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INTRODUCTION 

Heart Failure 

Heart failure  is a multifactorial clinical syndrome occurring as a result of impairment of 

ventricular filling or ejection of blood. Itis estimated to affect 26 million people worldwide, 

and it id disabling and deadly disease with an annual hospitalization of approximately one 

million US adults and a 1 year mortality of 23.6% in patients hospitalized with acute HF in 

high-income setting. 

ACC/ AHA has defined heart failure, and divided it into stages, based on the symptoms and 

clinicoetiological profile of patients.  

 

Figure 1. AHA Classification of heart failure 

Therapeutic interventions in each stage aim to modify risk factors (stage A), treat risk and 

structural heart disease to prevent HF (stage B), and reduce symptoms, morbidity, and 

mortality (stages C and D) 

Left Ventricular Ejection Fraction (LVEF) is used to classify patients of Stage B, C and D heart 

failure, because of differing prognosis and response to treatments. 
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Figure 2. AHA classification of heart failure according to Ejection fraction 

Dilated cardiomyopathy is defined as left ventricular (LV) or biventricular dilatation with 

systolic dysfunction in the absence of coronary artery disease or abnormal loading condition. 

The relationship between left bundle branch block (LBBB) and dilated cardiomyopathy is 

well known. The prevalence of LBBB in the general population is between 0.2% and 1.1% 

Conduction abnormalities may develop in ischemic/nonischemic cardiomyopathy due to 

degeneration and fibrosis of the conduction system, adverse ventricular remodeling, or 

ischemia. In patients with HF with reduced ejection fraction, the presence of LBBB is 

associated with increased mortality. 

Left Bundle Branch Block( LBBB) is an abnormality of the conduction system of the heart, 

affecting the left bundle branch, leading oo selective transmission of cardiac electric impulse 

via the right bundle brach, which then goes on the activate the left ventricle via delayed 

myocyte to myocyte tranfer of impulse, giving rise to the wide QRS on ECG- Suggesting 

delayed condution.   

In Dilated cardiomyopathy, Structural and morpho-functional ventricular remodeling is often 

associated with delayed electrical activation and prolongation of QRS, ultimately leading to 

left bundle branch block (LBBB) 

LBBB has been largely associated with higher morbidity and mortality in DCM. 
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DCM  predominantly  affects  younger adults and is the most frequent indication for cardiac 

transplantation. The condition has a nonspecific phenotype and represents l common response 

of myocardium  to genetic and environmental insults or toxins like alcohol. 

A large number of patients with heart failure appear to have substantial LV dyssynchrony, 

which is usually most prominent between the interventricular septum posterolateral LV wal- 

the site of latest activation of the LV in patients with LBBB 

The etiology/ basis of LV dyssynchrony is complex -related to several pathophysiologic 

mechanisms. For example, LV dyssynchrony could be the result of an abnormal electrical 

activation of the left ventricle, due to underlying damage to the Purkinje system, resulting in 

LV activation through the slower conducting myocardium 

Abnormal electrical activation of the left ventricle resulting in LV dyssynchrony is frequently 

called  electrical dyssynchrony, and this is different from LV dyssynchrony as a result of 

abnormal LV contraction caused by diffuse tissue damage or nonuniform wall structure, for 

example due to areas of scar tissue secondary to previous myocardial infarction, which 

prohibits normal LV activation known as mechanical dyssynchrony. Thus LV electrical 

synchrony and LV mechanicl synchrony are both factors that may be dysfunctional, leading 

to heart failure.  

The LV dyssynchrony reflects an imbalance of foce and stress,  the region that is activated 

early being unable to withstand the stress generated by the late-activated LV segments. 

The regional wall contractions are not effectively converted to pressure build-up in the left 

ventricle, but rather cause substantial blood volume shifts within the LV cavity. The overall 

result is a decrease in LV pumping efficiency, because the ejection fraction is reduced despite 

maintained, or even increased, energy demand, in an attempt to improve the efficacy of 

pumping. 
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Other effects of LV dyssynchrony include mitral valve dysfunction due to a lack of 

coordination of the papillary muscles that may result in hemodynamically significant Mitral 

regurgitation This may also cause an impairment of LV diastolic function related to the late 

systolic stretch and consequent delayed muscle relaxation. 

The loss of a nearly simultaneous LV contraction in patients with typical left bundle branch 

block and left ventricular dyssynchrony is associated with the presence of early septal 

activation, starting at low LV pressure, which does not contribute to LV ejection and stretches 

the lateral wall. The stretch of the lateral wall further delays shortening and causes a vigorous 

activation against a locally increased preload. This leads to a peculiar septal motion called the 

septal flash, and this has been diescribed as one of the echo screening parameters that predict 

a super response to Left bundle pacing / CRT 

This alternation of activation and stretch of opposite LV walls seen in the dyssynchronous 

heart promotes local modifications of the LV function at the molecular and cellular level., 

which are later corrected and the normalisation of these molecular functions contributes to 

the delayed benifitd of CRT including reverse cardiac remodelling.  

Intra-ventricular mechanical dyssynchrony is a term used to describe the presence of 

abnormal timing of motion within the LV. In the normal heart, the different myocardial 

segments demonstrate onset of motion and peak motion that is highly synchronized in 

longitudinal, radial, and circumferential planes. This motion can be measured as tissue 

velocity, displacement, or strain, 

Cardiac resynchronization therapy (CRT) creates simultaneous or near simultaneous 

biventricular stimulation aimed at correcting the lack of ventricular synchrony found in some 

patients with congestive heart failure and, most commonly, those with left bundle branch 
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block. CRT is among the most important contemporary advances in the treatment of heart 

failure. 

Several randomized clinical trials have demonstrated benefits in survival, hospitalizations for 

heart failure, functional capacity and improvement in left ventricular function and 

architecture among patients with advanced systolic dysfunction and QRS duration equal or 

greater to 120 milliseconds. The benefit is additional to that of optimal medical therapy for 

heart failure. 

The QRS duration as a measure of electrical dyssynchrony and the pattern of the left bundle 

branch block, suggest the presence of mechanical dyssynchrony and are often associated with 

it. However, the delay in conduction, as might be inferred, does not necessarily correspond 

consistently with the measures of mechanical dyssynchrony obtained with imaging 

modalities. 

 

Imaging Modalities for assessment of Synchrony 

A number of techniques have been proposed for quantifying mechanical dyssynchrony. 

Echocardiography is a practical and cost- effective tool that has become widely used for this 

purpose. In particular, tissue Doppler imaging (TDI) and, more recently, speckle tracking 

echocardiography (STE) have emerged as robust techniques for quantifying mechanical LV 

dyssynchrony 

M-mode images of the parasternal long-axis view can be used to measure mechanical 

dyssynchrony using standard ultrasound equipment without more advanced motion 

quantification software. A difference of more than 130ms between the maximal inward 

movements of the basal septal and posterior walls has been used to identify dyssynchrony. 

This is known as the septal to posterior wall delay.  
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The septal flash that is a sudden jerky movement as the interventricular septum at the 

beginning of systole,  corresponds to isovolumic systole and can be easily detected by M-

mode parasternal long-axis view.  

These are the specific features f dyssynchrony that can be used in M mode echocardiography, 

but these parameters have their limitations due to poor reproducibility of the echo-derived 

analysis of dyssynchrony parameters, and the inability to differentiate the complex pattern of 

contraction and area of latest activation of LV.  

M mode in addition is important to identify septal scarring, which may be the result of 

ischemia, which may preclude the use of LBB are pacing when planning CRT. Some subtle 

specific features like basal septal thing on M mode may point towards specific underling 

etiology like sarcoidosis, and prompt further evaluation. 

 

Figure 3. Assessment of Septal to posterior wall motion delay with M mode echocardiography and 

tissue doppler imaging 
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Figure 4. M mode parasternal long axis and demonstration of the Septal  to posterior wall motion 

delay.  

 

    Figure 5. Septal flash on M mode echocardiography 

TISSUE DOPPLER IMAGING 

Longitudinal and radial shortening velocities can be recorded with tissue Doppler in different 

segments from different windows to assess the time of contraction of each segment and 

quantify the difference among individual segments. Time intervals are measured in reference 

to the electrocardiogram using the beginning of the QRS complex and the peak systolic 

velocity recorded in selected regions of interest on basal and mid segments of opposing walls 

wherever the maximal systolic velocity is found to be stable.  

Assessment of Dyssynchrony by tissue doppler tales the peak velocities of the LV septal and 

lateral basal segments in the apical four-chamber view. Dyssynchrony is defined when the 

delay in activation of opposite walls is more than 65 msec. The  dyssynchrony index that 

incorporates measurements in 12 segments in all three standard planes of the apical window 
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(basal anterior, inferior, septal and lateral in the two and four chamber and longitudinal views 

can also be used.  

Strain Imaging 

Strain can be measured by TDI or by 2-dimensional speckle tracking and since it is less 

affected by tethering or translation induced by unbalanced rocking motion, this is a better and 

more reproducible method of assessment of LV mechanical property 

Multicentre study using strain delay index for predicting response to cardiac 

resynchronization therapy (MUSIC) study showed that in the case of preserved contractility 

and significant dyssynchrony, LV segments that contract late present a higher difference between 

the peak and end systolic strain, which is a measure of segmental wasted energy. The global LV 

wasted energy is referred to as strain delay index (SDI) and has been shown to predict CRT response 

with an AUC of 0.88, a sensitivity of 92% and a specificity of 65%. This method of assessment of 

strain is not routinely feasible.  

Other components in strain imaging include Longitudinal strain, which uses speckle tracking 

in the apical 2, 3 and 4 chamber views for a global assesment of LV myocardial velocities.  

This is the mist commonly employed modality of strain imaging, and the necessary software 

is now readily available, making this a feasible method of echo assessment of dyssynchrony, 

and LV function.  

 

CRT- Cardiac Resynchronization Therapy.  

Cardiac resynchronization therapy (CRT) is one of the most exciting recent advancements in 

heart failure (HF) treatment. By targeting ventricular dyssynchrony, which affects as many as 

one third of patients with highly symptomatic systolic Heart failure.  CRT attempts to give 
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the failing heart a mechanical advantage that can substantially improve symptoms and 

mortality,  

CRT is typically accomplished by adding a left ventricular (LV) pacing lead to a standard 

pacemaker or defibrillator system that generally includes only a right ventricular (RV) lead 

and possibly a right atrial lead The RV lead most often rests in the apex of the right ventricle. 

The LV lead is placed through the coronary sinus onto the lateral or posterolateral wall of the 

left ventricle. When the 2 leads are activated, coordinated pacing of the left ventricle and 

right ventricle results. 

 

Figure 6. Chest X ray PA view showing the CRT pulse generator and the position  
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Figure 7. A. Showing the conduction system of the heart, and the mechanism of activation using the 

pacing leads in CRT- The RV and LV leads which pace near simultaneously- to achieve electrical 

synchrony 

Figure 7. B. Chart showing the effects of CRT, and the final pathway of reverse cardiac remodelling, 

that contributes to the morbidity and mortality benefit of CRT in heart failure.  

 

 

 

 

Coordinated contraction of the ventricles gives the previously dyssynchronous heart an 

instant mechanical advantage that augments cardiac output. In addition to the immediate 

hemodynamic benefits, CRT leads to further improvement in the structure and function of the 

heart over long term- with benefit seen in 3-12 months.  

These long-term changes are known collectively as reverse remodeling that evident by a 

reduction in LV size and an improvement in LV function. Reverse remodeling is a consistent 

finding in CRT-treated patients with baseline symptomatic HF and long QRS duration at 

baseline, which significantly narrowed immediately post procedure.  
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The resultant geometric changes may also lead to less dilatation of the mitral annulus and 

thereby to a decrease in the severity of Mitral regurgitation, also contributing to Symptomatic 

and hemodynamic benefit.  

At the cellular level, CRT improves sarcomere shortening via increased peak calcium levels 

that improve cardiac contractility and systolic function 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

24 
 

REVIEW OF LITERATURE: 

Multisite Stimulation in Cardiomyopathy (MUSTIC) Trial, published in 2001, was the first 

large trial demonstrating the clinical benefits of CRT 

It was a single-blind crossover study that enrolled patients with New York Heart Association 

(NYHA) class III HF, LVEF 35%, left ventricle end-diastolic diameter >60 mm, and QRS 

duration >150 ms. They compared exercise tolerance and quality of life during active 

biventricular pacing for 3 months to exercise tolerance and quality of life during right 

ventricle–only backup pacing for a separate 3 months. The trial showed a statistically 

significant improvement in 6-minute walk distance (, as well as improved quality of life and 

peak oxygen consumption following CRT.  

Tthe MIRACLE trial showed that resynchronization therapy is an effective adjunct to 

pharmacologic therapy in reducing the secondary combined endpoint of HF hospitalization or 

death, and this study paved the way for the imclusion of CRT in the armamentarium of heart 

failure management strategies.  

Comparison of Medical Therapy, Pacing, and Defibrillation in HF (COMPANION) Trial. 

included 1,520 patients and was the first trial able to detect improvement in the primary 

combined endpoint of hospitalization or death from any cause. ardiac-resynchronization 

therapy with a pacemaker decreased the risk of the primary end point (hazard ratio, 0.81; 

P=0.014), as did cardiac-resynchronization therapy with a pacemaker–defibrillator (hazard 

ratio, 0.80; P=0.01). The risk of the combined end point of death from or hospitalization for 

heart failure was reduced by 34 percent in the pacemaker group (P<0.002) and by 40 percent 

in the pacemaker–defibrillator group (P<0.001 for the comparison with the pharmacologic-

therapy group) 
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In 2005, the CARE-HF trial attempted to clarify the mortality benefit of CRT independent of 

the mortality benefit of defibrillation 

This trial enrolled 813 patients with NYHA class III-IV HF, QRS duration ‡120 ms, 

echocardiographic dyssynchrony, and LVEF 35%. Compared to OMT alone, CRT-P was 

associated with a significant (26%) reduction in all-cause mortality and hospitalization for 

major cardiovascular events at 29 months. Most important, CARE-HF was the first trial to 

show definitively that CRT-P had a mortality benefit, even in the absence of implantable 

cardioverter defibrillator (ICD) therapy 

 

Table 1. A Comparison of early clinical Trials studying CRT and their outcomes.  

 

SITES FOR CARDIAC PACING IN CRT 
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Figure 8. Sites for Conduction system pacing that can be explored In CRT.  

 

Left bundle branch area pacing (LBBAP) is a promising physiological pacing technique with 

potential for application in both patients with bradyarrhythmia and those with heart failure. 

The extension of the Left bundle branch area pacing along with the LV pacing via CS lead 

constitutes Left budle optimised pacing i.e LOT-CRT. 

The Proximal left bundle branch (LBB) pacing is inherently limited in its ability to restore 

physiological activation of the lateral wall of the left ventricle (LV) in patients with distal 

conduction delay in the distal LBB, LV Purkinje network, or myocardium. In the initial few 

studies/ series on LBBAP,  in a significant percentage of patients in whom LBBAP was 

attempted, only left ventricular septal (LVS) myocardial capture was obtained, resulting in a 

small but potentially important nonphysiological delay in LV lateral wall activation. Thus the 

concept of Left bundle branch area pacing came into being, which includes both selective left 

bundle capture wherein the Left bundle branch is directly captured, and the non selective Left 

bubdle capture, where the initial LV septal myocardium is captured, and then the conduction 

system is captured.  

The difference in time in the above 2 methods has been found to be insignificant, and both  

ethods of capture are effective.  

Conventional cardiac resynchronization therapy (CRT) using biventricular (BiV) pacing 

based on right ventricular (RV) pacing and coronary venous (CV) pacing is also limited in its 

ability to fully restore physiological activation of the LV. Limitations of BiV-CRT are  
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 the potentially desynchronizing impact of myocardial pacing with the RV lead 

 single area nonphysiological epicardial LV pacing 

 latency,  

 suboptimal LV lead position (paraseptal/ apical) due to the unfavorable anatomy of 

the cardiac veins and/or LV scars, which may reduce the benefit.  

Combining LBBAP and BiV pacing might address some of the above-mentioned limitations 

of both techniques, providing narrower QRS complex and a more efficient form of CRT, 

especially in challenging cases and patients with more advanced heart failure. 

The major rationale behind replacing the RV lead with the LBBA lead was to obtain greater 

electrical synchrony due to  

(1) direct depolarization of the LV conduction system  

(2) bypass the slow cell-to-cell conduction from the right to the left side of the 

interventricular septum. 

Although LBBAP alone can achieve electrical synchrony of the LV, delayed activation of the 

lateral wall of the LV in patients with heart failure might results not only from discrete lesion 

in LBB that can be bypassed by LBB pacing but also from widespread and/or distal delay in 

the conduction system. Electrical uncoupling, myocardial scars, or functional conduction 

block can lead to delay in LV lateral wall activation as well. 

Such conduction abnormality can be corrected by the Coronary sinys pacing  pacing but not 

LBBAP. There is often a coexistence of both mechanisms (focal lesion and distal delay) in 

some patients with LBBB and wider QRS complex on ECG and advanced heart failure., thus 

the rationale for using the LV epicardial/ coronaruy sinus elad in addition to the septal lead in 

LOT-CRT.  
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The area of conduction system pacing and CRT is relatively recent, and initial studies in 

2017, a study by Vijayaraman et al  postulated that His bundle pacing i.e  HOT-CRT can ben 

alternative to achieve greater electrical resynchronization in patients with advanced 

conduction disease and severe heart failure. This was limited by higher pacing thresholds and 

the problems of loss of capture, and thus the area of Left bundle are pacing was explored, 

with initial studies being done in 2017 and 2018.  

In LOT-CRT, the quadripolar LV lead can be used with the option of multipoint pacing if 

necessary and ventricular sensing/arrhythmia detection is normal.  

LBBAP provides additional LV resynchronization by early LV septal endocardial activation 

in addition to conduction system capture. Furthermore, HBP is often associated with higher 

pacing thresholds and potential risk of late rise in capture thresholds. LBBAP has consistently 

been shown to achieve low and stable capture thresholds with high R-wave amplitudes, as 

demonstrated in future studies where LBBAP was explored.  

Initial investigators studied the utility of alternate / non conventional pacing sites as an 

adjunct to the CRT procedure, wherein instead of pacing the Right ventricle, they placed the 

leads to ensure capture of the conduction system, resulting theoretically in more 

physiological pacing, with narrower QRS duration and quasi normal synchrony.  

His optimised CRT( HOT-CRT ) was studied initially, and showed good results in terms of 

narrower QRSd and electrical synchrony, however the procedure was limited by higher 

pacing thresholds and potential risk of late rise in capture thresholds. 

A study by the international LBBAP collaborative group, studied Left bundle area pacing 

CRT( LOT-CRT) and compared it to conventional CRT in patients with LBBB and Heart 

failure. They found that 
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LOT-CRT was successful in 91 of 112 patients (81%). LOT-CRT resulted in significantly 

greater narrowing of QRS complex from 182 6 25 ms at baseline to 144 6 22 ms (P , .0001) 

than did BiV-CRT (170 6 30 ms; P , .0001) and LBBAP (162 6 23 ms; P , .0001). At follow-

up of 3 months, the ejection fraction improved to 37% 6 12%, and Clinial improvement was 

seen in nearly all patients with successful LOT-CRT.  

Another study by Wu et al. in 2021 demonstrated the utility of LBB pacing as an adjunct to 

CRT. 

HBP and LBBP demonstrated a similar absolute increase (D) in LVEF (þ23.9% vs þ24%, P ¼ 

0.977) and rate of normalized final LVEF (74.4% vs 70.0%, P ¼ 0.881) at 1-year followup. 

This was significantly higher than in the BVP group (D LVEF þ16.7% and 44.9% rate of 

normalized final LVEF, P < 0.005). HBP and LBBP also demonstrated greater improvements 

in NYHA class compared with BVP. 

They concluded that These improvements were significantly greater than those seen in 

patients treated with BVP in this nonrandomized study. 

The pacing parameters remained stable on follow up, suggesting that this technique can 

potentially overcome the limitations faced by His bundle pacing. 

 

 

Figure 9. A timeline of the Studies for alternate conduction system pacing sites in CRT.  
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Figure 10. Latest APHRS guidelines outlining the definitions of the different modalities of pacing and 

CRT.  

 

CURRENT RECOMMENDATIONS 

ESC 2021 Guidelines on cardiac pacing and CRT, give a Class I recommendation for CRT for 

symptomatic patients with HF in SR with LVEF >150 ms, and LBBB QRS morphology 

despite OMT, and a class IIa recommendation for symptomatic patients with HF in SR with 

LVEF <-35%, QRS duration 130149 ms, and LBBB QRS morphology despite OMT. 
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MATERIALS AND METHODS 

DESIGN: Prospective observational study- comparing 2 arms- CRT arm and LBB pacing arm 

Sample size: 20 subjects in each arm.  

Study period:  September 2021 to May 2023 

Patients were assigned to either arm based on physician discretion at the time of the 

procedure. 

INCLUSION CRITERIA: 

• Patients with Non ischemic dilated cardiomyopathy 

• >18 years of age 

• Baseline LBBB, QRSd > 130 ms 

• HFrEF( LVEF </= 35%) 

EXCLUSION CRITERIA 

• Patients having Bradyarhythmia as indication for pacing 

• Not willing/ not consented for participation in the study 

STUDY PROTOCOL 

• Consecutive patients with HFrEF and LBBB who fulfilled the inclusion criteria 

were enrolled after taking informed consent, and were assigned to either undergo 

CRT or LOT-CRT based on the physician discretion and after discussion with the 

patient and family.  

• After collection of baseline data, patients then electively underwent the procedure, 

performed by the team of electrophysiologists at SCTIMST, Thiruvananthapuram.  
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• They received standard periprocedural and post procedural care as per institute 

protocols.  

• 2D ECHO & STE was performed in both groups by using Philips Epiq 7 machine 

in detail and parameters were noted in a pre-designed format. 

• They were followed up for 6 months, and at their routine visit at the 

comprehensive devices clinic at SCTIMST, they were evaluated and data was 

collected, which included clinical data, ECG, NT-Pro-BNP and 2D echo with STE 

• LBBB was defined by Strauss Criteria- QRS duration 140 ms (men) or 130 ms 

(women), QS or rS in leads V1 and V2, and mid-QRS notching or slurring in 2 of 

leads V1, V2, V5, V6, I, and aVL. 
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STUDY PROTOCOL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All consecutive patients evaluated at SCTIMST with HFrEF and LBBB, and the 

absence of ischemic heart disease were screened, and those willing and eligible for 

CRT were enrolled into the study after obtaining informed consent.   N=40 

Baseline parameters were documented- Demographic details, clinical evaluation, 

pro-BNP, ECG and 2D echo along with strain imaging. 

Patients were assigned to undergo CRT/ LOT CRT as per the electrophysiology team 

assessment and discretion, and after discussion with the patient 

Conventional BiV CRT was performed as 

per standard procedure protocol 

N=20 

LOT-CRT was performed as per 

standard procedure protocol 

N=20 

 

Patients were followed up as er standard institute protocol. Data was collected at the end of 6 

months- clinical data, ECG, Speckle tracking echocardiography and NT-Pro-BNP 

N=40 

RESPONDERS- N=38 
NON-RESPONDERS N=2 
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2D ECHO parameters at the diagnosis and during follow-up was gathered from medical 

records of the institute.  

LV Ejection Fraction was calculated on the basis of Teichholz formula, with LV end diastolic 

(LVEDd) and end systolic (LVESd) diameters measured in parasternal long axis view. 

Follow-up examination was performed as per existing guidelines (37).  

Principal Investigator (PI) in supervision of other investigators performed all 

echocardiographs.  

MR was graded based on vena contracta width and ratio of MR area/ left atrial area to none 

(0), trivial (1+), mild (2+), moderate (3+) and severe (4+), based on current guidelines (38–

40) 

SPECKLE TRACKING ECHOCARDIOGRAPHY:  

Myocardial strain was measured in all segments of left ventricle.  

The degree of deformation is reported as percentage of peak longitudinal strain (LS) in 

systole. Decreased myocardial shortening (impaired function) is represented by lower 

absolute values. 

Depth-adjusted two-dimensional (2D) LV images was acquired from the apical 2-, 3- and 4-

chamber views for off-line measurements of LV-GLS using STE.  

Three consecutive cardiac cycles using a frame rate >60 fps were acquired. 

 It was verified, whether peak systolic strain from each LV segment was measured prior to 

aortic valve closure.  

The LS was calculated in each segment separately.  

LV-GLS was calculated as the average of peak strain values from 18 LV segments 
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Raw data was transferred to a workstation for off-line analysis using dedicated two-

dimensional speckle tracking software (QLab, Philips).  

If the automated tracking was not satisfactory at visual assessment, manual adjustment of the 

region of interest was performed. 

 

Figure 11. Speckle tracking using Philips EPIQ software- apical 3 chamber view.  

 

Figure 12. The different views used in strain imaging and the corresponding myocardial segments.  
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Figure 13. Apical 2 chamber view assessment in strain imaging.  

 

 

 

 

 

Figure 14. The Bull’s eye plot , showing the Global and segmental myocardia strain values, in a 

normal patient.  
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DATA COLLECTION: 

• At Enrollment: 

• Demographic details 

• Symptoms and NYHA Functional Class 

• Medication history 

• NT-Pro-BNP 

• ECG 

• Echocardiography:  

• LV dimensions and EF 

• LVEDV/ LVESV 

• MR/ TR 

• TAPSE 

• Longitudinal Strain assessment:- in AP2C, AP3C and AP4C views, and GLS. 

• SD of Time to peak Longitudinal strain- index of mechanical dispersion 

AT FOLLOW UP 

• NYHA Functional Class 

• NT-Pro-BNP 

• ECG 

• Echocardiography: 

• LV dimensions and EF 

• LVEDV/ LVESV 

• MR/ TR 

• TAPSE 

• Longitudinal Strain assessment:- in AP2C, AP3C and AP4C views, and GLS. 

• SD of Time to peak Longitudinal strain- index of mechanical dispersion 
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AIMS AND OBJECTIVES: 

• To compare the efficacy of LOT-CRT with conventional biventricular pacing in 

improvement of LV function in patients with HFrEF 

• To assess the change in mechanical ventricular dyssynchrony as assessed by 

echocardiography after LOT-CRT and Biventricular CRT.  

• To compare the clinical outcomes in patients undergoing LOT-CRT and BiV CRT 
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STATISTICAL ANALYSIS: 

• Data were entered in MS-Excel and analyzed in SPSS V25. 

•  Descriptive statistics were represented with percentages for qualitative data, Mean 

with SD or Median with IQR for quantitative data.  

• The Shapiro wilk test  was applied to find normality.  

• Chi-square test, Fisher Exact test were applied for comparison of proportions.   

• Mann-whitney U test was applied for comparison between medians  

• Wilcoxon test was calculated to compare paired samples. P<0.05 was considered as 

statistically significant. 
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RESULTS 

A total of 40 patients were studied, of which 35% were in the age group of 50-60 years, with 

a mean age of 56 years. This was similar across both the groups: i.e Patients who underwent 

LOT-CRT and patients who underwent BiV CRT. 

45% of patients in the LOT-CRT group were males, while 80% of patients In the BiV CRT 

group were males.     

                                                                                                                      

      

Figure 15. A box plot showing the age distribution of patients. 1- BiV CRT 2. LOT-CRT 

         

Figure 16. Bar Diagram showing the gender distribution. Geen= female and red= male, 1- BiV CRT 

and 2- LOT CRT 

 

All of the patients had severe LV dysfunction with ejection fraction of </= 35% at baseline, 

and LBBB with QRSd > 120 ms at baseline.  
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SYMPTOMATOLOGY 

 

Table 2. The symptomatology of patients enrolled for the study.  

Most patients had symptoms of exertional dyspnoea and fatigue. 40% of patients also had 

prior history of heart failure admissions, with symptoms of recurrent heart failure.  

All of these patients were stabilised prior to being enrolled in the study. Guideline directed 

medical therapy for heart failure was initiated and optimised in all patients prior to the 

procedure.  

6 patients enrolled had history of recurrent heart failure, and 4 among those were admitted 

with the index event of decompensated heart failure, who were stabilised with in hospital 

diuretics and supportive management prior to the procedure. The medications were 

prescribed as follows 
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MEDICATION LOT-CRT BIVENTRICULAR CRT 

BETA BLOCKERS 19(95%) 19(95%) 

SGLT2 INHIBITORS 15(75%) 16(80%) 

ACEI/ARNI 17(85%) 16(80%) 

ALDOSTERONE 

ANTAGONIST 

14(70%) 15(75%) 

Table 3. Preprocedure heart failure medication use in patients enrolled.  

 

BASELINE CHARACTERISTICS 

DEMOGRAPHICS 

PARAMETER LOT-CRT n=20 BiV CRT n=20 P VALUE 

AGE IN YEARS 56 56 0.28 

MALE 9 16 0.048 

ATRIAL FIBRILLATION 2 1  

INTRINSIC QRS DURATION( 
msec) 

165.1 165.85 0.83 

LVEF(%) 30.45 29.65 0.52 

NYHA FUNCTIONAL CLASS 
II 
III 
IV 

 
13 
07 
00 

 
08 
10 
02 

0.16 

NT PRO-BNP(pg/Ml) 3213 3589 0.14 

Mean duration of follow up( 
days) 

176.85 163.85 0.512 

  

Table 4. Baseline demographic parameters of patients enrolled for the study.  

 

Baseline parameters were comparable across patients enrolled in both groups. The mean QRS 

duration was comparable in both groups, and no statistically significant baseline differences 

noted.  

Echo parameters were also analysed at baseline 
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Table 5. Baseline echocardiographic parameters of patients enrolled for the study.  

The baseline echo parameters were also comparable across both groups with no statistically 

significant differences noted.  

 

 

 

 

 

Strain parameters: 

 

Table 6. Baseline strain echocardiography and dyssynchrony parameters 

 

The Calculated baseline parameters of dyssynchrony and strain were also comparable. 

The Mean septal to posterior wall delay as assessed by M-Mode and tissue doppler imaging 

in parasternal ling axis images were 199.85 ms in patients assigned to LOT-CRT and 189.45 
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in patients assigned to Biventricular CRT. The strain parameters in Apical 4 chamber, 3 

chamber and 2 chamber views were comparable, and reduced overall. The mean Global 

Longitudinal strain( GLS) was -11.64% in the LOT-CRT arm and -11.01% in the 

Biventricular CRT arm, which was statistically comparable.  

 

Figure 17. Scatter drop chart showing the distribution of Longitudinal strain.  

 

 These patients then underwent the procedure and were followed up as per institute protocols.  

Post procedure clinical outcomes: 

PARAMETER LOT-CRT n=20 BiV CRT n=20 P VALUE 

INTRINSIC QRS DURATION( 
msec) 

117.53 134.28 0.001 

LVEF(%) 43.55 41.55 0.134 

NYHA FUNCTIONAL CLASS 
I 
II 

 
06 
14 

 
05 
15 

0.16 

NT PRO-BNP(pg/Ml) 1034.45 1017.25 0.529 

 

Table 7. Post procedure clinical parameters and Pro-BNP 
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POST PROCEDURE ECHO PARAMETERS 

VARIABLE LOT-CRT BiVCRT 
 

 
MEAN SD MEAN SD P-VALUE 

EF(%) 43.55 2.44 41.55 4.71 0.134 

LVEDV(ml) 112.8 15.50 128.7 18.30 0.003 

LVESV(ml) 66.70 10.76 84.70 19.68 <0.001 

Table 8. Post procedure echocardiography parameters 

 

 

 

 

 

 

 

 

 

 

Strain parameters 

 

Table 9. Post procedure strain and dyssynchrony parameters.  
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Table 10. Post procedure values of Global Longitudinal Strain.  

 

 

 

Table 11. A comparison of the pre and post values of Septal to Posterior wall delay, and the 

quantified improvement post procedure 

 

Post procedure, both modalities of treatment showed improved clinical parameters. 5 patients 

in the biventricular arm and 4 patients in the LOT-CRT arm were completely asymptomatic ( 

NYHA Functional class I) at the end of the follow up period.  

Pro BNP showed a significant reduction post procedure, although the difference between the 

2 groups was not statistically significant.  
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Echocardiographic parameters showed that the ejection fraction significantly improved in 

both arms, although the difference between the two groups was not statistically significant.  

The dyssynchrony parameters and parameters of strain imaging were analysed.  

The septal to posterior wall delay in patients who underwent LOT-CRT improved to a mean 

of 83.65 ms, , while those who underwent Biventricular CRT had a mean septal to posterior 

wall delay of 94.85 msec. The improvement in the septal to posterior wall delay from the 

baseline was also analysed, which showed a better improvement in patients who underwent 

LOT-CRT, and this difference was statistically significant.  

 

The Global Longitudinal strain compared between the 2 groups was not statistically 

significant, however, the eman values showed better improvement in GLS in patients who 

underwent LOT CRT.  

The Standard deviation of time to peak longitudinal strain, was 60.20 in the LOT-CRT groul 

and 64.27 in the Biventricular CRT group, and difference across the groups was statistically 

significant.  

Overall, most parameters including ejection fraction, and the Strain parameters including 

Global longitudinal strain, were comparable across both the groups at the end of the follow 

up period, with patients who underwent LOT CRT having better improvement in GLS and 

Reduction in The standard deviation of time to peak Global strain.  

Among the Biventricular CRT group, two patients had less that 15% reduction in LVEDV 

and The ejection fraction remained less than 40%. These patients were deemed non-

responders, and evaluation showed that both of these patients had Dilated cardiomyopathy 
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secondary to Sarcoidosis as confirmed by PET imaging, and subsequently were initiated on 

Antiinflammatory therapy.  

The Left bundle lead parameters in patients who underwent LOT CRT were also assessed at 

the end of the follow up period, and all patients had stable parameters and stable lead 

thresholds.  

Lead impedance declined significantly after the acute phase and remained stable throughout 

the whole observation period in all patients 

Phrenic nerve stimulation (PNS) was documented in two patients in the BiV-CRT group and 

was ameliorated by downgrading the outputs 
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DISCUSSION 

 

Our study is one of the few studies done to compare the efficacy of LOT-CRT versus 

conventional biventricular pacing in patients with heart failure with reduced ejection fraction, 

and one of the first from the Indian Subcontinent to study the outcomes on follow up in these 

patients.  

Most available studies compare the clinical and electrocardiographic parameters, ours  is the 

first dtudy to compare the echocardiographic parameters, particularly strain imaging 

parameters in these patients, to demonstrate the mechanical effects of LOT-CRT versus 

biventricular pacing in these patients.  

In our study, we have included only patients with non ischemic cardiomyopathy. This ensures 

better homgenisation  of the study population across both the groups, and eliminated other 

factors including the presence of ischemic scar and non viable myocardial regions to be a 

biasing factor.  

The mean ages across both the groups was fairly similar, and this correlayed well with most 

studies in this population for BiV CRT. 

The preponderance of female patients in the biventricular CRT arm as compared to the LOT-

CRT arm- may be due to Patient related factors- i.e ventricular dimensions and septal 

thickness, whick may have precluded the implantation of the left bundle lead.  

All of the patients Had LBBB with wide QRS complexes. Other abnormalities like RBBB 

were excluded from the study- to allow better homogenization of the study population. The 

QRS duration in our study was a mean of 165, which compares with other Studies by 

Jastrebski et al. ( 182+/-25).  
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The LBBA lead was placed instead of the RV lead in the LOT-CRT group to obtain greater 

electrical synchrony due to  

(1) direct depolarization of the LV conduction system 

(2) bypass the slow cell-to-cell conduction from the right to the left side of the 

interventricular septum 

This was assessed by the change in QRS duration following the procedure, which was found 

to be 42.25 ms( 42.1 in BiV CRT and 45.75 in LOT-CRT group). Prior studies mention the 

degree of narrowing post Procedure of QRS complex by 27.3 ms, across most studies. A 

higher degree of improvement may be seen in this study due to the exclusion of patients with 

ischemic and scarred myocardial segments. The Degree of QRS narrowing is comparable 

across both groups.  

In a study by Sweeney et al,22 QRS narrowing of 25 ms was associated with both response 

and super-response to CRT. This QRS narrowing can be appreciated immediately following 

the procedure, and is usually taken as a surrogate for the efficacy of CRT and to predict the 

long term improvement in clinical parameters. On comparison of echocardiographic 

parameters, we found that there was a trend towards better outcome at 6 months favouring the 

LOT-CRT study group.  

The clinical response and improvement in NYHA class was seen In 90% of our patients 

across both the groups, with 95% of patients undergoing LOT-CRT and 90% of patients who 

underwent BiV CRT at 6 months. This was comparable to prior studies, which showed A 

clinical response of 87%, in patients undergoing LOT CRT, as per the LBBAP collaborative 

Study group. 

LVEF increased by ~9% in the above mentioned Study by International LBBAP group, as 

compared to 12.75% in our study group( 13.35% in LOT CRT group versus 12.15% in BiV 
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CRT group). This showed a trend towards better outcomes at same level of QRS duration 

reduction in the LOT-CRT group, suggesting an additional beneficial effect on cardiac 

remodelling that occurs during the period after the procedure, where direct conduction system 

pacing was more beneficial. This is also reflected in the study group with a higher number of 

responders and super responders in the LOT-CRT group.  

Cardiac remodelling following CRT has been previously studied. the assessment of left 

ventricular remodeling after CRT is determined with the reduction of LVESV ≥ 15% or the 

increase in the absolute value of LVEF ≥ 5% at 6-12 months. It is well established that the LV 

remodeling induced by CRT has been related to the improvement of the quality of life, 

functional class, reduction of mortality, and HF hospitalizations. 

Studies documenting the effect of negative cardiac remodelling in patients with Biventricular 

CRT have shown benefit at 6-12 months post procedure.  

However, there are no large trials demonstrating the long term benefits and reverse 

remodelling following LOT-CRT. 

Our study has shown comparable Longitudinal strain parameters at 6 month follow up in 

patients with BiV CRT and LOT-CRT, with a trend towards better improvement in GLS in 

LOT CRT. The Standard deviation od time to peak strain reduced significantly in patients 

with LOT CRT compared to BiV CRT, however, the clinical significance of this and the value 

of the parameter to predict response to CRT needs to be evaluated in larger studies.  

The percentage of non responders in our study was low(2 patients), as compared to other 

studies(17% in LBBAP Collaborative study). This may again m\be attributed to patient 

selection and the exclusion of ischemic Cardiomyopathy. The number of non responders In 

our study was too small to make any statistical conclusions regarding the predictors of 

response/ improvement following procedure. 
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Both the patients who did not respond in our study, were diagnosed with cardiac sarcoidosis 

and this could imply that the myocardial involvement in sarcoidosis has a bearing on the 

outcomes. Underlying myocardial dysfunction, and Intraventricular conduction disturbances 

or distal conduction system disease may not be addressed by CRT. The effects and 

significance of the above needs to be studied in larger patient groups.  

Overall findings suggest comparable outcomes of conventional Biventricular CRT and LOT 

CRT. This technique of physiological / conduction system pacing also shows a trend towards 

better clinical outcomes and echocardiographic parameters including global longitudinal 

strain at the end of the follow up period of ~ 6 months.  

The findings are promising, and in this select subset of patients with non ishchemic dilated 

cardiomyopathy with severe LV dysfunction and LBBB, the use of LOT-CRT is beneficial 

and should be offered, with the benefit of more physiological pacing, and stable lead 

parameters on follow up.  

Further studies, and long term studies are required to explore the potential long term benefits 

on mechanical synchrony and reverse cardiac remodelling over a longer follow up period.  

The benefits of this technique of LOT-CRT in a wider patient population of patients with 

conventional CRT indications also warrant further study, in terms of procedural success and 

long term outcomes.  
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CLINICAL IMPLICATIONS: 

In patients eligible for CRT, empirical CRT based on BiV pacing without regard to the 

mechanism underlying electrical dyssynchrony may not fully achieve optimal clinical 

outcomes.  

LOT-CRT may provide an alternate, individualized, more tailored approach to CRT in 

patients with advanced peripheral conduction disease. This approach needs to be further 

studied in a randomized fashion.  

Further, newer research interest in this also focuses on the use of isolated Left bundle pacing 

without the placement of LV lead, which has also proven to have comparable immediate and 

long term effects, as compared by the study by LBBAP international Collaborative group.  

This aspect also requires further randomization and long term studies  

RESULTS: 

Conduction system pacing, particularly Left bundle branch area pacing Cardiac 

resynchronisation Therapy( LOT CRT) has comparable outcomes to conventional 

Biventricular CRT in patients with Non ischemic dilated cardiomyopathy and severe LV 

dysfunction with underlying Left budle branch block, with the potential additional advantage 

of achieving near physiological pacing, and a trend towards better mechanical synchrony and 

beneficial effect on reverse cardiac remodelling at 6 months, and may be considered in this 

select subset of patients. 
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LIMITATIONS 

1. Lack of uniform criteria for the selection of patients to undergo LOT-CRT or BiV 

CRT, leading to potential selection and operator bias.  

2. Lack of randomisation 

3. A small number of patients were non responders- and the number was not enough to 

perform statistically relevant analysis to assess the predictors of outcome.  

 

Thus, Further larger studies are necessary to assess the value and explore the potential 

benefits of this novel approach of LOT CRT.  
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SUMMARY AND IMPLICATIONS 

1. The outcomes of LOT CRT and convention Biventricular CRT in patients with HFrEF 

and LBBB, are comparable with respect to the clinical and electrocardiographic 

parameters, with narrowing of QRS duration to about 125 ms, and a Significant 

improvement in NYHA Functional Class and Pro-BNP.  

2. The long term effects and follow up data at 6 months show a trend towards better 

outcomes with LOT CRT, with respect to the improvement in LVEF and Global 

Longitudinal Strain.  

3. The other parameters of mechanical dysynchrony including the Septal to posterior 

wall delay were comparable across  patients who underwent LOT CRT and 

Biventricular CRT.  

4. The index of dispersion on strain imaging i.e the standard deviation of time to peak 

longitudinal strain, showed a significant improvement in patients who underwent 

LOT CRT. 

5. Although the difference in overall GLS is not statistically significant, this may imply 

a more favourable outcome on reverse cardiac remodelling, seen as a delayed benefit 

of CRT after 3-12 months.  

6. LOT CRT is a safe, and effective procedure comparable to conventional biventricular 

CRT, and all patients had stable lead parameters and capture thresholds on follow up.  

7. These findings suggest that LOT CRT may be a considered as a first choice 

thetapeuric intervention in this select subset of patients with HFrEF of non ischemic 

etiology and LBBB with QRS duration more that 150 ms, with a potentially better 

long term benefit and better outcomes. 
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CONCLUSION: 

 

This study shows that LOT CRT has comparable clinical benefit and improvement in 

electrical synchrony  as Biventricular CRT, and a potential benefit of better outcomes 

on follow up due to reverse cardiac remodelling, and may be considered as a 

therapeutic intervention of choice in patients with Heart failure with reduced ejection 

fraction and Left bundle branch block.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

57 
 

ANNEXURE 

REFERENCES 

1. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure A Report of 

the American College of Cardiology/American Heart Association Joint Committee on 

Clinical Practice Guidelines 

2. Ponnusamy SS, Vijayaraman P. Left Bundle Branch Block-Induced Cardiomyopathy: 

Insights From Left Bundle Branch Pacing. JACC Clin Electrophysiol. 2021 Sep;7(9):1155-

1165. doi: 10.1016/j.jacep.2021.02.004. Epub 2021 Mar 31. PMID: 33812829. 

 

3.Gentile, Piero & Paldino, Alessia & Cannata, Antonio & Artico, Jessica & Barbati, Giulia & 

Ramani, Federica & Fabris, Enrico & Aleksova, Aneta & Stolfo, Davide & Zecchin, Massimo 

& Merlo, Marco & Sinagra, Gianfranco. (2018). Left bundle branch block in dilated 

cardiomyopathy with intermediate left ventricular dysfunction: Clinical phenotyping and 

outcome correlates. International Journal of Cardiology. 278. 10.1016/j.ijcard.2018.11.005. 

 

4.Japp A, Gulati A, Cook S, et al. The Diagnosis and Evaluation of Dilated Cardiomyopathy. 

J Am Coll Cardiol. 2016 Jun, 67 (25) 2996–3010. 

https://doi.org/10.1016/j.jacc.2016.03.590 

 

5.Bleeker GB, Bax JJ, Steendijk P, Schalij MJ, van der Wall EE. Left ventricular 

dyssynchrony in patients with heart failure: pathophysiology, diagnosis and treatment. Nat 

Clin Pract Cardiovasc Med. 2006 Apr;3(4):213-9. doi: 10.1038/ncpcardio0505. PMID: 

16568130. 

 

6.Alan J Bank, Kevin V Burns, Ryan M Gage, Echocardiographic Measurement of 

Mechanical Dyssynchrony in Heart Failure and Cardiac Resynchronization Therapy, US 

Cardiology 2010;7(1):24–32 

https://doi.org/10.15420/usc.2010.7.1.24 

 

https://doi.org/10.1016/j.jacc.2016.03.590
https://doi.org/10.15420/usc.2010.7.1.24


 

58 
 

7.Jaffe LM, Morin DP. Cardiac resynchronization therapy: history, present status, and future 

directions. Ochsner J. 2014 Winter;14(4):596-607. PMID: 25598725; PMCID: PMC4295737. 

 

8.Francisco Leyva and others, Timing of cardiac resynchronization therapy implantation, EP 

Europace, Volume 25, Issue 5, May 2023, 

euad059, https://doi.org/10.1093/europace/euad059 

 

9. Philippe Castellant and others, Patients with non-ischaemic dilated cardiomyopathy and 

hyper-responders to cardiac resynchronization therapy: characteristics and long-term 

evolution, EP Europace, Volume 11, Issue 3, March 2009, Pages 350–

355, https://doi.org/10.1093/europace/eup035 

10.Strauss DG, Selvester RH, Wagner GS. Defining left bundle branch block in the era of 

cardiac resynchronization therapy. Am J Cardiol. 2011 Mar 15;107(6):927-34. doi: 

10.1016/j.amjcard.2010.11.010. PMID: 21376930. 

11. Y. Wang, H. Zhu, X. Hou, et al.,Randomized trial of left bundle branch vs biventricular 

pacing for cardiac resynchronization therapy 

J Am Coll Cardiol, 80 (2022), pp. 1205-1216, 10.1016/j.jacc.2022.07.019 

 

12. Alvarez-Alvarez B, García-Seara J, Martínez-Sande JL, Rodríguez-Mañero M, Fernández 

López XA, González-Melchor L, Iglesias-Alvarez D, Gude F, Díaz-Louzao C, González-

Juanatey JR. Long-term cardiac reverse remodeling after cardiac resynchronization therapy. J 

Arrhythm. 2021 Mar 21;37(3):653-659. doi: 10.1002/joa3.12527. PMID: 34141018; PMCID: 

PMC8207409. 

 

13. Guo J, Li L, Xiao G, Ye T, Huang X, Meng F, Li Q, Chen S, Cai B. Remarkable response 

to cardiac resynchronization therapy via left bundle branch pacing in patients with true left 

bundle branch block. Clin Cardiol. 2020 Dec;43(12):1460-1468. doi: 10.1002/clc.23462. 

Epub 2020 Sep 22. PMID: 32960993; PMCID: PMC7724211. 

 

14. Ruschitzka F, Abraham WT, Singh JP, Bax JJ, Borer JS, Brugada J, Dickstein K, Ford I, 

Gorcsan J 3rd, Gras D, Krum H, Sogaard P, Holzmeister J; EchoCRT Study Group. Cardiac-

https://doi.org/10.1093/europace/euad059
https://doi.org/10.1093/europace/eup035
https://doi.org/10.1016/j.jacc.2022.07.019


 

59 
 

resynchronization therapy in heart failure with a narrow QRS complex. N Engl J Med. 2013 

Oct 10;369(15):1395-405. doi: 10.1056/NEJMoa1306687. Epub 2013 Sep 2. PMID: 

23998714. 

 

15. Appadurai V, D'Elia N, Mew T, Tomlinson S, Chan J, Hamilton-Craig C, Scalia GM. 

Global longitudinal strain as a prognostic marker in cardiac resynchronisation therapy: A 

systematic review. Int J Cardiol Heart Vasc. 2021 Jul 31;35:100849. doi: 

10.1016/j.ijcha.2021.100849. PMID: 34386575; PMCID: PMC8342974. 

 

16. Vijayaraman P, Ponnusamy S, Cano Ó, Sharma PS, Naperkowski A, Subsposh FA, 

Moskal P, Bednarek A, Dal Forno AR, Young W, Nanda S, Beer D, Herweg B, Jastrzebski M. 

Left Bundle Branch Area Pacing for Cardiac Resynchronization Therapy: Results From the 

International LBBAP Collaborative Study Group. JACC Clin Electrophysiol. 2021 

Feb;7(2):135-147. doi: 10.1016/j.jacep.2020.08.015. Epub 2020 Oct 28. PMID: 33602393. 

 

17. Jastrzębski M, Moskal P, Huybrechts W, Curila K, Sreekumar P, Rademakers LM, 

Ponnusamy SS, Herweg B, Sharma PS, Bednarek A, Rajzer M, Vijayaraman P. Left bundle 

branch-optimized cardiac resynchronization therapy (LOT-CRT): Results from an 

international LBBAP collaborative study group. Heart Rhythm. 2022 Jan;19(1):13-21. doi: 

10.1016/j.hrthm.2021.07.057. Epub 2021 Jul 30. PMID: 34339851. 

 

18. Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A, Barbash IM, Barrabés 

JA, Boriani G, Braunschweig F, Brignole M, Burri H, Coats AJS, Deharo JC, Delgado V, 

Diller GP, Israel CW, Keren A, Knops RE, Kotecha D, Leclercq C, Merkely B, Starck C, 

Thylén I, Tolosana JM; ESC Scientific Document Group. 2021 ESC Guidelines on cardiac 

pacing and cardiac resynchronization therapy. Eur Heart J. 2021 Sep 14;42(35):3427-3520. 

doi: 10.1093/eurheartj/ehab364. Erratum in: Eur Heart J. 2022 May 1;43(17):1651. PMID: 

34455430. 

 

19. Bazoukis G, Thomopoulos C, Tse G, Tsioufis K, Nihoyannopoulos P. Global longitudinal 

strain predicts responders after cardiac resynchronization therapy-a systematic review and 

meta-analysis. Heart Fail Rev. 2022 May;27(3):827-836. doi: 10.1007/s10741-021-10094-w. 

Epub 2021 Mar 30. PMID: 33782788. 

 



 

60 
 

20. Bleeker GB, Bax JJ, Fung JW, van der Wall EE, Zhang Q, Schalij MJ, Chan JY, Yu CM. 

Clinical versus echocardiographic parameters to assess response to cardiac resynchronization 

therapy. Am J Cardiol. 2006 Jan 15;97(2):260-3. doi: 10.1016/j.amjcard.2005.08.030. Epub 

2005 Nov 28. PMID: 16442375. 

 

21. Janwanishstaporn S, Cho JY, Feng S, Brann A, Seo JS, Narezkina A, Greenberg B. 

Prognostic Value of Global Longitudinal Strain in Patients With Heart Failure With Improved 

Ejection Fraction. JACC Heart Fail. 2022 Jan;10(1):27-37. doi: 10.1016/j.jchf.2021.08.007. 

Epub 2021 Nov 10. PMID: 34969494. 

 

22. Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Linde C, Garrigue S, 

Kappenberger L, Haywood GA, Santini M, Bailleul C, Daubert JC; Multisite Stimulation in 

Cardiomyopathies (MUSTIC) Study Investigators. Effects of multisite biventricular pacing in 

patients with heart failure and intraventricular conduction delay. N Engl J Med. 2001 Mar 

22;344(12):873-80. doi: 10.1056/NEJM200103223441202. PMID: 11259720. 

 

23. Tanaka H, Nesser HJ, Buck T, Oyenuga O, Jánosi RA, Winter S, Saba S, Gorcsan J 3rd. 

Dyssynchrony by speckle-tracking echocardiography and response to cardiac 

resynchronization therapy: results of the Speckle Tracking and Resynchronization (STAR) 

study. Eur Heart J. 2010 Jul;31(14):1690-700. doi: 10.1093/eurheartj/ehq213. Epub 2010 Jun 

8. PMID: 20530502; PMCID: PMC2903716. 

 

24. Yu CM, Sanderson JE, Gorcsan J 3rd. Echocardiography, dyssynchrony, and the response 

to cardiac resynchronization therapy. Eur Heart J. 2010 Oct;31(19):2326-37. doi: 

10.1093/eurheartj/ehq263. Epub 2010 Aug 13. PMID: 20709721; PMCID: PMC2948202. 

 

25. Serri K, Lafitte S, Amyot R, Sauvé C, Roudaut R. Echocardiographic evaluation of 

cardiac dyssynchrony. Can J Cardiol. 2007 Mar 15;23(4):303-10. doi: 10.1016/s0828-

282x(07)70760-2. PMID: 17380225; PMCID: PMC2647889. 

 

26. To AC, Benatti RD, Sato K, Grimm RA, Thomas JD, Wilkoff BL, Agler D, Popović ZB. 

Strain-time curve analysis by speckle tracking echocardiography in cardiac resynchronization 

therapy: Insight into the pathophysiology of responders vs. non-responders. Cardiovasc 



 

61 
 

Ultrasound. 2016 Apr 18;14:14. doi: 10.1186/s12947-016-0057-4. PMID: 27090784; 

PMCID: PMC4835914. 

 

27. Risum N, Tayal B, Hansen TF, Bruun NE, Jensen MT, Lauridsen TK, Saba S, Kisslo J, 

Gorcsan J 3rd, Sogaard P. Identification of Typical Left Bundle Branch Block Contraction by 

Strain Echocardiography Is Additive to Electrocardiography in Prediction of Long-Term 

Outcome After Cardiac Resynchronization Therapy. J Am Coll Cardiol. 2015 Aug 

11;66(6):631-41. doi: 10.1016/j.jacc.2015.06.020. PMID: 26248989. 

 

28. Sun Z, Di B, Gao H, Lan D, Peng H. Assessment of ventricular mechanical 

synchronization after left bundle branch pacing using 2-D speckle tracking echocardiography. 

Clin Cardiol. 2020 Dec;43(12):1562-1572. doi: 10.1002/clc.23481. Epub 2020 Oct 21. 

PMID: 33085114; PMCID: PMC7724215. 

 

29. Ghani A, Delnoy PP, Adiyaman A, Ottervanger JP, Ramdat Misier AR, Smit JJ, Elvan A. 

Response to cardiac resynchronization therapy as assessed by time-based speckle tracking 

imaging. Pacing Clin Electrophysiol. 2015 Apr;38(4):455-64. doi: 10.1111/pace.12589. Epub 

2015 Feb 14. PMID: 25684239. 

 

30. Zhang J, Li F, Zhang ZY, Yang F, Kong Q, Chen JY, Zhang L, Liu HH, Chen XF, Ye YH, 

Wang RX. Conduction system pacing is superior to biventricular pacing in patients with heart 

failure: Insights from the pooled clinical studies. Front Physiol. 2023 May 5;14:1125340. doi: 

10.3389/fphys.2023.1125340. PMID: 37215180; PMCID: PMC10196184. 

 

31. Wang Y, Zhu H, Hou X, Wang Z, Zou F, Qian Z, Wei Y, Wang X, Zhang L, Li X, Liu Z, 

Xue S, Qin C, Zeng J, Li H, Wu H, Ma H, Ellenbogen KA, Gold MR, Fan X, Zou J; LBBP-

RESYNC Investigators. Randomized Trial of Left Bundle Branch vs Biventricular Pacing for 

Cardiac Resynchronization Therapy. J Am Coll Cardiol. 2022 Sep 27;80(13):1205-1216. doi: 

10.1016/j.jacc.2022.07.019. PMID: 36137670. 

 

32. Chen X, Ye Y, Wang Z, Jin Q, Qiu Z, Wang J, Qin S, Bai J, Wang W, Liang Y, Chen H, 

Sheng X, Gao F, Zhao X, Fu G, Ellenbogen KA, Su Y, Ge J. Cardiac resynchronization 

therapy via left bundle branch pacing vs. optimized biventricular pacing with adaptive 

algorithm in heart failure with left bundle branch block: a prospective, multi-centre, 



 

62 
 

observational study. Europace. 2022 May 3;24(5):807-816. doi: 10.1093/europace/euab249. 

PMID: 34718539; PMCID: PMC9071084. 

 

33. Rijks J, Luermans J, Heckman L, van Stipdonk AMW, Prinzen F, Lumens J, Vernooy K. 

Physiology of Left Ventricular Septal Pacing and Left Bundle Branch Pacing. Card 

Electrophysiol Clin. 2022 Jun;14(2):181-189. doi: 10.1016/j.ccep.2021.12.010. Epub 2022 

May 25. PMID: 35715076. 

 

34. Anderson LJ, Miyazaki C, Sutherland GR, Oh JK. Patient selection and 

echocardiographic assessment of dyssynchrony in cardiac resynchronization therapy. 

Circulation. 2008 Apr 15;117(15):2009-23. doi: 10.1161/CIRCULATIONAHA.107.721332. 

PMID: 18413509. 

 

35. Japp AG, Gulati A, Cook SA, Cowie MR, Prasad SK. The Diagnosis and Evaluation of 

Dilated Cardiomyopathy. J Am Coll Cardiol. 2016 Jun 28;67(25):2996-3010. doi: 

10.1016/j.jacc.2016.03.590. PMID: 27339497. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

63 
 

 

 

 

 

 

 

 



 

64 
 

ANNEXURE-B IEC APPROVAL LETTER 

 

 



 

65 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

66 
 

ANNEXURE C – PATIENT INFORMATION  

Patient Information Sheet TITLE OF THE STUDY: COMPARISION OF CLINICAL AND 

ECHOCARDIOGRAPHIC MARKERS IN PATIENTS UNDERGOING CRT AND LEFT BUNDLE BRANCH PACING 

IN HEART FAILURE WITH REDUCED EJECTION FRACTION You are being requested to participate in this 

study where we will assess the symptoms before and after the different pacemaker procedures for 

heart failure. 2d echocardiography will also be performed before and after the procedure. Your 

participation in this study would contribute immensely to improving future care of patients with 

heart failure.we will be able to compare the outcomes of the different types of procedures, which 

will help us tailor the therapy for patients in future If you take part what will you have to do? The 

study will require your consent after clarifying all related queries.All treatment that you have and will 

be receiving shall be as per routine protocols of the institution and it will not be changed during this 

study. The participation in the study is purely voluntary and there will be no difference in your 

treatment or follow up if you decide not to cooperate for the study. Will you have to pay for the 

investigations? No additional investigations will be needed apart from routine protocols. What 

happens if you are detected to have any fresh problems during the study? No additional risks are 

anticipated due to the study Will your personal details be kept confidential? The results of this study 

may be published in a medical journal for advancement of medical sciences and surgical standards of 

care.You will not be identified by name in any publication or presentation of results. However, your 

medical notes may be reviewed by people associated with the study, without your additional 

permission. If you have any further questions, please ask Dr.Pooja Prasad(Tel 

9945713382,pooja90prasad@gmail.com) For any clarifications regarding the study’s ethics clearance 

you may contact the Member Secretary of the SCTIMST-IEC. The phone number is: 234(O) 0471- 

2524234 and the email id is iec.mem.sec@sctimst.ac.in  
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CONSENT FORM  

Title of the study: COMPARISION OF CLINICAL AND ECHOCARDIOGRAPHIC MARKERS IN PATIENTS 

UNDERGOING CARDIAC RESYNCHRONIZATION THERAPY AND LEFT BUNDLE BRANCH PACING IN 

HEART FAILURE WITH REDUCED EJECTION FRACTION  

Participant’s name: Age (in years): I_________________________, son/ daughter/husband/wife/ —

————————————————of _________________________________________ declare 

that (Please tick boxes)  

• I have read the above information provided to me regarding the study:[ ]  

• I have clarified any doubts that I had. [ ]  

• I also understand that my participation in this study is entirely voluntary and that I am free to 

withdraw permission to continue to participate at any time without affecting my usual treatment or 

my legal rights [ ]  

• I understand that the study staff and institutional ethics committee members will not need my 

permission to look at my health records even if I withdraw from the study. I agree to this access [ ]  

• I understand that my identity will not be revealed in any information released to third parties or 

published [ ]  

• I voluntarily agree to take part in this study [ ]  

• I have been provided with the contact numbers of the principle investigator, in case I want to know 

more about the study and participants rights [ ].  

• I received a copy of this signed consent form [ ]  

Name:  

Signature: 

 

 Name of witness:  

Date:  

Signature:  

 

Relation to participant:  

 

Obtaining Consent: I attest that the requirements for informed consent for the medical research 

project described in this form have been satisfied. I have discussed the research project with the 

participant and explained to him or her in nontechnical terms all of the information contained in this 

informed consent form, including any risks and adverse reactions that may reasonably be expected 

to occur. I further certify that I encouraged the participant to ask questions and that all questions 

asked were answered.  

Name :  
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Signature :  

Date :  

Place : SCTIMST, Thiruvananthapuram 
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