the patient in
left lateral position. Care was taken to include the entire LV volume within the pyramid shaped 3D scan-volume.
Due to the sector width of the acquired volume, three alternate heart cycles and a constant R-R interval were
obligatory or compulsory to create a full-volume acquisition of the LV.

Then apically acquired dataset was imported into an offline software package for analysis.

» ldentification of three points or land marks i, e mitral valve, aortic valve and apex was done, then the volume
data set was automatically sliced into eight equally rotated imaging planes, in this end systolic frame and end
diastolic frames were identified.

» After identification of end systolic frame and end diastolic frames, the apex and two annulus points were
determined in both end diastolic and end systolic state.

» Later endocardial borders were traced in end-diastole using an automated counter detection software system, in
case the borders were not accurate, manually these endocardial borders were manipulated and adjusted, then a
full volume 3-D model of the left ventricle was reconstructed.i.e a LV cast is formed.

»  After a full volume 3D model of the left ventricle was reconstructed, the left ventricle was divided into 16-
segments, then segmental analysis was performed, later end diastolic end systolic volumes and ejection fraction
were displayed on screen along with this global and segmental volume and EF were presented.

Quantification of left ventricular mechanical dyssynchrony:-
Real time 3D Echo:-
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LV cast was divided into 16 pyramid-shaped segments. For each segment, a regional time-volume curve was
obtained and the systolic dyssynchrony index (SDI) was derived. From the regional time-volume curves, the systolic
dyssynchrony index (SDI) was derived. ?° SDI is based on the standard deviation of mean time-to-minimal regional
volume of 16 LV segments (six basal, six mid-segments and four apical segments) during a cardiac cycle. In other
words, SDI is the dispersion of time-to-minimal regional volume for all 16 LV segments. Time is represented as
percentage of the RR interval to allow comparisons of different patients which otherwise could be influenced by RR
interval duration.

Speckle tracking strain Analysis:-

Standard grayscale 2D images were acquired in the 2- and 4-chamber apical views as well as the parasternal and
short-axis views. From an end-systolic single frame, a region of interest was traced on the endocardial cavity
interface by a point-and-click approach. Then an automated tracking algorithm followed the endocardium from this
single frame throughout the cardiac cycle. Further adjustment of the region of interest was performed to ensure that
all of the myocardial regions were included. Speckles, equally distributed in the region of interest, could be followed
throughout the entire cardiac cycle. The distance between the speckles was measured as a function of time, and
parameters of myocardial deformation could be calculated.

Myocardium was divided into 6 segments that were color coded and displayed into 6 segmental time-strain curves
for CS, and LS .*’

Two different parameters for dyssynchrony were obtained:-

Circumferential Strain (CS)

» Difference between time to peak-systolic strain of the (antero) septal and posterior segments (AS-P delay).
Figure B

» The standard deviation of time to peak-systolic strain for all 6 segments (sdt6s) was measured.

Figure B:- Difference between time to peak-systolic strain of the (antero) septal and posterior segments (AS-P
delay) by circumferential strain.

Longitudinal Strain (Ls):-

» Difference between time to peak-systolic strain of the basal-septal and basal-lateral LV segment (BS-BL delay).
Figure C

» The standard deviation of time to peak-systolic strain for 12 LV segments (sdt12s)

Figure C:- Difference between time to peak-systolic strain of the basal-septal and basal-lateral LV segment (BS-BL
delay) by longitudinal strain.
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Statistical Analysis:-

Data are expressed as mean value + standard deviation(SD). For comparison of means between the three groups, a
one way ANOVA test with Tukeys multiple posthoc analysis was used. A probability value of p <0.05 was
considered as statistically significant.

Results:-

Subjects:-

A total of 191 consecutive LBBB patients and non- LBBB volunteers were enrolled. The final study population
consisted of Sixty five non LBBB volunteers (mean age 51+7 years, QRS duration 96+4 ms), sixty patients with an
asymptomatic LBBB (mean age 60+7 years, QRS duration 139+2ms) and sixty-six patients with symptomatic
LBBB (mean age 61£9 years, QRS duration 151£10 ms).

QRS duration of both asymptomatic LBBB and symptomatic LBBB groups was significantly more compared to
non- LBBB volunteers (p= 0.0001)
Then further comparing QRS duration of symptomatic LBBB patients and asymptomatic LBBB it was observed that

symptomatic LBBB patients had more QRS duration. (p=0.0001). Table 1

Table 1:- Patient characteristics.

Non- LBBB Asymptomatic LBBB | Symptomatic LBBB P value
volunteers
Number (n) 65 60 66 -
Male , n(%) 34(52.35) 17 (28.33) 48(65.15) -
Age 51 +7 60 +7 61 +9 -
NYHA class I 1-111 -
QRS duration 96.14 +4.22 139.67 £1.81 * 151.75 £10.09 },# <0.0001
Hypertension,n 13 18 22 -
Diabetics,n 10 21 24 -
Diuretics ,n - 6 66 -
Beta blockers,n - 4 62 -
ACE/ ARB,n 10 15 46 -
Statin ,n 10 14 56 -
Antiplatelet agents,n 10 20 64

LBBB, left bundle branch block; NYHA, New York Heart Association function class; ACEI, ACE |nh|b|t0r ARB,

angiotensin receptor blockade;
* Significant difference non-LBBB volunteers versus Asymptomatic LBBB.
tSignificant difference non- LBBB volunteers versus symptomatic LBBB.

# Significant difference asymptomatic LBBB versus symptomatic LBBB.
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Global LV function:-

2D Echocardiography by Simpsons method

EF, ESV and EDV in both asymptomatic LBBB and symptomatic LBBB patients when compared to non- LBBB
volunteers was significantly low (p=0.0001)

Then when EF, ESV and EDV in symptomatic LBBB compared to asymptomatic LBBB was significantly lower
(p=0.001) Table 2

Real time 3D Echocardiography parameters:-

EF, ESV and EDV values showed same results of significant difference when compared among the 3 groups as in
2D Echocardiography. Table 2

Comparing ESV, EDV, EF values of 2D and 3D Echocardiography:-

Comparison of EDV, EF values on 2D and 3D Echocardiography of all the 3 groups showed that real time 3D
echocardiographic values were lesser, which was statistically significant.(p=0.0001)

Comparison of ESV values on 2D and 3D Echo was also statistically significant and lesser by real time 3D
echocardiography in non-LBBB volunteers and symptomatic LBBB groups (p=0.0001)

But comparison of ESV values on 2D and 3D Echo in asymptomatic LBBB was not significant (0.254). Table 2.

Table 2:- Global LV function.

Groups 2D Echo RT3D E P value

Non-LBBB LVEF 67.18+11.05 61.88+3.13*1# <0.0001
LVEDV 58.75+7.79 47.77+7.92*% 1 +# <0.0001
LVESV 25.25+4.47 21.69+3.84*+# <0.0001

Asymomatic LVEV 58.43+2.63 54.47+4.08*1+# <0.0001

LBBB LVEDV 76.02+11.58 70.52+7.71*+# <0.0001
LVESV 30.68+5.33 31.52+3.50 1t# 0.254,0.0001%1#

Symptomatic LVEV 43.53+7.12 39.21+7.97*1+# <0.0001

LBBB LVEDV 97.44+37.84 84.53+30.74*+# <0.0001
LVESV 58.42+29.49 49.17425.39%{ 1# <0.0001

LBBB- Left bundle branch block; Lv- Left ventricle; EF- Ejection fraction; EDV- end-diastolic volume; ESV- end-
systolic volume; 2D- 2-dimensional Echocardiography; RT3DE- Real time 3-dimensional Echocardiography.
1Significant difference non-LBBB volunteers versus Asymptomatic LBBB.

tSignificant difference non- LBBB volunteers versus symptomatic LBBB.

# Significant difference asymptomatic LBBB versus symptomatic LBBB

* Significant difference 2D Echo versus RT3D Echo.

Quantification of LV mechanical dyssynchrony:-

Real time 3D Echo:-

Mean SDI of both groups asymptomatic LBBB (7.44+1.45) and symptomatic LBBB (15.08+3.85) was statistically
significant and more when compared to non- LBBB volunteers (5.07+2.22) (p=0.0001) and mean SDI of
symptomatic LBBB was more and statistically significant than asymptomatic LBBB (p=0.0001). Table 3, Figure A,
Figure 1.

Figure A:- Regional time-volume curve and systolic dyssynchrony index by RT3DE
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Figure 1:Comparison of three groups (symptomatic LBBB, asymptomatic
LBBB and non-LBBB volunteers) with mean SDI scores
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Speckle tracking strain Analysis:-
AS- P delay and sdt6s as assessed by CS and BS- BL delay and sdt12s assessed by LS were significantly more in
asymptomatic LBBB and symptomatic LBBB patients when compared to non- LBBB volunteers(p=0.0001).
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Further when asymptomatic LBBB patients and symptomatic LBBB patients were compared for these parameters,
symptomatic LBBB patients had significantly more LV dyssynchrony (p=0.0001).Table 3, Figure D, Figure 2,3.

Table 3:- Mechanical dyssynchrony.

Non- LBBB Asymptomatic LBBB Symptomatic LBBB P value
volunteers
SDI(%) 5.07+2.22 7.44+1.45 * 15.08+3.857,# <0.0001
AS-PS delay by CS | 46.2+11.30 73.65+23.01* 133.80+40.957,# <0.0001
Sdt 6s by CS 54.88+11.29 96.43+17.73* 119.02+23.171,# <0.0001
BS -BL delay by LS | 47.03+£9.31 102.67+21.62* 113.88+40.697,# <0.0001
Sdt 12s by LS 52.96+5.15 90.03+£16.29* 111.75+34.221 # <0.0001

LBBB, left bundle branch block; SDI, systolic dyssynchrony index;AS-P delay - difference between time to peak
systolic strain of the anteroseptal and posterior segments; BS-BL delay - difference between time to peak systolic
strain of the basal-septal and basal lateral segments; CS - circumferential strain; LS - longitudinal strain; sdt6s-
standard deviation of the time to peak systolic strain of 6 segments; sdt12s - standard deviation of the time to peak
systolic strain of 12 segments;

* Significant difference non-LBBB volunteers versus Asymptomatic LBBB.

tSignificant difference non- LBBB volunteers versus symptomatic LBBB.

# Significant difference asymptomatic LBBB versus symptomatic LBBB.

Figure D:- Standard deviation of time to peak-systolic strain for all 6 segments (sdt6s) by speckle tracking.

ANT-SEPT
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Figure 2:Comparison of three groups (Symptomatic LBBB, Asymptomatic
LBBB, Non- LBBB volunteers) with mean SD+6S by CS scores
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Figure 3:Comparison of three groups (symptomatic LBBB, asymptomatic
LBBB, Non- LBBB volunteers) with mean SD= 12s by LS scores
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Discussion:-

Important finding of this study is that, 2D Echocardiography, 2D speckle tracking, RT 3D Echo are useful for
detecting differences in global LV function and mechanical LV dyssynchrony in LBBB patients with or without
symptoms compared to non- LBBB volunteers.

Assessment of global LV function demonstrated that patients with asymptomatic LBBB and patients with
symptomatic LBBB had a mild and moderate to severe reduction in EF respectively.

The EF, EDV, ESV measured with RT 3D Echo was lesser than one would expect when conventional 2D
Echocardiography is used.

Mechanical dyssynchrony assessed by RT 3D Echo and speckle tracking strain analysis showed that non-LBBB
volunteers had mild mechanical dyssynchrony. In asymptomatic LBBB patients intermediate mechanical
dyssynchrony was observed and in symptomatic LBBB patients severe mechanical dyssynchrony was noted, which
differed significantly among these 3 groups.

As observed previously in other studies, the EF and the amount of mechanical dyssynchrony showed an inverse
correlation.? In accordance with results of a study by Vernooyet al., ! the trend to increased mechanical
dyssynchrony in asymptomatic LBBB patients and the significant increased mechanical dyssynchrony in
symptomatic LBBB patients in the present study, might be held responsible for the observed mild global LV
dysfunction in asymptomatic LBBB patients and moderate to severe global LV dysfunction in symptomatic LBBB
patients . Thus, demonstrating that mechanical dyssynchrony might negatively affect LV function and the resulting
symptomatic status.

A study conducted by Kapetanakis et al.° showed HF with symptomatic LBBB patients with severe LV dysfunction
had SDI of 15.7+6.7 which was in accordance with SDI of 15.08+3.85 in our symptomatic LBBB patients.

Another study conducted by Jeroen van dijk et al.?® found SDI of 12.8+4.8 in HF patients with LBBB which was in
accordance with SDI of 15.08+3.85 in our study.

In our study, number of LBBB patients enrolled is larger when compared to other older studies. It is also one of the
first of its kind where LBBB patients are evaluated to assess global LV function and mechanical dyssynchrony in
comparison to non- LBBB volunteers by means of 2D Echocardiography, 2D Speckle tracking strain analysis and
3D Echocardiography.

Clinical implications:-

With evaluation of LBBB patients with and without symptoms, differences in global LV function and mechanical
dyssynchrony was observed which suggested that patients with a LBBB, who achieve a certain amount of
mechanical dyssynchrony, may develop symptomatic HF. Therapeutic interventions that will decrease mechanical
dyssynchrony may lead to a reduction of symptoms and improvement in LV function.

Study limitations:-

In patients with a LBBB, it is often unknown for how long a LBBB has been present. The process of remodelling of
the LV that might occur after the formation of a LBBB, may be more distinct in a patient with a long lasting LBBB,
than in a patient with a new onset LBBB.

In RT3DE, frame rates are relatively low (20 —25 Hz) compared to tissue Doppler imaging (100 -150 Hz). For
evaluation of mechanical dyssynchrony, low frame rates can be a limitation in detecting very subtle dyssynchrony
differences between the segments. However, RT3DE acquisitions have high spatial resolution and post-processing
analysis can be done fast with good reproducibility, compared to other imaging techniques. *%*
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Conclusion:-

2D Echocardiography, 2D Speckle tracking strain analysis and 3D Echocardiographic evaluation of LBBB patients
with or without symptoms and non-LBBB volunteers showed that global LV function of asymptomatic LBBB
patients already slightly impaired compared to non- LBBB volunteers. However it was observed that patients with
symptomatic LBBB have most severely impaired LV function.

Based on global LV function analysis in all 3 groups by 2D Echocardiography and real time 3D Echocardiography
found that the values observed by real time 3D Echocardiography were significantly lesser when compared to 2D
Echocardiography as 2D Echo considers LV in the form of a cylinder. Whereas, real time 3D Echocardiography
during measurements take endocardial contours which are semi-automatically detected during the complete cardiac
cycle creating a LV cast which is used to measure the LV volumes and EF. Hence real time 3D Echocardiography is
more accurate and standardised method when compared to 2D Echocardiography.

Mechanical LV dyssynchrony in asymptomatic LBBB patients is already increased and patients with symptomatic
LBBB have the more severe mechanical dyssynchrony.

Quantification of mechanical dyssynchrony with 2D speckle tracking strain imaging and RT3DE is useful, as
increased mechanical dyssynchrony might have an effect on global LV dysfunction and consequential symptoms.
EF and the amount of mechanical dyssynchrony showed an inverse correlation in our study indicating that when a
substantial level of LV mechanical dyssynchrony is reached, it might be suggestive for the presence of symptoms.
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