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ABSTRACT

Background:Speckle tracking echocardiography parameters like Global longitudinal strain (GLS) and Global circumferential strain (GCS) are
developing modalities to analyze ischemia, which has the unique advantage of differentiating active contraction from passive motion. Speckle
tracking echocardiography can be utilized as a non invasive technique to analyze and differentiate Left Bundle Branch Block (LBBB) caused by
ischemia.

Aims & objectives: Tostudy the 2D Echo Spectral imaging in patients presenting with symptomatic LBBB, to assess their coronary angiogram and
determine the efficacy of 2D spectral imaging by sensitivity analysis

Methods: Theprospective observational study was conducted in Apollo Hospitals, Chennai in the Department of Cardiology. A total of 95 patients
with symptomatic LBBB were included in our study. GLS and GCS were measured followed by Coronary Angiogram. Speckle tracking
echocardiography findings in ischemic and non-ischemic LBBB were correlated at our center.

Results:The mean GLS of Ischemic subgroup (N=50) patients is -10.90+3.54. whereas the mean GLS of non-ischemic subgroup (N = 45) is -
14.4144.79. On analyzing and correlating GLS between both the groups, it was found to have statistically significant differences between ischemic
and non-ischemic patients with p-value = 0.001.The mean GCS of non-ischemic patients (N =45) is - 15.100 + 5.07. The mean GCS of Ischemic
patients (N = 50) is - 13.30 + 3.48.There are statistically significant differences in GCS between ischemic and non-ischemic patients, p-value =
0.006.

Conclusion: 2D Echo Spectral imaging parameters like GLS and GCS are useful in discriminating Ischemic and Non ischemic aetiology in the

patients presenting with LBBB.
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INTRODUCTION

Isolated Left Bundle Branch Block (LBBB)refers to asymptomatic
LBBB in young subjects without any structural heart disease, without
any cardiovascular risk factors, has not been seen to affect those
individuals and is generally associated with a good prognosis. In
subjects older than 40 years of age, it has been seen that LBBB affects
cardiovascular events and there by acts as a prognostic marker'.
Contrary to the right bundle branch, the left ventricular conduction
system is a large, diffuse structure that typically requires a significant
insult to result in widespread injury. If LBBB is present in the context
of myocardial infarction, the infarction site is usually anterior or
anteroseptal, and the MI usually involves a large territory of the
myocardium’. The most widely accepted tools to aid in diagnosing MI
in the presence of LBBB are the Sgarbossa criteria, which is first
introduced over 20 years ago to substantially improve the diagnostic
accuracy for MI in the presence of LBBB. Notwithstanding, stress
testing within sight of LBBB is complicated because of the higher
paces of false-positive discoveries, regardless of whether imaging
modalities are utilized. As a result of these constraints, patients with
LBBB are frequently alluded to invasive Coronary angiography
(CAG) to exclude Coronary artery disease (CAD).’Speckle tracking
echocardiography is one of the developing modalities to analyze
ischemia, ischemic wall motion abnormalities are often associated
with passive motion, such as passive expansion and recoil and
tethering from adjacent segments, strain imaging has the unique
advantage of differentiating active contraction from passive motion,
which is visually challenging. In this manner, it can be utilized to
analyze LBBB brought about by ischemia non-invasively." This
obviated the need to study further the role of speckle tracking in the
determination of the etiology of LBBB to prevent unnecessary
invasive tests.’

In this study, we analyzed the 2D Echo Spectral imaging in patients

presenting with symptomatic LBBB admitted in cardiology
department at Apollo Main Hospitals, Chennai. We assess coronary
angiogram in patients presenting with symptomatic LBBBand
determine the efficacy of 2D spectral imaging by sensitivity analysis.

MATERIALAND METHODS

This is a prospective observational study involving 95 patients who
cameto Cardiology outpatient department (OPD) or Emergency
department at Apollo Main Hospitals, Chennai with baseline 12 lead
electrocardiography of complete LBBB (QRS 120 ms) in Sinus
rhythm and presented with history of Angina on exertion — Canadian
Cardiovascular Class 2/3, Acute onset chest pain, Dyspnea on exertion
- NYHA class II/I1I, Acute onset class IV dyspnea are included in the
study. The exclusion criteria involves patients with known case of
Valvular Heart Diseases, CAD, ischemic and non-ischemic
cardiomyopathy, Congenital heart disease, patients with poor
echocardiographic window not suitable for Speckle
echocardiographic analysis and patients in whom CAG could not be
done

Data collection

It included baseline patient characteristics including atherosclerotic
risk factors, ECG, echocardiography, routine research center work,
and statistical and clinical information. The associated conditions
considered in the study were hypertension, dyslipidemia, diabetes
mellitus. Patients with complete LBBB with the above-mentioned
symptoms were admitted for the treatment and stabilization and
further classified into three groups on the basis of ejection fraction (2D
Planimetry method)

1.LVEF > 50 % (Group 1)
2.LVEF 3510 50 % (Group 2)
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3.LVEF <35 % (Group 3)

Electrocardiographic Criteria for Complete LBBB -A complete LBBB

is characterized as

e QRSduration 120 ms

*  BroadNotched orslurred R wave inlead 1,aVL, V5,V6

*  Narrow r followed by broad and deep S waves in right precordial
leads.

*  Rpeaktime>60msinleads V5and V6.

Following which patients were taken for invasive coronary angiogram
and were grouped into ischemic and non-ischemic LBBB accordingly.
For CAG either by radialor femoral route, a 5-Fr or 6-Fr diagnostic
catheter was used to specifically cannulate the ostium of the
coronaries. All viewed angiographic images were analyzed and the
stenosis degree was evaluated by the American Heart Association
classifying framework and offline QCA. The minimal lumen diameter
(MLD), distal reference, proximal reference, reference width (RD),
level of measurement stenosis (% DS), and lesion length with the least
foreshortening view was estimated utilizing standard procedures.

Finally speckle echocardiography was pursued to study and correlate
the following parameters in the two groups.

*  Global longitudinal strain (GLS)

*  Global circumferential strain (GCS)

2D Echocardiographic examination-Study participants will undergo
a 2D trans thoracic echocardiographic examination in the left lateral
recumbent position utilizing a commercialized ultrasound scanner
(Philips EPIQ 7) with electronic ultrasonic transducer(X5-1).

All participants underwent conventional 2D echocardiography and 2D
speckle tracking for the counts of morphometric parameters as per the
suggestions of the American Society of Echocardiography. After
interfacing the ECG, two-dimensional images were acquired from the
following standard views (Parasternal short axis viewat basal, mid and
apical level, Apical 4 chamber, Apical 3 chamber view, Apical
2chamber view) All images were taken during breath-holding and put
away in three continuous heart cycles. Gain, depth, and central range
were changed in accordance with ideal left ventricular border view and
high rate of frame.

Left ventricular end-systolic volumes (LVESVs) and end-diastolic
volumes (LVEDVs) were usually based on tracings of the interface
between the compacted myocardium and the LV cavity. At the mitral
valve level, the contour is closed by connecting the two opposite
sections of the mitral ring with a straight line. LV length is defined as
the distance between the bisector of this line and the apical point of the
LV contour, which is most distant to it. The use of the longer LV length
between the apical two and four chamber views recommended. LV
volumes should be measured from the apical four and two chamber
views. Two- dimensional echocardiographic image acquisition should
aim to maximize LV areas, while avoiding foreshortening of the left
ventricle, which results in volume underestimation. Acquiring LV
views at a reduced depth to focus on the LV cavity will reduce the
likelihood of foreshortening and minimize errors in endocardial border
tracings.”’

2 D speckle tracking -2-D speckle tracking was performed via using
post processing software CMQ (Version 1.5.6, PhilipsMedical
Systems). For 2- D speckle tracking analysis, standard two-
dimensional images were recorded to get Global longitudinal strain
(GLS) utilizing apical (4, 2-chamber, and 3 chamber view). Global
circumferential strain was calculated using short axis view at mid basal
and apical level. All the images to be acquired at a frame rate of 50to 80
for each second. The reference point was set toward the start of the
QRS complex. Aortic valve closing and opening were characterized
utilizing a pulse wave Doppler ultrasound in the LV outflow tract with
a 2-mm test volume. The endocardial border was traced in end-systole
and the automatically created ROI was acclimated to eradicate the
pericardium. Segments with insufficient or poor tracking of the
endocardial were avoided from the investigation. If there should arise
an occurrence of poor tracking in at least 2 segments, the patient was
excluded from investigation. All strain examination was performed
blinded to results.”

STATISTICALANALYSIS:
Continuous variables were expressed as Mean Standard deviation.

Categorical data was expressed as percentage (%). Comparison of
categorical variables was done by chi square test (or) Fisher's exact
test. Comparison of Continuous variables was done by independent
sample t test. Data analysis was carried out by IBM SPSS Statistics for
windows version 25.0,Armonk:NY,IBM corp. All'p' values <0.05 was
considered as statistical significance.

RESULTS:

In the present study, we have investigated the correlation of speckle
tracking echocardiography findings in ischemic and non-ischemic left
bundle branch block subjects at our center.

Out of the 95 patients studied, 50 patients were stratified into ischemic
group and remaining 45 were stratified into non-ischemic group.

Table 1:Baseline Characteristics

IschemicLBBB Non ischemic P value
(N=50) LBBB (N=45)
Mean Age 64 52 0.001
Male 31 18 0.032
Female 19 27
Hypertension 43 20 0.001
Dyslipidaemia 35 17 0.02
Diabetes Mellitus |28 8 0.001
Mean EF 41.15% 45.88% 0.01
Mean GLS -10.9043.54 -14. 41+4.79 0.001
Mean GCS -13.30+ 3.48 -15.10+ 5.07 0.006

From the 95 patients studied, Mean age in Ischemic LBBB group is 64
yrs and Mean age in Non Ischemic LBBB group is 52 yrs, there were
19 females and 31 males in the ischemic group, 20 of the patients with
hypertension were non-ischemic while 43 patients were ischemic, 17
of the patients with dyslipidemia were non-ischemic while 35 were
ischemic, 28 patients with Diabetes mellitus belong to ischemic
subgroup and 8 of the patients with Diabetes belong to non-ischemic
subgroup, the mean Ejection Fraction of non-ischemic patients was
45.88 % + 11.59, while the mean Ejection Fraction of Ischemic
patientsis41.15%=+8.33 (Table 1).

The mean Global Longitudinal Strain (GLS) of Ischemic subgroup
patients is -10.90+3.54. whereas the mean GLS of non-ischemic
subgroup (N =45) is -14.41+4.79. On analyzing and correlating GLS
between both the groups, it was found to have statistically significant
differences between ischemic and non-ischemic patients with p-value
=0.001 (Table 1).

The average Global circumferential strain (GCS) of the studied
patients was - 13.30 + 3.34. There are statistically significant
differences in GCS between ischemic and non-ischemic patients, p-
value = 0.006. The mean GCS of non-ischemic patients (N = 45) is -
15.100+5.07. The mean GCS of Ischemic patients (N=50)is- 13.30 +
3.48 (Table ).

Table 2: Categories of GLS among ischemic and non-ischemic
patients

LBBB Subgroups Total
Ischemic Non Ischemic
GLS <-8 Count 10 5 15
-8.1t0-12.49| Count 17 14 31
-12.5t0-18 | Count 23 13 36
>-18 Count 0 13 13
Total Count 50 45 95

Table 3: Categories of GCS among ischemic and non-ischemic
patients

LBBB Subgroups Total
Ischemic| Non ischemic
GCS -20 Count 0 11 11
<-20 Count 50 34 84
Total Count 50 45 95

It can be inferred that among the ischemic subgroup, no patient was
having GLS above -18.While in non-ischemic group, 13 patients were
having GLS > - 18. However, patients with severely reduced GLS, i.e.
less than - 8 were almost double to that of non-ischemic group, i.e. 20
% (10 patients) in ischemic subgroup while 11% (5 patients) in the
non-ischemic subgroup. There is almost similar number of patients in
the with the GLS - 8.1 to- 12.49 (Table 2).
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It is inferred that there was no patient in the GCS of normal value i.e. ]
-20 in the ischemic group, while in the non-ischemic group 11 patients
were having Normal GCS value which was statistically significant (p =
0.006). On the other hand, only 34 out of total 45 patientswere having
GCS value less than -20. (Table 3).
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Fig.1. Box-plot showing distribution of GLS among Ischemic and
Non Ischemic patients
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Fig.2.Box-plot showing distribution of GCS among Ischemic and
Non Ischemic patients

Box-plots (Fig.1 & 2) showing the distribution of GLS and GCS
between Ischemic and Non Ischemic patients. In Ischemic patients
median GLS was -11.2 (-14.2 to -6.4) and in Non Ischemic patients
median GLS was -13.8 (-18.2 to -9.8). Median GCS among Ischemic
patients was -14.2(-15.6 to -9.2) and in Non Ischemic patients -16.4(-
19.4to-11.4).

DISCUSSION

Studies have estimated the prevalence of LBBB within arange of 0.1%
to 0.9% in the general population and significantly higher in elderly or
those with HF. About 2.2%of individuals aged 55 years, 5.7% of
individuals above 80 years of age, and 25% to 30% of patients with
HF"", were found to have LBBB. LBBB is associated with higher
cardiovascular events and mortality risk, largely attributable to the
fatal arrhythmias and the detrimental hemodynamic influence
associated with LBBB'™".

Accurate risk assessment and early recognition of LV dysfunction is
essential in patients with LBBB, given its impact on the risk for
mortality and hemodynamic deterioration. By mechanisms of delayed
ventricular activation and shortened LV filling time, LBBB is
associated with deterioration of LV systolic and diastolic function'
* True LV function is underestimated in patients with LBBB as a result
of dyssynchronous LV motion with earlier septal wall activation than
the lateral wall, making LVEF unreliable to estimate LV function.
Also, being a indirect method of LV function estimation, using
geometric changes in LV dimensions rather than the intrinsic
myocardial contractility, LVEF has significant limitations for this
purpose in patients with LBBB. However, LV GLS measures the
intrinsic myocardial contractility and is the more reliable method of LV
function estimation in these patients'””'

Apart from having prognostic influence, LBBB alone itself is
considered a separate 'cardiovascular clinical entity' representing
various diagnostic and management difficulties to the clinicians and
cardiologists particularly in the context of CAD.  Thus, the incidental
finding of LBBB is currently considered a potential marker of
underlying heart disease, prompting further non-invasive or invasive
diagnostic procedures, particularly in individuals with high-risk

occupations. Hence, this study aims to evaluate and correlate between
ischemic and non-ischemic LBBB subgroups (categorized on the basis
of coronary angiography) with 2D Speckle Echo analysis. There are
three different components of contraction that are generally described
and studied: radial, longitudinal, and circumferential.”” Longitudinal
contraction represents motion from the base to the apex. Radial
contraction in the short axis is perpendicular to both long axis and
epicardium and thus radial strain represents myocardial thickening and
thinning. Circumferential strain is defined as the change of the radius in
the short axis, perpendicular to the radial and long axes. In patients
with Heart failure, myocardial global strain has been found to be a
comprehensive indicator of left ventricular (LV) function and also a
reliable prognostic factor with respect to cardiovascular events.™*

In our study, it was found that impaired LV GLS and GCS, measured by
2D STE, has a significant and independent association with Ischemic
LBBB. In this study on Invasive coronary angiography evaluation,
52.6% (50) of the participants were grouped into ischemic group while
rest 47.3 % (45) were grouped into non-ischemic group. Among the
ischemic group, it was found that 17 patients had single vessel disease
with involvement of proximal LAD >80 %, 10 were having double
vessel disease, again with involvement of Proximal LAD >80 %, while
20 patients had three vessel disease with involvement of Proximal
LAD >80 %. Lastly three patients were found to have Distal LMCA
with three vessel disease, with involvement of proximal LAD>80 %.
Out of 45non-ischemic LBBB patients, 23patients were found to have
normal coronaries, 11 patients had Minor CAD (presence of minor
plaques) while 11 had non-flow limiting CAD (presence of stenosis
<50 %)

The echocardiographic parameters studied among the
participants were as follows

* Ejection Fraction by 2D Planimetry

*  Globallongitudinal strain

*  Global circumferential strain

Ejection fraction by 2D planimetry, mean Ejection fraction was around
48 %. On subgroup analysis, the mean Ejection Fraction of non-
ischemic patients (N = 45) was 45.88 % + 11.59, while the mean
Ejection Fraction of Ischemic patients (N = 50) is 41.15 % + 8.33. On
evaluating it shows that there are statistically significant differences
between ischemic and non-ischemic patients, p-value= 0.01. Study
conducted by Abrol R etal in 2006 to evaluate the association of LBBB
with angiographic analysis, all risk factors was more in favor of CAD.
Likewise, in the study mean EF was lower more in the patients with
CAD as compared to patients without CAD similar to the present
study.

Among the strain imaging parameters, the first parameter evaluated
was GLS.The average GLS of the patients was - 15.48 + 5.26. The
mean GLS of Ischemic subgroup patients (N = 50) is - 10.90 + 3.54.
whereas the mean GLS of non-ischemic subgroup (N = 45) is -
14.41£4.79. On analyzing and correlating GLS between both the
groups, it was found to have statistically significant differences
between ischemic and non-ischemic patients, p-value = 0.001. GLS
was further subdivided into 4 subgroups of >-18 (Normal), Mildly
reduced (-12.5 to - 18), Moderately reduced(- 8 to -12.4) and severely
reduced (<-8).On analyzing within these subgroups, it was inferred
that among the ischemic subgroup, no patient was having GLS above -
18 while in non-ischemic group, 28.8% of the patients (13patients)
were having GLS>-18.

However, patients with severely reduced GLS, i.e. less than - 8 were
almost double to that of non-ischemic group, i.e. 20 % (10 patients) in
ischemic subgroup while 11% (Spatients) in the non-ischemic
subgroup.On the contrary, there were almost similar number of
patients with the GLS - 8.1 to - 12.49.A study conducted by Biering-
sorensen T et al in 2014, for evaluation of GLS in patient with
ischemia, it was found that GLS significantly lower in patients with
CAD compared with patients without (17.1£2.5% versus 18.8+2.6%;
P<0.001)and proved to be an independent predictor of CAD." The
present study also confirms these findings.

The second strain parameter we evaluated was Global circumferential
strain. The average GCS of the studied patients was - 13.30 £ 3.48.
There were statistically significant differences in GCS between
ischemic and non-ischemic patients, p-value = 0.006. The mean GCS
of non-ischemic patients (N =45) is - 15.100 +£5.07. The mean GCS of
Ischemic patients (N =50) is - 13.30 + 3.48.GCS was further evaluated
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with two subgroups of above -20 and less than -20. From the sub
analysis, itwas inferred that there was no patient in the GCS of normal
value i.e.> -20 in the ischemic group while in the non-ischemicgroup,
11 patients were having Normal GCS value. On the other hand, only 34
out of total 45 patients in the non-ischemic were having GCS value less
than -20which was statistically significant (p=0.006).

Fazio G et al in 2013, studied a total of 134 patients with dilated
cardiomyopathy, among which 74 were considered as ischemic on the
of coronary angiography while rest 60 were the non-ischemic one and
found that the longitudinal and circumferential strains were found to be
significantly reduced (P value < 0.05) in patients with ischemic
etiology compared with those with the non-ischemic dilated
cardiomyopathy. Our study also repeats the similar findings as the
mentioned findings in the study."’

LIMITATIONS OF THE STUDY

Although results of this work were consistent with previous studies
and reached statistical significance, but the population was small in
number.Radial strain analysis not done. Early systolic lengthening
duration, post systolic strain index not assessed.

Speckle-tracking echocardiography is dependent on frame rates, as
well as image resolution. Low frame rates result in the speckle pattern
changing too much from frame to frame, which prevents the precise
characterization of regional myocardial motion and impacts the
overall temporal resolution of the regional strain map. In contrast,
increasing the frame rate reduces scan- line density, which reduces
image resolution.

CONCLUSION

In the present Prospective observational study conducted in subset of

patients presenting with symptomatic LBBB, we tried to correlate the

relationship of speckle echocardiographic findings with ischemic and
non-ischemic LBBB and the following conclusions can be drawn from
it.

e There is strong inverse correlation between GLS with ischemia (p
value 0.001)

e There is strong inverse correlation between GCS with ischemia (p
value 0.006)

» Ischemic LBBB patients have lower EF in comparison to non-
ischemic LBBB patients. (p value 0.009)

» It was noted that Ischemic LBBB patients with LVEF>50% (n=5)
had Low GLS and GCS values, however subgroup analysis could
not be done because of small numbers.

e Ischemic LBBB patients are more elderly as compared to non-
ischemic LBBB patients.

¢ Ischemic LBBB patients are more associated risk factors like
dyslipidaemia (p value 0.02) diabetes mellitus (p value 0.001),
hypertension (p value 0.0001)

2D Echo Spectral imaging parameters like GLS and GCS are useful in
discriminating Ischemic and Non ischemic aetiology in the patients
presenting with LBBB. In recent years, speckle 2D echocardiography
has proved to be a boon in the field of cardiology, patients presenting
with LBBB can be assessed early, Non-Invasively and within less time
through speckle 2D echocardiography. Moreover it also decreases
patients discomfort and the need of a Invasive procedure.

RECOMMENDATIONS

1) GLS and GCS can be considered in patients with symptomatic
LBBB for further Risk Stratification.

2) Further multi centre and large-scale study is Recommended to
confirm these findings.

3) Large scale study would allow to compare GLS and GCS pattern
in Low vs Normal LVEF with Ischemic LBBB.

4) Study of Radial Strain will probably help in further Risk
Stratification.
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