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MM-MIDMYOCARDIAL 

MRA-MINERALOCORTICOID RECEPTOR ANTAGONIST,  

MRI-MAGNETIC RESONANCE IMAGING 

MR-MITRAL REGURGITATION 

NYHA-NEW YORK HEART ASSOCIATION 
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SEM   :          STANDARD ERROR OF MEAN 

ECG : ELECTROCARDIOGRAM 

E.G. : FOR EXAMPLE 

FIG : FIGURE 

HR : HEART RATE 

HR : HOUR 

I.E. : THAT IS 
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Introduction 

Heart failure (HF) is a significant health problem in South Asia. The estimated prevalence of 

HF in India ranges from 1.3 to 4.6 million, with an annual incidence ranging from 491,600 to 

1.8 million.(1) Heart failure in India has postadmission mortality of 20%–30%. Medication 

adherence ranges from 25% to 50%, and the tolerance of guideline-based medication is low for 

Indian patients. Devices such as implantable cardioverter-defibrillators (ICD) and cardiac 

resynchronization therapy (CRT) devices, and left ventricular assist devices (LVAD) are 

available but not within reach of all. Patients with HF in India, compared with their western 

counterparts, have specific characteristics; they are younger, sicker, and have much higher 

morbidity and mortality.(2) Several studies demonstrated the safety and effectiveness of 

cardiac resynchronization therapy (CRT) combined with optimal drug therapy in the 

management of patients with moderate-to-severe HF.(3) Currently, CRT is a class I indication 

for patients with HF and LVEF <35%, LBBB and QRS duration of >150ms.(4)          

 

               Although cardiac pacing had been used historically to effectively treat bradycardia 

(delayed or absent activation of the entire ventricle), cardiac resynchronization therapy (CRT) 

introduced the concept of pacing to treat a delayed segment of the ventricle. When segments 

of the left ventricle (LV) contract with marked delay (most commonly of the free wall due to 

left bundle branch block [LBBB]), they fail to meaningfully contribute to stroke volume and 

cardiac output. This is termed dyssynchrony. Cardiac resynchronization improves ventricular 

function by pacing to improve electrical (and consequently mechanical) coordination and thus 

pump efficiency. It is accomplished by near-simultaneous pacing of the right ventricle (RV) 

and LV, most commonly using an epicardial lead in the coronary sinus to restore 

interventricular and intraventricular synchrony. This, in turn, improves LV contractility, stroke 

volume, and ejection fraction (EF).(5) 
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               Dyssynchrony was first recognized in patients with cardiomyopathy and bundle 

branch block, who were noted to have a delay in the contraction of the posterior wall relative 

to the septum on M-mode echocardiography in 1994.(6)  The presence of a left bundle branch 

block is associated with higher mortality in patients with heart failure.(7) CRT has been shown 

to reverse adverse cellular remodeling, improve ventricular function, lower levels of HF 

biomarkers (e.g., B-type natriuretic peptide), reduce HF hospitalization, and lower 

mortality.(8) However, CRT is not uniformly effective, and careful patient selection, lead 

positioning, and device programming are necessary to maximize its benefits. 

                

                    A large proportion of CIED implants in India are pacemakers for bradyarrhythmias 

indications, predominantly AV block.  Most CRT devices are implanted for NYHA Class III. 

There is a male predominance for implantation of CIED. (9) The benefits of CRT have been 

extensively studied in multiple randomized control trials; however, patients in those trials are 

meticulously selected, with stringent follow up, and hence may not reflect real-world data. 

Some studies done in India have shown clear superiority of CRT therapy over optimal 

pharmacological therapy in terms of improvement in clinical conditions among selected 

patients with HF.(10) Our study aims to add knowledge regarding the Indian scenario of CRT 

usage, it reflects the experience from a tertiary care center over a fairly long term follow up of 

patients with CRT. 
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The very essence of cardiovascular medicine is the recognition of early heart failure  

                                                                                                      Sir Thomas Lewis, 1933(11) 

 

          Cardiac pacing significantly improves the survival and quality of life in patients with 

bradycardia and/or dyssynchrony. When first introduced, pacemakers were simply lifesaving 

devices that provided a fixed pacing rate during bradycardia. With advances in technology and 

in our understanding of cardiac physiology, devices have been developed that can mimic 

normal cardiac automaticity and atrioventricular activation sequence and can approach the 

normal sequence of ventricular activation. These developments have led to a significant 

extension of the use of pacemakers so that now pacemakers are used to treat patients with 

bradycardia and a wide range of atrioventricular and intraventricular conduction disturbances. 

The latter relates to the condition of cardiac “dyssynchrony,” for which cardiac 

resynchronization therapy (CRT) has been clinically introduced around the year 2000. 

 

          The use of CRT to treat patients with heart failure has given new impetus to a more 

comprehensive view on the role of intra-atrial, interatrial, interventricular, and intraventricular 

dyssynchrony, all factors that can be influenced in both a positive and negative way by cardiac 

pacing. It is now clear that a truly physiologic pacemaker maintains the normal sequence and 

timing of atrial and ventricular activation over a wide range of heart rates, can vary the heart 

rate in response to metabolic demands, and preserve the normal rapid, synchronous sequence 

of ventricular activation when required. (12) 
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Definition and classification of the problem (Heart Failure)  

                 A universal definition of heart failure (HF) defines HF as the following: HF is a 

clinical syndrome with symptoms and or signs caused by a structural and/or functional cardiac 

abnormality and corroborated by elevated natriuretic peptide levels and or objective evidence 

of pulmonary or systemic congestion.  Revised stages of HF according to the consensus 

statement are as follows. 

1. At-risk for HF (Stage A), for patients at risk for HF but without current or prior 

symptoms or signs of HF and without structural or biomarkers evidence of heart 

disease.  

2. PreHF (stage B), for patients without current or prior symptoms or signs of HF, but 

evidence of structural heart disease or abnormal cardiac function, or elevated natriuretic 

peptide levels.  

3. HF (Stage C), for patients with current or prior symptoms and/or signs of HF caused 

by a structural and/or functional cardiac abnormality.  

4. Advanced HF (Stage D), for patients with severe symptoms and/or signs of HF at rest, 

recurrent hospitalizations despite guideline-directed management and therapy 

(GDMT), refractory or intolerant to GDMT, requiring advanced therapies such as 

consideration for transplant, mechanical circulatory support, or palliative care.(13) 

 

The newly revised classification of HF based on LV ejection fraction includes  

1. HF with reduced EF (HFrEF): HF with an LVEF of <40%;  

2. HF with mildly reduced EF (HFmrEF): HF with an LVEF of 41% to 49%;  

3. HF with preserved EF (HFpEF): HF with an LVEF of 50%; and  
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4. HF with improved EF (HFimpEF): HF with a baseline LVEF of <40%, a 10-point 

increase from baseline LVEF, and a second measurement of LVEF of >40% 

 

Magnitude of problem in India 

            Heart failure (HF) is emerging as an important public health problem in India. With the 

dual burden of traditional diseases like rheumatic heart disease and the rising burden of new-

age diseases like coronary artery disease, the burden of HF in India, is likely to be enormous. 

Also, the varying geographic and ethnic diversity poses a great challenge to the management 

of HF in our country. 

           Based on disease-specific estimates of prevalence and incidence rates of heart failure, 

a conservative estimate projects the prevalence of heart failure in India due to coronary heart 

disease, hypertension, obesity, diabetes, and rheumatic heart disease to range from 1.3 to 4.6 

million, with an annual incidence of  491 600–1.8 million.(1) 

                 The age at presentation with HF is dependent upon the level of epidemiological 

transition of that country. In the Trivandrum Heart Failure Registry (THFR) from India, the 

patients with HF were 10 years younger (mean age 61 years) compared to their western 

counterparts. In the INTER-CHF study, the mean age among Indians was 56 years, while the 

patients from sub-Saharan Africa were even younger, at 53 years. By contrast, the mean age at 

presentation was 72 years in the USA and the European data – the mean age was 70 years. The 

Kerala ACS registry also showed the presentation of ACS was at a younger age in India.(14) 

 

Pathophysiology of dyssynchrony  

              When segments of the left ventricle (LV) contract with marked delay (most commonly 

of the free wall due to left bundle branch block [LBBB]), they fail to meaningfully contribute 

to stroke volume and cardiac output. This is termed dyssynchrony. Both RV pacing and LBBB 
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reduce systolic and diastolic function. These effects are independent of changes in preload and 

afterload.(15) This conclusion can be reached on the basis of results from studies using 

preparations in which preload and afterload were controlled, as well as those in which preload- 

and afterload-independent indices of ventricular function were determined.(16) The negative 

mechanical effect of dyssynchronous activation has been observed under various loading 

conditions, exercise, and in patients with and without coronary artery disease or impaired LV 

function.  

              As a consequence of the slower contraction and relaxation, isovolumic contraction 

and relaxation phases last longer, thus leaving less time for ventricular filling and 

ejection.(15)(16) Therefore it is not surprising that cardiac output and systolic arterial and LV 

pressures are also affected by dyssynchronous activation. In general, stroke volume is affected 

more than systolic LV pressure, presumably because baroreflex regulatory mechanisms partly 

compensate for the decrease in blood pressure. In addition to reduced stroke volume at 

unchanged preload, ejection fraction is usually found to be depressed during ventricular pacing 

as well as in LBBB. Similarly, ventricular pacing can increase pulmonary wedge pressure. The 

negative inotropic effect of ventricular pacing under various loading conditions is clearly 

illustrated by a rightward shift of the LV function curve, that is, the relationship between 

cardiac output and mean atrial pressure. (17) Later studies showed a rightward shift of the end-

systolic pressure-volume (P-V) relation, thus suggesting that for each end-systolic pressure, the 

LV must operate at a larger LV volume.(17) 
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Figure 1: Possible relationships among the various consequences of dyssynchronous 

activation of the ventricles, due to ventricular pacing or conduction disturbances, and the 

deterioration of pump function over time. P-V, Pressure-volume.(12) 

 

 

Mechanism of CRT in improving dyssynchrony 

        The essential novelty of CRT is that cardiac pacemakers no longer “just” maintained a 

normal heart rhythm but that they now also modify the sequence of atrial and ventricular 

conduction to improve pump function. Pacing at the LV lateral wall is used to create an 

activation wavefront, which moves in the opposite direction from a spontaneously occurring 

activation wavefront.(18) Consequently, during BiV pacing, two activation wavefronts are 

generated and merge approximately in the middle. A similar effect is obtained by single-site 

LV pacing using an AV interval that allows merging of the intrinsic activation originating from 

the RBB with the wavefront derived from the LV pacing lead. These merging wavefronts lead 

to less electrical dyssynchrony when compared with LBBB.(19)  
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               CRT prolongs the time to maximum contraction and, by doing so, restores a more 

coordinated contraction pattern resulting in a more homogeneous distribution of regional 

loading conditions.(20)  The improved cardiac pump function is expressed as higher LV dP/dT 

max, pulse pressure, cardiac output, and ejection fraction.(21) Improvement in pump function 

is also possibly mediated by reduction regurgitation of mitral and prolongation of diastolic 

filling time. These beneficial effects occur almost immediately after the start of 

resynchronization.(22) Such improved systolic pump function is achieved at unchanged or 

even lower filling pressures, denoting a true improvement of ventricular contractility through 

better coordination of contraction. Nelson and associates have shown that better coordination 

of contraction improves mechanical pump function while slightly decreasing myocardial 

energy consumption.(23)  

          The improved contractility and pump efficiency at a smaller end-diastolic volume reduce 

mechanical ventricular stretch. This latter reduction and the probably associated reduction in 

neurohumoral activation may well explain the beneficial reverse remodeling effect of CRT, 

such reverse remodeling points to a structural improvement in the myocardium.(22) 

 

Landmark Trials in CRT 

Multiple trials have shown clinical benefits after CRT implantation, they briefly summarized 

below: 

Multisite Stimulation in Cardiomyopathy (MUSTIC) Trial: The MUSTIC trial, published in 

2001, was the first large trial demonstrating the clinical benefits of CRT. It was a single-blind 

crossover study enlisting patients with New York Heart Association (NYHA) class III HF, 

LVEF ≤35%, left ventricle end-diastolic diameter >60 mm, and QRS duration >150 ms. The 
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MUSTIC investigators 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 (the primary endpoint), as well as improved 

quality of life and peak oxygen consumption following CRT. Because of the short duration of 

the study and crossover design, the study was not able to show a mortality difference. 

Nevertheless, the MUSIC trial was important because it was the first trial demonstrating 

clinical improvement with CRT and paved the way for later randomized controlled trials.(24) 

 

Multicenter InSync Randomized Clinical Evaluation (MIRACLE) Trial:  Reported in 2002, the 

MIRACLE trial randomized 453 patients in sinus rhythm with NYHA class III-IV HF, LVEF 

≤35%, and QRS duration ≥130ms to receive biventricular pacing or no pacing. During the 6-

month follow-up, CRT showed a decrease in hospitalizations because of HF as well as 

significant improvements in 6-minute walk distance, NYHA class, and quality of life score. A 

significant improvement in walking distance was noticed in the CRT group in as early as 3 

months. In addition, the MIRACLE trial showed that resynchronization therapy is an effective 

adjunct to pharmacologic therapy in reducing the secondary combined endpoint of HF 

hospitalization or death. Despite these positive results, the MIRACLE trial was not sufficiently 

powered to detect an improvement in mortality with CRT.(25) 

 

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

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. The trial enrolled 

patients with NYHA class III-IV HF, LVEF ≤35%, and QRS duration >120ms. The trial had 3 

treatment arms: patients were randomly assigned to optimal medical therapy (OMT) alone, 
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OMT plus CRT with pacing only (CRT-P), or OMT plus CRT with a defibrillator (CRT-D). 

At one year, the CRT-D group, but not the CRT-P group, had a 

significant reduction in overall mortality compared to the group receiving OMT alone. The 

CRT-P group barely missed statistical significance for overall mortality (p=0.059). The 

exciting results of the COMPANION study showed that CRT-D had a definite mortality benefit 

and suggested that CRT may improve mortality, even in the absence of a defibrillator.(8) 

 

Cardiac Resynchronization-HF (CARE-HF) Trial: In 2005, the CARE-HF trial attempted to 

clarify the mortality benefit of CRT independent of the mortality benefit of defibrillation. This 

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

echocardiographic dyssynchrony, and LVEF ≤35%. Of note, the vast majority of CARE-HF 

subjects had a very long QRS duration (median 160ms). Only approximately 8% of patients 

had QRS duration between 120-150ms, and enrolment of these patients required mechanical 

dyssynchrony as determined by echocardiography. The primary endpoint was a composite of 

all-cause mortality or hospitalization for a major cardiovascular event, and the secondary 

endpoint was all-cause mortality. 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.(3) 
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Multicenter Automatic Defibrillator Implantation with Cardiac Resynchronization Therapy 

(MADIT-CRT) Trial: In 2009, the MADIT-CRT trial randomized 1,820 patients with LVEF ≤ 

30% and QRS duration ≥150 ms to biventricular pacing or no-pacing groups. Significantly, the 

MADIT-CRT trial enrolled patients with mild (NYHA class I-II) HF, a group that had 

previously been excluded from CRT trials. This study showed that CRT produced a 29% 

reduction in the primary combined endpoint of HF events (defined by a need for intravenous 

diuretics) and mortality. However, further analysis showed that this reduction was derived 

almost exclusively from HF events, slightly weakening the impact of the study. Nonetheless, 

MADIT-CRT demonstrated that even mildly symptomatic HF patients might benefit from 

CRT.(26) 

 

Resynchronization-Defibrillation for Ambulatory HF (RAFT) Trial: The RAFT trial helped 

delineate the mortality advantage conferred by CRT independent of defibrillation. The trial 

randomized 1,798 patients with NYHA class II-III HF, LVEF ≤30%, and QRS duration 

≥120ms to receive either an ICD alone or an ICD plus CRT. The study recorded that CRT 

produced a 7% reduction in the primary outcome of death from any cause or hospitalization 

for HF. RAFT further confirmed the benefits of CRT over and above the benefits of 

defibrillator therapy alone.(27) 

 

Randomized Trial of Cardiac Resynchronization in mildly symptomatic Heart Failure patients 

and in asymptomatic patients with Left Ventricular Dysfunction and previous Heart Failure 

symptoms(REVERSE trial):  The REVERSE Trial, published in 2008, studied the effects of 

cardiac resynchronization therapy (CRT) in New York Heart Association(NYHA) functional 

class II heart failure (HF) and NYHA functional class I (American College of 

Cardiology/American Heart Association stage C) patients with previous HF symptom. Six 
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hundred ten patients with NYHA functional class I or II heart failure with a QRS ≥120 ms and 

a LV ejection fraction ≤40% received a CRT device (±defibrillator) and were randomly 

assigned to active CRT (CRT-ON; n =419) or control (CRT-OFF; n = 191) for 12 months. The 

primary endpoint was the HF clinical composite response, which scores patients as improved, 

unchanged, or worsened. The prospectively powered secondary endpoint was LV end-systolic 

volume index. Hospitalization for worsening HF was evaluated in a prospective secondary 

analysis of health care use. The HF clinical composite response endpoint, which compared only 

the percent worsened, indicated 16% worsened in CRT-ON compared with 21% in CRT-OFF 

(p = 0.10). Patients assigned to CRT-ON experienced a greater improvement in LV end-systolic 

volume index (-18.4 ± 29.5 ml/m2 vs. -1.3 ± 23.4 ml/m2, p <0.0001) and other measures of 

LV remodeling. Time-to-first HF hospitalization was significantly delayed in CRT-ON (hazard 

ratio: 0.47, p =0.03). The REVERSE  trial demonstrated that CRT, in combination with optimal 

medical therapy (±defibrillator), reduces the risk for heart failure hospitalization and improves 

ventricular structure and function in NYHA functional class II and NYHA functional class I 

(American College of Cardiology/American Heart Association stage C) patients with previous 

HF symptoms.(28) 
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Hypothesis: 

 

• The clinical response to CRT is modified by many associated factors. 

• The response rate to CRT on follow-up in a well-monitored device clinic is 

comparable to the Western data. 

 

Aims and Objectives: 

 

1. To assess clinical outcomes in patients who underwent CRT P/D implantation 

2. To elucidate factors that determine response to CRT as in improvement in NYHA 

class, ECG (QRS duration) and Echocardiographic (LVEF, Endsystolic volumes) 

parameters 
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            In this hospital-based study, patients who have undergone CRT implantation from 

January 2004 to December 2019 were taken up for analysis 

 252 patients who underwent CRT implantation as per international guidelines in our 

institution from January 2004 to December 2019, fulfilling the eligibility criteria, were enrolled 

in this study. This study was approved by the institutional ethical committee.  

 

 Study Design: Retrospective, observational study 

 Subject selection: 

                      Inclusion criteria 

• All consecutive patients who had undergone CRT P/D implantation from 

January 2004 till December 2019. 

                      Exclusion criteria 

• Those who had implants in other centers but being followed up in our device 

clinic 

 Characteristics at baseline and data of all follow-up visits are collected from EMR. 

 The last follow-up data were acquired in June 2021 

 Place of study: Department of Cardiology, SCTIMST 

 Sample size – 252 patients 

 

                           

                                                     Figure 2: Study Flow Chart 

 

 

252 patients taken up for study  

Implant done elsewhere= 11

Total patients considered for study=263
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Study factors: 

1. Hypertension: Hypertension was defined as a blood pressure of higher than 140mm 

Hg systolic and/or 90mm Hg diastolic (mean of three measurements for cases) or use 

medications for hypertension. 

2. Coronary Artery Disease: Signs, Symptoms, ECG changes, Exercise test (TMT), 

Coronary angiography suggestive coronary artery disease or ischemic heart disease.  

3. Diabetes mellitus: According to ADA definition of diabetes, A1C of greater than or 

equal to 6.5%, or fasting blood glucose of greater than or equal to 126 mg/dl, or random 

blood glucose of greater than or equal to 200 mg/dl. 

4. Atrial Fibrillation: Signs, Symptoms and ECG changes of Atrial fibrillation. 

5. Uncontrolled Hypertension- Systolic blood pressure of more than 180 mm of Hg and 

Diastolic blood pressure of more than 110 mm of Hg. 

6. Systolic Dysfunction: Ejection fraction of less than 50% assessed by 2D-

Echocardiography. Ejection fraction was calculated by Fractional shortening; 

Fractional Shortening= [(LVEDD-LVESD)/LVEDD] x 100 

7. Dyslipidemia: Defined by ATP III guidelines. 

8. Smoking: Defined by the history of addiction to tobacco smoking as per history was 

given by patient or relatives. 

9. Heart failure: Defined by physical signs and symptoms of heart failure according to 

ESC criteria. 

10. Responders vs Non-responders:  

Response to CRT: change in LVEF >/= to 5% with improvement in NYHA functional 

class by at least one 

          Non-responders- Change in LVEF < 5% with worsening NVHA functional class or     

          no improvement in NYHA functional class 
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11.  New York Heart Association Classification: Using a categorical system, the 

patient's ability to perform different levels of physical activity is graded. The 

symptoms have previously been shown to correlate with the degree of LVSD and 

prognosis. The grading system is described below: 

             NYHA I: No limitation in physical activity. 

             NYHA II: Slight limitation in physical activity 

             NYHA III: Marked limitation in physical activity 

             NYHA IV: Unable to carry out physical activity without discomfort. Symptoms at  

              rest 

12.  Non-ischemic cardiomyopathy: defined as normal coronary and  LVEF<35% 

13.  Ischemic cardiomyopathy: defined as LVEF <35% and significant coronary 

involvement 

14. Cardiac cause of death: defined as death due to Congestive cardiac failure, VT 

storm, Myocardial infarction, Sudden cardiac death. 

 

 

Observations: 

The observations will be noted by the principal investigator, and confidentiality will be 

maintained regarding patient identification. Data will be stored by the principal investigator 

on his personal computer for three years. 

  Patient’s name:                                                                            

Age:    Years              Sex: M/F                          H. No: 

Home Town:                                     Contact No: 

Diagnosis: 

CLINICAL FEATURES  

 NYHA CLASS 

Past Medical History: 

 CV Risk Factors : DM / HT / Smoking / PVOD / Prior CHF/AF 
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ECG Findings: 

 Heart Rate : 

 Rhythm : 

 QRS Duration: 

Echo Findings: 

 LVEF 

 LV DD- S-    D- 

 IVS- S-  D- 

 PW- S-  D- 

 ESV, EDV 

 SPWD, Interventricular delay 

 Mitral Regurgitation: Absent, Trivial, Mild, Moderate, Severe 

 RV dysfunction : Yes / No 

MRI Findings: 

 LVEDD 

 LEEDS 

 LVEF 

 Gadolinium enhancement 

o Epicardial: 

o Mid-Myocardial: 

o Sub-endocardial: 

o Transmural 

      Lead position: 

      QLD time: 

      Device parameters: 

TREATMENT RECEIVED: 

 DIURETICS 

 LOOP DIURETICS 

 POTASSIUM-SPARING DIURETICS 

 OTHERS 

 BETA-BLOCKERS 

 ACE INHIBITORS 
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 ARB 

 

 

 

Statistical Analysis 

 

• Continuous data were expressed as mean±SD 

• Categorical data were presented as numbers and percentages. 

• Independent-sample t-test for continuous variables and Chi-square   test for 

categorical variables. 

• Multivariate analysis was used to find significant predictors of outcome 

• Kaplan Meier analysis was used to find survival patterns 

• p-value of <0.05 was considered significant 
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Observations 

and Results 
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A total of 252 patients fulfilling the inclusion criteria who underwent CRT implantation 

between January 2004 and December 2019 were recruited in the study. Mean Follow up 

period being 4.5 ±2.6 years.

 

Figure 3: Gender distribution in the study population 

 

Of the total patients recruited, males (n=189) outnumbered females (n=63) ; ratio of 3:1. The 

following are the results and observations. 
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Table 1: Baseline Demographic features 

 

 

VARIABLE MALES (n=189) (SD) FEMALES (n=63) (SD) MEAN (n=252) (SD) 

AGE (years) 56.52 (±12.1) 52.29(±13.2) 55.11(±12.93) 

 

 

Total Cases-252 

Sex ratio (males: females)-3:1 

Mean age: 55.11 years ± 12.93 years 

 

 

Figure 4:Age distribution in the study population 

 

The majority of patients were in the 50-59 years group(36%) and 60-69 years(28%). 

 

 

 

 

 

            

2 3 4

1
6

3
8

9
2

7
1

1
9

7

0 - 9 Y R 1 0  Y R -
1 9 Y R

2 0 Y R -
2 9 Y R

3 0 Y R -
3 9 Y R

4 0 Y R -
4 9 Y R

5 0 Y R -
5 9 Y R

6 0 Y R -
6 9 Y R

8 0 Y R -
8 9 Y R

7 0 Y R -
7 9 Y R



 

35 

 

            

           Table 2: Comorbidities in the study population 

VARIABLE             n=252 (%) 

Diabetes Mellitus 143(56.7%) 

Hypertension 132(52.3%) 

Dyslipidemia 115(45.6%) 

Smoking 71(28.1%) 

Past H/O Heart Failure 104(41.2%) 

H/O Atrial Fibrillation 18(7.1%) 

H/O Ventricular Tachycardia 59(23.4%) 

H/O Complete Heart Block 54(21.4%) 

 

Diabetes mellitus was the most commonly seen comorbidity in the study population with an 

overall prevalence of 52.3%, followed by hypertension 52.3% and dyslipidemia 45.6%. 41.2% 

had a history of heart failure. History of ventricular tachycardia in 23.4%, and complete heart 

block in 21.4%. 
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      Table 3: Baseline Patient characteristics 

 CRT-D- cardiac resynchronization therapy-defibrillator, CRT-P-cardiac resynchronization therapy-pacemaker, NYHA- New York heart 

association 

 

CRT-P implantation was done in 60.3%, and CRT-D was implanted in 39.6%. Non-

ischemic heart disease as the etiology was seen 67.8%and ischemic etiology in 32.1%. 

Predominantly patients were in NYHA FC III (71.8%) during device implantation. Baseline 

Pro BNP was 3039±3160, 6MWT is 355±134 minutes at baseline. (Table 3) 

 

 

 

 

 

 

 

VARIABLE n=41 (%) and (mean±SD) 

TYPE OF DEVICE CRT-P 152 (60.3%) 

CRT-D 16 (39.6%) 

ISCHEMIC/NON-ISCHEMIC NON-

ISCHEMIC 

171(67.8%) 

ISCHEMIC 81(32.1%) 

NYHA FUNCTIONAL CLASS II-47 (18.6%) 

III-181(71.8%) 

IV-24(9.5%) 

Pro BNP 150(3039±3160) 

6-minute walk test(6MWT) 32(355±134) 
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                  Table 4: ECG findings  

VARIABLE N and 

mean±SD 

QRSd (ms)  167±24 

PR prolongation n(%) 78(30.9%) 

Bundle branch block LBBB n(%) 227(90.07%) 

RBBB n(%) 16(6.3%)  

IVCD(%) 9(3.5%)  

                            QRSd-QRS duration, LBBB-Left bundle branch block, RBBB-Right bundle branch block, IVCD- interventricular         

                             defect 

 

The study population had a mean QRS duration of 167ms with a standard deviation of ±24ms. 

90.07% of patients had left bundle branch block, and right bundle branch block was seen 6.3%. 

PR interval was prolonged in 30.9%. 
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              Table 5: Echocardiographic parameters 

VARIABLE mean±SD 

LVIDS (mm) 65.62 (10.06) 

LVIDD (mm) 54.45 (10.58) 

LVEF (%) 29.46 (8.26) 

ESV(ml) n=141 193.52 (67.14) 

EDV(ml) n=143 139.58 (55.22) 

SPWD(ms) n=122 192.98 (89.54) 

Interventricular delay(ms) n=68 58(29) 

Mitral Regurgitation Trivial n (%) 35 (18.2%) 

Mild n (%) 76 (39.6%) 

Moderate n (%) 60 (31.2%) 

Severe n (%) 10 (5.2%) 

RV dysfunction 19 (7.53%) 

LVEF- left ventricular ejection fraction, ESV-end systolic volume, EDV-end-diastolic volume, LVIDD-LV internal diameter in diastole, 

LVIDS-LV internal diameter in systole, SPWP-septum to posterior wall delay,  

 

 

. Mild and moderate mitral regurgitation was found in 39.6% and 31.2%, respectively. Severe 

mitral regurgitation The echocardiographic parameters at the baseline showed mean LV 

internal diameter during diastole of 65.62mm, LV internal diameter during systole54.49mm, 

and mean LV ejection fraction was 29.46%.  The mean end-systolic volume in baseline was 

193.52ml, end-diastolic volume was 139.58ml. Markers of dyssynchrony, mean septum to 
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posterior wall delay was 192.98ms, whereas interventricular delay was 58ms was present in 

5.2% at baseline. Right ventricular dysfunction was present in 7.53% of patients. 

 

 

Table 6: Hemodynamic parameters 

Variable Mean ± SD 

Pulmonary capillary wedge pressure(mmHg) n=69 20±8.3 

Left ventricular end-diastolic pressure(mmHg) n=76 21±8 

Mean Pulmonary arterial pressure (mmHg) n=71 29±10 

 

 

Hemodynamic data were available in 76 patients. The mean pulmonary capillary wedge 

pressure was 20mmHg, LV end-diastolic pressure was 21mmHg, and mean pulmonary artery 

pressure was 29mmHg. 
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Table 7 : MRI parameters 

Variable N=65(SD) 

LVESV (ml) 143±70 

LVEDV (ml) 111±66 

LVEF (%) 24±9.3 

LGE n (%) Absent 36(55.38%) 

Present 29(44.6%) 

Transmural 18(27.69%) 

Subendocardial 6(9.2%) 

Mid-myocardial 5(7.6%) 

LGE-late gadolinium enhancement, LVESV- Left ventricular end-systolic volume, LVEDV-left ventricular end-diastolic volume, LVEF-left 

ventricular ejection fraction 

 

 

 

MRI data was available in 65 patients. Mean normalized LV end-systolic volume was 143ml, 

mean normalized LV end-diastolic volume was 111ml. The mean MRI LV ejection fraction 

was 24%. Late gadolinium enhancement was present in 44%, whereas it was not present in 

55%. The most common pattern of enhancement was transmural(27.69%), followed by 

subendocardial (9.2%) and mid-myocardial in 7.6% 
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    Table 8: Medication History 

VARIABLE N (%) 

LOOP DIURETICS 241(95.6%) 

MRA 226(89.6%) 

BETA-BLOCKERS 231(91.6%) 

ACAI 142(56.3%) 

ARB 69(27.3%) 

DIGOXIN 149(59.1%) 

AMIODARONE 62(24.6%) 

ARNI 149(59.1%) 

MRA-Mineralocorticoid receptor antagonist, ACEI- Angiotensin-converting enzyme Inhibitor, ARB-Angiotensin receptor blocker, ARNI- Angiotensin receptor 

neprilysin inhibitor 

 

 

The study population was on loop diuretics in 95.6%, mineralocorticoid antagonist in 89%, 

beta-blockers in 91%, angiotensin-converting enzyme inhibitors in 56.3%, angiotensin receptor 

blocker in 27.3%, digoxin in 59%, amiodarone in 24.6%, and angiotensin receptor neprilysin 

inhibitor in 59.1%. 
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Analysis of change in parameters in follow-up. 

 

 

 

Table 9: Change in NYHA Class Over Time  (n = 250) 

NYHA Class 
Baseline Stuart-Maxwell test 

I II III IV Total χ2 P Value 

F
o

llo
w

-U
p
 

I 0 (0.0%) 4 (1.6%) 14 (5.6%) 1 (0.4%) 19 (7.6%) 

154.971 <0.001 

II 0 (0.0%) 39 (15.6%) 136 (54.4%) 14 (5.6%) 189 (75.6%) 

III 0 (0.0%) 3 (1.2%) 28 (11.2%) 7 (2.8%) 38 (15.2%) 

IV 0 (0.0%) 1 (0.4%) 3 (1.2%) 0 (0.0%) 4 (1.6%) 

Total 0 (0.0%) 47 (18.8%) 181 (72.4%) 22 (8.8%) 250 (100.0%) 
The uncolored cells on the diagonal represent patients whose category did not change. The red shaded cells represent patients who moved to a lower category. The green shaded 
cells represent patients who moved to a higher category. 

Stuart-Maxwell test was used to assess the change in NYHA Class between the two time points. 

A significant result denotes that the distribution of patients in terms of NYHA Class changed 

significantly over time. 

The changes observed in NYHA Class over time were as follows: 

4 (1.6%) patients moved from the category NYHA Class: II to the category I. 3 (1.2%) patients 

moved from the category NYHA Class: II to the category III. 1 (0.4%) patients moved from 

the category NYHA Class: II to the category IV. 14 (5.6%) patients moved from the category 

NYHA Class: III to the category I. 136 (54.4%) patients moved from the category NYHA 

Class: III to the category II. 3 (1.2%) patients moved from the category NYHA Class: III to the 

category IV. 1 (0.4%) patients moved from the category NYHA Class: IV to the category I. 14 

(5.6%) patients moved from the category NYHA Class: IV to the category II. 7 (2.8%) patients 

moved from the category NYHA Class: IV to the category III.  

The overall change in NYHA Class was statistically significant (Stuart-Maxwell test: χ2 = 

154.971, p = <0.001) 
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Table 10: Assessment of change in QRSd (ms) over time  (n = 249) 

Timepoint 
QRSd (ms) Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 167.99 (24.10) 160.00 (20.00) 100.00 - 260.00 

25533.0 <0.001 
Follow-Up 131.31 (15.77) 130.00 (20.00) 110.00 - 200.00 

Absolute Change -36.86 (28.38) -40.00 (40.00) -110.00 - 50.00 

Percent Change -20.4% (14.5) -23.5% (19.5) -48% - 38% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in QRSd (ms) at the two 

time points. 

The mean QRSd (ms) decreased from a maximum of 167.99 at the Baseline timepoint to a 

minimum of 131.31 at the Follow-Up timepoint. This change was statistically significant 

(Wilcoxon Test: V = 25533.0, p = <0.001).  

 

 

Table 11: Assessment of change in LVIDd over time  (n = 249) 

Timepoint 
LVIDd Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 65.62 (10.06) 65.00 (11.25) 16.00 - 106.00 

12527.5 <0.001 
Follow-Up 62.73 (10.22) 62.00 (14.00) 35.00 - 90.00 

Absolute Change -3.10 (8.65) -1.00 (4.00) -37.00 - 23.00 

Percent Change -4.1% (12.7) -1.5% (6.7) -48% - 46% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in LVIDd at the two time 

points. 

The mean LVIDd decreased from a maximum of 65.62 at the Baseline timepoint to a minimum 

of 62.73 at the Follow-Up timepoint. This change was statistically significant (Wilcoxon Test: 

V = 12527.5, p = <0.001).  
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Table 12: Assessment of change in LVIDs over time  (n = 249) 

Timepoint 
LVIDs Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 54.45 (10.58) 54.00 (13.25) 12.00 - 98.00 

17646.0 <0.001 
Follow-Up 50.57 (11.02) 50.00 (14.00) 20.00 - 82.00 

Absolute Change -4.06 (9.53) -2.00 (5.00) -37.00 - 39.00 

Percent Change -6.3% (18.7) -3.6% (9.6) -65% - 144% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in LVIDs at the two time 

points. 

The mean LVIDs decreased from a maximum of 54.45 at the Baseline timepoint to a minimum 

of 50.57 at the Follow-Up timepoint. This change was statistically significant (Wilcoxon Test: 

V = 17646.0, p = <0.001).  

 

 

Table 13: Assessment of change in LVEF (%) over time  (n = 249) 

Timepoint 
LVEF (%) Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 29.46 (8.26) 29.00 (10.00) 10.00 - 64.00 

2540.5 <0.001 
Follow-Up 37.07 (9.36) 36.00 (9.00) 15.00 - 65.00 

Absolute Change 7.61 (9.46) 6.00 (9.00) -20.00 - 38.00 

Percent Change 32.4% (42.1) 22.2% (44.7) -52% - 260% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in LVEF (%) at the two 

time points. 
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The mean LVEF (%) increased from a minimum of 29.46 at the Baseline timepoint to a 

maximum of 37.07 at the Follow-Up timepoint. This change was statistically significant 

(Wilcoxon Test: V = 2540.5, p = <0.001).  

 

Table 14: Assessment of change in EDV (mL) over time  (n = 17) 

Timepoint 
EDV (mL) Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 193.52 (67.14) 180.00 (79.00) 70.00 - 422.00 

114.0 0.019 
Follow-Up 189.38 (96.62) 185.50 (124.50) 80.00 - 500.00 

Absolute Change -53.53 (76.98) -43.00 (102.00) -201.00 - 56.00 

Percent Change -21.1% (27.3) -26.1% (34.5) -71% - 25% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in EDV (mL) at the two 

time points. 

The mean EDV (mL) decreased from a maximum of 193.52 at the Baseline timepoint to a 

minimum of 189.38 at the Follow-Up timepoint. This change was statistically significant 

(Wilcoxon Test: V = 114.0, p = 0.019).  

 

Table 15: Assessment of change in ESV (mL) over time  (n = 17) 

Timepoint 
ESV (mL) Wilcoxon Test 

Mean (SD) Median (IQR) Range V P-Value 

Baseline 139.58 (55.22) 125.50 (72.00) 38.00 - 315.00 

124.0 0.004 
Follow-Up 125.38 (84.52) 121.00 (89.50) 33.00 - 450.00 

Absolute Change -54.35 (58.88) -53.00 (60.00) -153.00 - 52.00 

Percent Change -30.7% (30.7) -36.5% (37.9) -81% - 39% 

 

Non-parametric tests were used to make a statistical inference as data were not normally 

distributed. Paired Wilcoxon test was used to explore the difference in ESV (mL) at the two 

time points. 
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The mean ESV (mL) decreased from a maximum of 139.58 at the Baseline timepoint to a 

minimum of 125.38 at the Follow-Up timepoint. This change was statistically significant 

(Wilcoxon Test: V = 124.0, p = 0.004).  

 

 

 

 

 

 

Table 16: Change in MR Over Time  (n = 192) 

MR 
Baseline Stuart-Maxwell test 

Absent Trivial Mild Moderate Severe Total χ2 P Value 

F
o

llo
w

-U
p
 

Absent 3 (1.6%) 2 (1.0%) 4 (2.1%) 4 (2.1%) 1 (0.5%) 14 (7.3%) 

50.904 <0.001 

Trivial 4 (2.1%) 25 (13.0%) 39 (20.3%) 20 (10.4%) 2 (1.0%) 90 (46.9%) 

Mild 3 (1.6%) 6 (3.1%) 24 (12.5%) 24 (12.5%) 1 (0.5%) 58 (30.2%) 

Moderate 0 (0.0%) 0 (0.0%) 8 (4.2%) 10 (5.2%) 5 (2.6%) 23 (12.0%) 

Severe 1 (0.5%) 2 (1.0%) 1 (0.5%) 2 (1.0%) 1 (0.5%) 7 (3.6%) 

Total 11 (5.7%) 35 (18.2%) 76 (39.6%) 60 (31.2%) 10 (5.2%) 192 (100.0%) 
The uncolored cells on the diagonal represent patients whose category did not change. The red shaded cells represent patients who moved to a lower category. The green shaded 
cells represent patients who moved to a higher category. 

Stuart-Maxwell test was used to assess the change in MR between the two time points. A 

significant result denotes that the distribution of patients in terms of MR changed significantly 

over time. 

 

The changes observed in MR over time were as follows: 

4 (2.1%) patients moved from the category MR: Absent to the category Trivial. 3 (1.6%) 

patients moved from the category MR: Absent to the category Mild. 1 (0.5%) patients moved 

from the category MR: Absent to the category Severe. 2 (1.0%) patients moved from the 

category MR: Trivial to the category Absent. 6 (3.1%) patients moved from the category MR: 

Trivial to the category Mild. 2 (1.0%) patients moved from the category MR: Trivial to the 

category Severe. 4 (2.1%) patients moved from the category MR: Mild to the category Absent. 
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39 (20.3%) patients moved from the category MR: Mild to the category Trivial. 8 (4.2%) 

patients moved from the category MR: Mild to the category Moderate. 1 (0.5%) patients moved 

from the category MR: Mild to the category Severe. 4 (2.1%) patients moved from the category 

MR: Moderate to the category Absent. 20 (10.4%) patients moved from the category MR: 

Moderate to the category Trivial. 24 (12.5%) patients moved from the category MR: Moderate 

to the category Mild. 2 (1.0%) patients moved from the category MR: Moderate to the category 

Severe. 1 (0.5%) patients moved from the category MR: Severe to the category Absent. 2 

(1.0%) patients moved from the category MR: Severe to the category Trivial. 1 (0.5%) patients 

moved from the category MR: Severe to the category Mild. 5 (2.6%) patients moved from the 

category MR: Severe to the category Moderate.  

The overall change in MR was statistically significant (Stuart-Maxwell test: χ2 = 50.904, p = 

<0.001) 
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Comparison  of parameters between CRT-D  and CRT-P 

 

Table 17: Association between Device Used and Parameters 

Parameters 
Device Used 

p-

value CRT-D 
(n = 100) 

CRT-P 
(n = 152) 

Age (Years)*** 58.52 ± 10.73 53.72 ± 13.92 0.0031 

Gender***     <0.0012 

   Male 87 (87.0%) 102 (67.1%)  

   Female 13 (13.0%) 50 (32.9%)  

Type of Cardiomyopathy***     <0.0012 

   Ischemic 53 (53.0%) 28 (18.4%)  

   Non ischemic 47 (47.0%) 124 (81.6%)  

NYHA Class (Baseline)***     0.0092 

   II 10 (10.0%) 37 (24.3%)  

   III 77 (77.0%) 104 (68.4%)  

   IV 13 (13.0%) 11 (7.2%)  
DM (Yes)*** 68 (68.0%) 75 (49.3%) 0.0032 
HTN (Yes)*** 66 (66.0%) 66 (43.4%) <0.0012 
Dyslipidemia (Yes)*** 58 (58.0%) 57 (37.5%) 0.0012 
Smoking (Yes)*** 39 (39.0%) 32 (21.1%) 0.0022 
P/H/O Heart Failure (Yes) 44 (44.0%) 60 (39.5%) 0.4752 
Atrial Fibrillation (Baseline) (Yes)*** 3 (3.0%) 15 (9.9%) 0.0382 
VT/NSVT (Yes)*** 56 (56.0%) 3 (2.0%) <0.0012 
CHB (Yes)*** 12 (12.0%) 42 (27.6%) 0.0032 
Heart Rate (BPM) (Baseline) 73.07 ± 9.21 72.50 ± 10.36 0.9891 
QRSd (ms) (Baseline) 171.56 ± 24.63 165.64 ± 23.54 0.0581 

QRSd (Baseline)     0.0902 

   <150 ms 9 (9.0%) 25 (16.4%)  

   ≥150 ms 91 (91.0%) 127 (83.6%)  

Bundle Branch Block     0.1532 

   Atypical 6 (6.0%) 3 (2.0%)  

   Left 86 (86.0%) 141 (92.8%)  

   Right 8 (8.0%) 8 (5.3%)  

Baseline QRS Axis***     0.0493 

   LAD 96 (97.0%) 135 (88.8%)  

   Normal 2 (2.0%) 14 (9.2%)  

   RAD 1 (1.0%) 3 (2.0%)  
Prolonged PR (Yes) 38 (44.2%) 40 (32.3%) 0.0792 
NT-Pro BPN (pg/mL) (Baseline) 2953.43 ± 3087.00 3066.04 ± 3214.39 0.9691 
6MWT (m) 304.60 ± 138.60 379.05 ± 129.69 0.1704 
LVIDd (Baseline) 66.57 ± 9.94 65.00 ± 10.13 0.2061 
LVIDs (Baseline) 55.13 ± 10.62 54.01 ± 10.57 0.4831 
LVEF (%) (Baseline) 29.31 ± 8.17 29.57 ± 8.35 0.7841 
EDV (mL) (Baseline) 201.69 ± 63.60 188.90 ± 68.99 0.1311 
ESV (mL) (Baseline) 144.10 ± 55.31 136.98 ± 55.31 0.4461 
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Parameters 
Device Used 

p-

value CRT-D 
(n = 100) 

CRT-P 
(n = 152) 

SPWD (ms) (Baseline) 184.24 ± 108.51 196.94 ± 79.93 0.2221 
Interventricular delay (ms) 58.85 ± 29.58 59.04 ± 29.30 0.9814 
IVS Thickness (mm) (Baseline) 8.87 ± 2.63 8.93 ± 2.63 0.9231 
Posterior Wall Thickness (mm) 

(Baseline) 10.08 ± 2.63 11.03 ± 13.27 0.5361 

MR (Baseline)     0.2032 

   Absent 5 (5.1%) 10 (6.8%)  

   Trivial 15 (15.2%) 31 (21.1%)  

   Mild 37 (37.4%) 61 (41.5%)  

   Moderate 38 (38.4%) 36 (24.5%)  

   Severe 4 (4.0%) 9 (6.1%)  
RV Dysfunction (Baseline) (Yes) 9 (9.0%) 10 (6.6%) 0.4762 
Loop Diuretic (Baseline) (Yes) 95 (95.0%) 146 (96.1%) 0.7573 
MRA (Baseline) (Yes) 91 (91.0%) 135 (88.8%) 0.5772 
Beta-Blocker (Baseline) (Yes) 94 (94.0%) 137 (90.1%) 0.2772 
ARB (Baseline) (Yes) 29 (29.0%) 40 (26.3%) 0.6402 
ARNI (Baseline) (Yes) 5 (5.0%) 3 (2.0%) 0.2713 
ACE Inhibitor (Baseline) (Yes) 50 (50.0%) 92 (60.5%) 0.0992 
Digoxin (Yes) 56 (56.0%) 93 (61.2%) 0.4132 
Amiodarone (Yes) 31 (31.0%) 31 (20.4%) 0.0562 
MRI LV EDV Absolute (mL) 264.00 ± 121.32 227.17 ± 115.62 0.1431 
MRI LV EDV Normalized (mL) 153.70 ± 76.13 138.09 ± 68.31 0.5401 
MRI LV ESV Absolute (mL) 215.67 ± 114.12 171.69 ± 108.56 0.0541 
MRI LV ESV Normalized (mL) 124.35 ± 71.47 104.71 ± 64.25 0.2211 
MRI LVEF (%)*** 19.73 ± 7.59 26.47 ± 9.46 0.0044 

MRI RWMA***     0.0033 

   Nil 1 (4.5%) 4 (10.5%)  

   Global 14 (63.6%) 33 (86.8%)  

   Anterior Wall 6 (27.3%) 0 (0.0%)  

   Septum 1 (4.5%) 1 (2.6%)  

MRI LGE***     <0.0013 

   Nil 5 (20.0%) 31 (77.5%)  

   Transmural 15 (60.0%) 3 (7.5%)  

   Mid-Myocardial 2 (8.0%) 3 (7.5%)  

   Subendocardial 3 (12.0%) 3 (7.5%)  
PCWP (mmHg) 22.48 ± 9.25 20.17 ± 7.87 0.3124 
LV EDP (mmHg) 22.89 ± 7.83 20.00 ± 7.33 0.1224 
MAP (mmHg) 32.62 ± 12.30 28.51 ± 9.84 0.1634 
QLV Time (ms) 137.80 ± 38.04 150.93 ± 34.83 0.3934 

LV Lead Position     0.4653 

   PLV 77 (77.8%) 107 (70.9%)  

   Lateral 18 (18.2%) 31 (20.5%)  

   Epicardial 2 (2.0%) 10 (6.6%)  

   MCV 1 (1.0%) 2 (1.3%)  

   ALV 1 (1.0%) 1 (0.7%)  
Response (Present) 57 (57.0%) 96 (63.2%) 0.3272 
Mortality (Present) 24 (24.0%) 35 (23.0%) 0.8582 

***Significant at p<0.05, 1: Wilcoxon-Mann-Whitney U Test, 2: Chi-Squared Test, 3: Fisher's Exact Test, 4: t-test 
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These are the statistically significant parameters in the analysis of patients with CRT-D vs 

CRT-P 

Table 18: Statistically significant parameters while comparing CRT-D vs CRT-P 

Variable CRT-D CRT- P P-value 

Age (Years)*** 58.52 ± 10.73 53.72 ± 13.92 0.0031 

Gender***     <0.0012 

   Male 87 (87.0%) 102 (67.1%)  

   Female 13 (13.0%) 50 (32.9%)  

Type of 

Cardiomyopathy*** 
    <0.0012 

   Ischemic 53 (53.0%) 28 (18.4%)  

   Non ischemic 47 (47.0%) 124 (81.6%)  

NYHA Class (Baseline)***     0.0092 

   II 10 (10.0%) 37 (24.3%)  

   III 77 (77.0%) 104 (68.4%)  

   IV 13 (13.0%) 11 (7.2%)  

DM (Yes)*** 68 (68.0%) 75 (49.3%) 0.0032 

HTN (Yes)*** 66 (66.0%) 66 (43.4%) <0.0012 

Dyslipidemia (Yes)*** 58 (58.0%) 57 (37.5%) 0.0012 

Smoking (Yes)*** 39 (39.0%) 32 (21.1%) 0.0022 

Atrial Fibrillation 

(Baseline) (Yes)*** 
3 (3.0%) 15 (9.9%) 0.0382 

VT/NSVT (Yes)*** 56 (56.0%) 3 (2.0%) <0.0012 

CHB (Yes)*** 12 (12.0%) 42 (27.6%) 0.0032 

MRI LVEF (%)*** 19.73 ± 7.59 26.47 ± 9.46 0.0044 
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Patients in the CRT-D group were relatively elder, with a mean age of 58.52 years when 

compared to patients in the CRT-P group, where the mean age was 53.72 years(p=0.003). The 

type of device implanted in males and females was significantly different, as more CRT-D 

devices being implanted in males (87%) as compared to females (13%), whereas CRT -P was 

implanted in 67.1% of males and 32.9% in females(p=0.001). The proportion of comorbidities 

was more in the CRT-D group, like DM(68%), hypertension (66%), dyslipidemia(58%), 

smoking(39%) when compared with patients in the CRT-P group(DM 49%, hypertension 43%, 

Dyslipidemia 37%, smoking 21%). Ischemic etiology of cardiomyopathy was seen in 53% of 

patients in the CRT-D group, whereas it was 18.4% in the CRT-P group. The proportion of 

nonischemic etiology was more in the CRT-P group, 81.6%, whereas it was 47% in the CRT-

D group(p<0.001). The prevalence of atrial fibrillation in CRT- D was 3% when compared 

with the CRT-P group, where it was 9.9% (p=0.038). History of VT was found in 56% of 

patients in the CRT-D group, whereas it was found in 2% of participants in the CRT-P group 

(p=0.001). The prevalence of CHB was more in CRT-P(12%) group than CRT-D(27.6%) 

group(p=0.03). LVEF on MRI was found to be 19.73% in the CRT-D group of patients, 

whereas it was 26.47% in the CRT-P group (0.004) 
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These are some of the important statistically not significant parameters in the analysis of 

patients with CRT-D vs CRT-P. 

 

Table 19: Statistically nonsignificant parameters while comparing CRT-D vs CRT-P 

Variable CRT-D CRT-P P-value 

P/H/O Heart Failure (Yes) 44 (44.0%) 60 (39.5%) 0.4752 

QRSd (ms) (Baseline) 171.56 ± 24.63 165.64 ± 23.54 0.0581 

QRSd (Baseline)     0.0902 

   <150 ms 9 (9.0%) 25 (16.4%)  

   ≥150 ms 91 (91.0%) 127 (83.6%)  

Bundle Branch Block     0.1532 

   Atypical 6 (6.0%) 3 (2.0%)  

   Left 86 (86.0%) 141 (92.8%)  

   Right 8 (8.0%) 8 (5.3%)  

LVIDd (Baseline) 66.57 ± 9.94 65.00 ± 10.13 0.2061 
LVIDs (Baseline) 55.13 ± 10.62 54.01 ± 10.57 0.4831 
LVEF (%) (Baseline) 29.31 ± 8.17 29.57 ± 8.35 0.7841 
EDV (mL) (Baseline) 201.69 ± 63.60 188.90 ± 68.99 0.1311 
ESV (mL) (Baseline) 144.10 ± 55.31 136.98 ± 55.31 0.4461 
SPWD (ms) (Baseline) 184.24 ± 108.51 196.94 ± 79.93 0.2221 
Interventricular delay 
(ms) 

58.85 ± 29.58 59.04 ± 29.30 0.9814 

QLD Time (ms) 137.80 ± 38.04 150.93 ± 34.83 0.3934 
LV Lead Position     0.4653 

   PLV 77 (77.8%) 107 (70.9%)  
   Lateral 18 (18.2%) 31 (20.5%)  
   Epicardial 2 (2.0%) 10 (6.6%)  
   MCV 1 (1.0%) 2 (1.3%)  
   ALV 1 (1.0%) 1 (0.7%)  
Response (Present) 57 (57.0%) 96 (63.2%) 0.3272 
Mortality (Present) 24 (24.0%) 35 (23.0%) 0.8582 
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The mean QRS duration in the CRT-D group was 171.56ms which was higher than the QRS 

duration in the CRT-P group(165.64ms), but it was statistically not significant(p=0.058). 

Around 86% of patients in CRT-D and 99.2% patients had left bundle branch block at baseline, 

not statistically significant (p=0.15). Past history of HF was found in 44% of patients with 

CRT-D group, whereas it was found in 39% in CRT-P group (p=0.75). The mean QLV time in 

CRT-D and CRT-P groups was 137.8ms and 150.93ms, respectively, but this difference was 

not statistically significant (p=0.393). Lead was placed in posterolateral branch in 77.8% and 

70.9% in CRT-D and CRT-P group of patients, respectively, but this finding was not 

statistically different (p=0.465). Response to CRT was present in 57% and 63.2% in CRT-D 

and CRT-P group of patients; respectively, though the response rate was more in the CRT-P 

group when compared with the CRT-D group, this was statistically not significant. All-cause 

mortality was found in 24%, and 23% in CRT-D and CRT-P groups of patients, respectively, 

which was similar in both the groups and it was not statistically significant.  
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Comparison of parameters in responders and non-responders 

Table 20:Analysis of parameters between Responders and non-responders 

Parameters 
Response 

p-value Present 
(n = 153) 

Absent 
(n = 99) 

Age (Years) 56.33 ± 12.04 54.53 ± 14.21 0.4781 

Gender     0.6022 

   Male 113 (73.9%) 76 (76.8%)  

   Female 40 (26.1%) 23 (23.2%)  

Device Used     0.3272 

   CRT-D 57 (37.3%) 43 (43.4%)  

   CRT-P 96 (62.7%) 56 (56.6%)  

Type of Cardiomyopathy     0.3802 

   Ischemic 46 (30.1%) 35 (35.4%)  

   Non-ischemic 107 (69.9%) 64 (64.6%)  

NYHA Class (Baseline)     0.3112 

   II 26 (17.0%) 21 (21.2%)  

   III 115 (75.2%) 66 (66.7%)  

   IV 12 (7.8%) 12 (12.1%)  
DM (Yes) 89 (58.2%) 54 (54.5%) 0.5712 
HTN (Yes) 80 (52.3%) 52 (52.5%) 0.9712 
Dyslipidemia (Yes) 65 (42.5%) 50 (50.5%) 0.2122 
Smoking (Yes)*** 35 (22.9%) 36 (36.4%) 0.0202 
P/H/O Heart Failure (Yes) 59 (38.6%) 45 (45.5%) 0.2782 
Atrial Fibrillation (Baseline) (Yes)*** 7 (4.6%) 11 (11.1%) 0.0492 
VT/NSVT (Yes)*** 29 (19.0%) 30 (30.3%) 0.0382 
CHB (Yes)*** 26 (17.0%) 28 (28.3%) 0.0332 
Heart Rate (BPM) (Baseline) 73.21 ± 8.75 71.98 ± 11.48 0.6891 
QRSd (ms) (Baseline)*** 171.19 ± 23.34 163.05 ± 24.55 0.0091 

QRSd (Baseline)***     0.0122 

   <150 ms 14 (9.2%) 20 (20.2%)  

   ≥150 ms 139 (90.8%) 79 (79.8%)  

Bundle Branch Block     0.3762 

   Atypical 4 (2.6%) 5 (5.1%)  

   Left 141 (92.2%) 86 (86.9%)  

   Right 8 (5.2%) 8 (8.1%)  

Baseline QRS Axis     0.7883 

   LAD 142 (92.8%) 89 (90.8%)  

   Normal 9 (5.9%) 7 (7.1%)  

   RAD 2 (1.3%) 2 (2.0%)  
Prolonged PR (Yes) 48 (36.4%) 30 (38.5%) 0.7612 
NT-Pro BPN (pg/mL) (Baseline) 2972.72 ± 3168.16 3100.86 ± 3162.92 0.7431 
6MWT (m) 337.76 ± 139.42 390.18 ± 124.74 0.2904 
LVIDd (Baseline) 66.40 ± 9.34 64.42 ± 11.04 0.1121 
LVIDs (Baseline)*** 55.53 ± 9.45 52.79 ± 11.99 0.0351 
LVEF (%) (Baseline)*** 27.03 ± 6.12 33.22 ± 9.65 <0.0014 
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Parameters 
Response 

p-value Present 
(n = 153) 

Absent 
(n = 99) 

EDV (mL) (Baseline) 199.45 ± 68.12 183.68 ± 64.94 0.1671 
ESV (mL) (Baseline) 146.00 ± 54.41 128.81 ± 55.39 0.0551 
SPWD (ms) (Baseline) 194.23 ± 88.15 190.51 ± 93.28 0.5911 
Interventricular delay (ms) 61.11 ± 27.55 54.83 ± 32.32 0.4314 
IVS Thickness (mm) (Baseline) 8.93 ± 2.49 8.87 ± 2.87 0.5141 
Posterior Wall Thickness (mm) 
(Baseline) 11.18 ± 12.80 9.69 ± 2.75 0.2081 

MR (Baseline)     0.9372 

   Absent 10 (6.7%) 5 (5.2%)  

   Trivial 26 (17.3%) 20 (20.8%)  

   Mild 59 (39.3%) 39 (40.6%)  

   Moderate 47 (31.3%) 27 (28.1%)  

   Severe 8 (5.3%) 5 (5.2%)  
RV Dysfunction (Baseline) (Yes) 11 (7.2%) 8 (8.1%) 0.7942 
Loop Diuretic (Baseline) (Yes) 148 (96.7%) 93 (93.9%) 0.3503 
MRA (Baseline) (Yes) 141 (92.2%) 85 (85.9%) 0.1082 
Beta-Blocker (Baseline) (Yes) 143 (93.5%) 88 (88.9%) 0.1992 
ARB (Baseline) (Yes) 41 (26.8%) 28 (28.3%) 0.7962 
ARNI (Baseline) (Yes) 4 (2.6%) 4 (4.0%) 0.7153 
ACE Inhibitor (Baseline) (Yes) 88 (57.5%) 54 (54.5%) 0.6422 
Digoxin (Yes) 90 (58.8%) 59 (59.6%) 0.9032 
Amiodarone (Yes) 33 (21.6%) 29 (29.3%) 0.1642 
MRI LV EDV Absolute (mL) 246.26 ± 94.15 228.78 ± 160.81 0.0611 
MRI LV EDV Normalized (mL) 145.55 ± 52.09 139.76 ± 103.41 0.0511 
MRI LV ESV Absolute (mL)*** 194.21 ± 85.67 174.22 ± 156.20 0.0311 
MRI LV ESV Normalized (mL)*** 113.53 ± 47.45 108.12 ± 99.59 0.0431 
MRI LVEF (%) 22.32 ± 8.59 27.44 ± 10.19 0.0541 

MRI RWMA     0.2373 

   Nil 4 (9.8%) 1 (5.3%)  

   Global 33 (80.5%) 14 (73.7%)  

   Anterior Wall 4 (9.8%) 2 (10.5%)  

   Septum 0 (0.0%) 2 (10.5%)  

MRI LGE     0.4773 

   Nil 27 (61.4%) 9 (42.9%)  

   Transmural 11 (25.0%) 7 (33.3%)  

   Mid-Myocardial 3 (6.8%) 2 (9.5%)  

   Subendocardial 3 (6.8%) 3 (14.3%)  
PCWP (mmHg) 20.18 ± 8.47 21.87 ± 8.26 0.4074 
LV EDP (mmHg) 20.49 ± 7.83 22.00 ± 7.16 0.3984 
MAP (mmHg) 28.90 ± 11.46 31.19 ± 9.98 0.1671 
H/O AV Nodal Ablation (Yes) 1 (0.7%) 0 (0.0%) 1.0003 
QLD Time (ms) 149.59 ± 34.75 137.38 ± 39.47 0.4684 

LV Lead Position     0.5563 

   PLV 116 (76.3%) 68 (69.4%)  

   Lateral 28 (18.4%) 21 (21.4%)  

   Epicardial 5 (3.3%) 7 (7.1%)  

   MCV 2 (1.3%) 1 (1.0%)  
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Parameters 
Response 

p-value Present 
(n = 153) 

Absent 
(n = 99) 

   ALV 1 (0.7%) 1 (1.0%)  
Active Fixation lead (Yes) 48 (53.3%) 28 (50.9%) 0.7772 
Upgradation (Yes) 18 (11.8%) 11 (11.1%) 0.8742 
Biventricular Pacing 97.64 ± 4.76 95.88 ± 14.95 0.2241 
Mortality (Present)*** 18 (11.8%) 41 (41.4%) <0.0012 
***Significant at p<0.05, 1: Wilcoxon-Mann-Whitney U Test, 2: Chi-Squared Test, 3: Fisher's Exact Test, 4: t-test 

 

The following variables were found to be statistically significant in the univariate analysis of 

responders and non-responders. 

Table 21: Statistically significant parameters while comparing responders vs non-

responders 

Variables Responders Non-responders P-value 

Smoking (Yes)*** 35 (22.9%) 36 (36.4%) 0.0202 

Atrial Fibrillation 

(Baseline) (Yes)*** 

7 (4.6%) 11 (11.1%) 0.0492 

VT/NSVT (Yes)*** 29 (19.0%) 30 (30.3%) 0.0382 

CHB (Yes)*** 26 (17.0%) 28 (28.3%) 0.0332 

QRSd (ms) 

(Baseline)*** 

171.19 ± 23.34 163.05 ± 24.55 0.0091 

QRSd (Baseline)***     0.0122 

   <150 ms 14 (9.2%) 20 (20.2%)  

   ≥150 ms 139 (90.8%) 79 (79.8%)  
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MRI LV ESV 

Normalized (mL)*** 

113.53 ± 47.45 108.12 ± 99.59 0.0431 

Mortality (Present)*** 18 (11.8%) 41 (41.4%) <0.0012 

 

11.1% of the participants in the non-responders had atrial fibrillation, whereas 4.6% of the 

participants in the responders had Atrial Fibrillation. This was a statistically significant 

difference (p = 0.049). The presence of atrial fibrillation is associated with non-responders with 

an Odds ratio of 2.61(0.97-6.97) and relative risk of 1.63(1.2-2.6). 

19.0% of the participants in the responder group had a history of VT/NSVT, whereas 30.3% 

of the participants in the non-responder group had VT/NSVT. There was a statistically 

significant difference (p = 0.038). The presence of VT/NSVT at baseline is associated with 

non-responders with an odds ratio of 1.86(1.03-3.35) and relative risk of 1.42(1.02-1.92). 

17.0% of the participants in the responders group had CHB, and 28.3% of the participants in 

the non-responder group had CHB. There was a significant difference between the various 

groups in terms of distribution of CHB (p = 0.033). The presence of CHB at baseline is 

associated with non-responders with an odds ratio of 1.93(1.05-3.54) and a relative risk of 

1.45(1.03-1.95). 

The mean (SD) of QRSd (ms) in the responder group was 171.19 (23.34), and the mean (SD) 

of QRSd (ms) in the non-responders group was 163.05 (24.55). There was a significant 

difference between the 2 groups in terms of QRSd (ms) (p = 0.009). 

90.8% of the participants in the responder group had QRSd ≥150 ms, and 79.8% of the 

participants in the non-responder group had QRSd  ≥150 ms. This was statistically significant 

(p = 0.012). 
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The mean (SD) of LVIDs at baseline in the responder group was 55.53 (9.45), and the mean 

(SD) of LVIDs (Baseline) in the non-responder group was 52.79 (11.99). This was statistically 

significant (p = 0.035). 

The mean (SD) of LVEF (%) at baseline in the responder group was 27.03 (6.12), and the mean 

(SD) of LVEF (%)  in the non-responder group was 33.22 (9.65). This was statistically 

significant (p = 0.001). Strength of Association (Point-Biserial Correlation) = 0.37 (Large 

Effect Size). 

The mean (SD) of MRI LV ESV normalized (mL) in the responder group was 113.53 (47.45), 

and the mean (SD) of MRI LV ESV normalized (mL) in the non-responder group was 108.12 

(99.59). This was statistically significant (p = 0.043) 

11.8% of the participants in the responder group had mortality, and 41.4% of the participants 

in the non-responder group had mortality. This difference was statistically significant (p = 

<0.001).  

Non-responders were associated with a greater proportion of mortality when compared with 

the responders with an odds ratio of 5.3(2.81-9.99) and relative risk of 2.31(1.74-3.03) 

 

 

Multivariate analysis of parameters for responders vs non-responders which were significant 

on univariate analysis 

 

Table 22: Parameters after multivariate analysis(responders vs non-responders) 

Variable Relative risk (95% CI) P-value 

Smoking 0.75(0.58-0.97) 0.034 

Atrial fibrillation 0.62(0.34-1.12) 0.623 

Presence of VT 0.76 (0.57-1.01) 0.06 
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Presence of CHB 0.75(0.55-1.00) 0.057 

QRS duration 1.54(1.02-2.34) 0.038 

Mortality 0.43(0.29-0.46) 0.0001 

 

Multivariate analysis showed the following: Presence of QRS duration >150ms at the baseline 

was associated with the response with a relative risk of 1.54(p 0.38). Smoking, if not present, 

was associated with response, probably a confounding factor associated with the general profile 

of the patients(relative risk 0.75,p 0.034). Mortality was less when the response to CRT was 

present, with a relative risk of 0.43(p 0.0001). 

 

 

 

 

The following important variables were found to be statistically not significant in the univariate 

analysis of responders and non-responders. 

Table 23: Important  Statistically nonsignificant parameters (Responders vs non-

responders) 

Variables Responders Non-responders P-value 

Gender     0.6022 

Male 113 (73.9%) 76 (76.8%)  

Female 40 (26.1%) 23 (23.2%)  

Device Used     0.3272 

CRT-D 57 (37.3%) 43 (43.4%)  

CRT-P 96 (62.7%) 56 (56.6%)  

Type of Cardiomyopathy     0.3802 
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The mean age of the responders was 56.33 (12.04). The mean age in the non-responders was 

54.53 (14.21). There was no significant difference between the groups in terms of (p = 0.478). 

73.9% of the participants in the responder group were male, and 26.1% of the participants were 

female. There was no significant difference between the various groups in terms of distribution 

of gender (p = 0.602) 

Ischemic 46 (30.1%) 35 (35.4%)  

Non-ischemic 107 (69.9%) 64 (64.6%)  

NYHA Class (Baseline)     0.3112 

II 26 (17.0%) 21 (21.2%)  

III 115 (75.2%) 66 (66.7%)  

IV 12 (7.8%) 12 (12.1%)  

Bundle Branch Block     0.3762 

Atypical 4 (2.6%) 5 (5.1%)  

Left 141 (92.2%) 86 (86.9%)  

Right 8 (5.2%) 8 (8.1%)  

P/H/O Heart Failure (Yes) 59 (38.6%) 45 (45.5%) 0.2782 

ESV (mL) (Baseline) 146.00 ± 54.41 128.81 ± 55.39 0.0551 

NT-Pro BPN (pg/mL) 

(Baseline) 

2972.72 ± 

3168.16 

3100.86 ± 3162.92 0.7431 

6MWT (m) 337.76 ± 139.42 390.18 ± 124.74 0.2904 

    

QLV Time (ms) 149.59 ± 34.75 137.38 ± 39.47 0.4684 

LV Lead Position     0.5563 
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37.3% of the participants in the responder group had CRT-D, and 62.7% of the participants 

had CRT-P. There was no significant difference between the various groups in terms of 

distribution of device Used (p = 0.327)  

75.2% of the participants in the responder group had NYHA Class III, 7.8% of the participants 

had NYHA class IV, and 17.0% of the participants had NYHA class II. There was no 

significant difference between the various groups in terms of distribution of NYHA Class (p = 

0.311). 

 38.6% of the participants in the responder group had a history of heart failure, 61.4% of the 

participants did not give a history of heart failure. There was no significant difference between 

the various groups in terms of distribution of P/H/O Heart Failure (p = 0.278). 

92.2% of the participants in the responder group had LBBB, whereas 86.9% of the participants 

in the non-responder group had LBBB. This was statistically not significant (p = 0.376). 

The mean (SD) of 6MWT (m) in the responder group was 337.76 (139.42), and the mean (SD) 

of 6MWT (m) in the non-responder group was 390.18 (124.74). This was statistically not 

significant (p = 0.290). 

The mean (SD) of ESV (mL) in the responder group was 146.00 (54.41), and the mean (SD) 

of ESV (mL)  in the non-responder group was 128.81 (55.39). This was statistically not 

significant (p = 0.055). 

The mean (SD) of QLV Time (ms) in the responder group was 149.59 (34.75), and the mean 

(SD) of QLV Time (ms) in the non-responder group was 137.38 (39.47). This was statistically 

not significant (p = 0.468). 
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Predictors of mortality in the study population 

 

Total allcause mortality- 59 (23.41%); 5.2 per 100 person years 

Cardiovascular mortality- 45(17.85%); 3.9 per 100 person years 

Non-Cardiovascular mortality- 14(5.55%); 1.23 per 100 person years 

 

 

Figure 5: Distribution of etiology of mortality 
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Figure 6: Etiology of mortality 

 

Out of 252 patients, 59(23.41%) patients had died. Cardiovascular cause for mortality was 

found in 45(17.85%) patients, and non-cardiovascular cause for mortality was found in 

14(5.55%) of patients. The main cardiovascular cause of mortality was congestive heart failure 

found in 29(49.2%) patients, followed by sudden cardiac death in 15(25.4%) patients. 
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Table 24: Association between Mortality and Parameters 

Parameters 
Mortality 

p-

value Present 
(n = 59) 

Absent 
(n = 193) 

Age (Years) 56.54 ± 14.27 55.34 ± 12.53 0.2681 

Gender     0.3453 

   Male 47 (79.7%) 142 (73.6%)  

   Female 12 (20.3%) 51 (26.4%)  

Device Used     0.8583 

   CRT-D 24 (40.7%) 76 (39.4%)  

   CRT-P 35 (59.3%) 117 (60.6%)  

Type of Cardiomyopathy     0.0553 

   Ischemic 25 (42.4%) 56 (29.0%)  

   Non ischemic 34 (57.6%) 137 (71.0%)  

NYHA Class (Baseline)***     0.0233 

   II 9 (15.3%) 38 (19.7%)  

   III 39 (66.1%) 142 (73.6%)  

   IV 11 (18.6%) 13 (6.7%)  
DM (Yes) 39 (66.1%) 104 (53.9%) 0.0973 
HTN (Yes) 34 (57.6%) 98 (50.8%) 0.3573 
Dyslipidemia (Yes)*** 34 (57.6%) 81 (42.0%) 0.0353 
Smoking (Yes)*** 25 (42.4%) 46 (23.8%) 0.0063 
P/H/O Heart Failure (Yes)*** 39 (66.1%) 65 (33.7%) <0.0013 
Atrial Fibrillation (Baseline) (Yes) 6 (10.2%) 12 (6.2%) 0.3842 
VT/NSVT (Yes) 17 (28.8%) 42 (21.8%) 0.2633 
CHB (Yes) 14 (23.7%) 40 (20.7%) 0.6233 
Heart Rate (BPM) (Baseline)*** 72.88 ± 14.25 72.68 ± 8.18 0.0351 
QRSd (ms) (Baseline) 163.76 ± 24.96 169.28 ± 23.75 0.0761 

QRSd (Baseline)     0.3743 

   <150 ms 10 (16.9%) 24 (12.4%)  

   ≥150 ms 49 (83.1%) 169 (87.6%)  

Bundle Branch Block     0.3152 

   Atypical 4 (6.8%) 5 (2.6%)  

   Left 51 (86.4%) 176 (91.2%)  

   Right 4 (6.8%) 12 (6.2%)  

Baseline QRS Axis     0.6452 

   LAD 52 (89.7%) 179 (92.7%)  

   Normal 5 (8.6%) 11 (5.7%)  

   RAD 1 (1.7%) 3 (1.6%)  
Prolonged PR (Yes) 17 (38.6%) 61 (36.7%) 0.8183 
NT-Pro BPN (pg/mL) (Baseline)*** 4059.03 ± 3324.46 2755.09 ± 3068.91 0.0061 
6MWT (m) 399.40 ± 104.85 347.70 ± 139.91 0.3714 
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Parameters 
Mortality 

p-

value Present 
(n = 59) 

Absent 
(n = 193) 

LVIDd (Baseline) 64.73 ± 10.92 65.90 ± 9.80 0.6141 
LVIDs (Baseline) 53.73 ± 11.56 54.67 ± 10.29 0.6891 
LVEF (%) (Baseline) 28.97 ± 8.46 29.62 ± 8.22 0.5401 
EDV (mL) (Baseline) 183.44 ± 49.71 196.73 ± 71.71 0.4941 
ESV (mL) (Baseline) 132.18 ± 43.34 141.92 ± 58.44 0.5361 
SPWD (ms) (Baseline) 173.83 ± 86.50 197.67 ± 90.08 0.2201 
Q-AE (ms) 161.08 ± 43.08 158.17 ± 35.92 0.8244 
Q-PE (ms) 108.69 ± 33.94 98.24 ± 26.73 0.3164 
AE PE Difference (ms) 50.85 ± 18.94 60.91 ± 30.91 0.1444 
IVS Thickness (mm) (Baseline) 8.70 ± 2.98 8.95 ± 2.54 0.3491 
Posterior Wall Thickness (mm) 

(Baseline) 9.74 ± 2.72 10.87 ± 11.53 0.4521 

MR (Baseline)     0.1523 

   Absent 3 (5.4%) 12 (6.3%)  

   Trivial 6 (10.7%) 40 (21.1%)  

   Mild 20 (35.7%) 78 (41.1%)  

   Moderate 22 (39.3%) 52 (27.4%)  

   Severe 5 (8.9%) 8 (4.2%)  
RV Dysfunction (Baseline) (Yes)*** 10 (16.9%) 9 (4.7%) 0.0042 
Loop Diuretic (Baseline) (Yes) 56 (94.9%) 185 (95.9%) 0.7232 
MRA (Baseline) (Yes) 54 (91.5%) 172 (89.1%) 0.5953 
Beta-Blocker (Baseline) (Yes) 52 (88.1%) 179 (92.7%) 0.2842 
ARB (Baseline) (Yes) 14 (23.7%) 55 (28.5%) 0.4723 
ARNI (Baseline) (Yes) 2 (3.4%) 6 (3.1%) 1.0002 
ACE Inhibitor (Baseline) (Yes) 36 (61.0%) 106 (54.9%) 0.4093 
Digoxin (Yes) 40 (67.8%) 109 (56.5%) 0.1223 
Amiodarone (Yes)*** 21 (35.6%) 41 (21.2%) 0.0253 
MRI LV EDV Absolute (mL) 334.67 ± 303.19 235.52 ± 103.56 0.9571 
MRI LV EDV Normalized (mL) 205.33 ± 194.63 140.21 ± 60.08 0.8971 
MRI LV ESV Absolute (mL) 282.33 ± 285.08 182.65 ± 97.89 0.8721 
MRI LV ESV Normalized (mL) 173.67 ± 182.17 108.29 ± 56.68 0.9561 
MRI LVEF (%) 20.67 ± 8.39 24.09 ± 9.42 0.5574 

MRI RWMA     0.1792 

   Nil 0 (0.0%) 5 (8.8%)  

   Global 2 (66.7%) 45 (78.9%)  

   Anterior Wall 0 (0.0%) 6 (10.5%)  

   Septum 1 (33.3%) 1 (1.8%)  
PCWP (mmHg) 24.05 ± 7.88 19.76 ± 8.30 0.0544 
LV EDP (mmHg)*** 25.05 ± 7.98 19.49 ± 6.90 0.0084 
MAP (mmHg)*** 33.95 ± 9.13 28.42 ± 11.09 0.0201 
H/O AV Nodal Ablation (Yes) 0 (0.0%) 1 (0.5%) 1.0002 
QLD Time (ms) - 145.68 ± 35.96 - 

LV Lead Position     0.6482 

   PLV 40 (69.0%) 144 (75.0%)  

   Lateral 13 (22.4%) 36 (18.8%)  

   Epicardial 4 (6.9%) 8 (4.2%)  

   MCV 1 (1.7%) 2 (1.0%)  
Arrythmias (Yes) 5 (8.9%) 16 (8.3%) 1.0002 

Origin of Arrythmias***     0.0052 
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Parameters 
Mortality 

p-

value Present 
(n = 59) 

Absent 
(n = 193) 

   None 51 (91.1%) 176 (91.7%)  

   Supraventricular 1 (1.8%) 15 (7.8%)  

   Ventricular 4 (7.1%) 1 (0.5%)  
Biventricular Pacing 96.07 ± 13.88 97.22 ± 8.58 0.5041 
Response (Present)*** 18 (30.5%) 135 (69.9%) <0.0013 

 

 

 

The following parameters were statistically significant: 

Table 25: Statistically significant parameters(Mortality present vs. mortality absent) 

Variable Mortality present Mortality absent P-value 

NYHA Class (Baseline)***     0.0233 

   II 9 (15.3%) 38 (19.7%)  

   III 39 (66.1%) 142 (73.6%)  

   IV 11 (18.6%) 13 (6.7%)  

Smoking (Yes)*** 25 (42.4%) 46 (23.8%) 0.0063 

P/H/O Heart Failure 
(Yes)*** 39 (66.1%) 65 (33.7%) <0.0013 

NT-Pro BPN (pg/mL) 

(Baseline)*** 4059.03 ± 3324.46 2755.09 ± 3068.91 0.0061 

RV Dysfunction (Baseline) 
(Yes)*** 

10 (16.9%) 9 (4.7%) 0.0042 

Amiodarone (Yes)*** 21 (35.6%) 41 (21.2%) 0.0253 

LV EDP (mmHg)*** 25.05 ± 7.98 19.49 ± 6.90 0.0084 

MAP (mmHg)*** 33.95 ± 9.13 28.42 ± 11.09 0.0201 

Presence of 

Arrhythmias***     0.0052 

   None 51 (91.1%) 176 (91.7%)  

   Supraventricular 1 (1.8%) 15 (7.8%)  

   Ventricular 4 (7.1%) 1 (0.5%)  

    
Response (Present)*** 18 (30.5%) 135 (69.9%) <0.0013 
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Amongst those groups who had mortality, 66.1% belonged to functional class III, whereas 

those who did not have mortality had 73.6% patients in NYHA class III (p=0.023). And 18.6% 

belonged to NYHA class IV who had mortality when compared to 6.7% who did not have 

mortality (p 0.023).  Smoking and past history of heart failure were found in 42.4 and 66.1 % 

of patients who had mortality, whereas it was 22.8% and 33.7% respectively in patients who 

did not have mortality (p 0.006). Mean Pro BNP value in patients who had mortality was 

4059.03pg/ml, which was higher than those patients who did not have mortality, wherein it 

was 2755.09pg/ml (p 0.006), the strength of association (Point-Biserial Correlation) = 0.17 

(Small Effect Size). Amiodarone usage was found in 35.6% of those who had mortality, which 

was higher than the group who did not have mortality, wherein it was 21.2% (0.025). 

Amongst those who had mortality, RV dysfunction was present in 16.9% when compared to 

those who did not have mortality, wherein it was 4.7%(p= 0.004).  

Amongst those who had mortality, ventricular tachycardia was found in 7.1%, whereas it was 

0.5% in those who did not have mortality(p 0.005) 

Hemodynamic parameters like left ventricular end-diastolic pressure and mean pulmonary 

arterial pressure were 25.05 mmHg and 33.95mmHg respectively in patients who had mortality 

which was higher than those patients who did not have mortality, wherein it was 19.49 mmHg 

and 28.42 mmHg respectively (p= 0.008 for LVED and 0.020 for mean pulmonary arterial 

pressure).  

The response rate was 30.5% in those who had mortality which was lesser when compared to 

the group who did not have mortality, wherein it was 69.9% (p=0.001), the strength of 

association between the two variables (Cramer's V) = 0.34 (Moderate Association). The 

absence of response was associated with mortality with an odds ratio of 5.3(2.81-9.99) and a 

relative risk of 3.25(2.17-5.76).  
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Multivariate analysis of parameters for mortality which were significant on univariate 

analysis 

 

Table 26: Parameters on multivariate analysis 

Variables Relative risk(95% CI) P-value 

NYHA Class III 0.76(0.48-1.2) 0.257 

NYHA Class IV 2.1(1.3-3.5) 0.0024 

Smoking 1.87(1.21-2.9) 0.0049 

Past History of HF 2.77(1.72-4.4) <0.0001 

RV dysfunction 2.50(1.52-4.1) 0.0003 

Use of amiodarone 1.69(1.08-2.65) 0.02 

Presence of VT 3.59(2.18-5.9) 0.0001 

Presence of response 0.28(0.17-0.46)  0.0001 

 

Multivariate analysis showed the following results: Presence of NYHA class IV at baseline 

was associated with increased mortality with a relative risk of 2.1(p 0.0024). Presence of 

smoking (RR 1.87; p 0.049), past history of HF(RR 2.87; p <0.0001), RV dysfunction(RR 2.50; 

p 0.0003) and presence of ventricular tachycardia(RR 3.59; p 0.0001) at baseline was 

associated with increased mortality. The use of amiodarone was associated with mortality with 

an RR of 1.69(p 0.02). The presence of response was associated with reduced mortality with a 

relative risk of 0.28(p 0.0001). 

 

 

 

Following important parameters which were statistically not significant: 

 

Table 27: Important statistically nonsignificant parameters(Mortality present vs 

mortality absent) 

Variable Mortality present Mortality absent P-value 
Age (Years) 56.54 ± 14.27 55.34 ± 12.53 0.2681 
Gender     0.3453 

   Male 47 (79.7%) 142 (73.6%)  
   Female 12 (20.3%) 51 (26.4%)  
Device Used     0.8583 

   CRT-D 24 (40.7%) 76 (39.4%)  
   CRT-P 35 (59.3%) 117 (60.6%)  
Type of Cardiomyopathy     0.0553 
   Ischemic 25 (42.4%) 56 (29.0%)  

   Non ischemic 34 (57.6%) 137 (71.0%)  

QRSd (ms) (Baseline) 163.76 ± 24.96 169.28 ± 23.75 0.0761 
QRSd (Baseline)     0.3743 
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   <150 ms 10 (16.9%) 24 (12.4%)  
   ≥150 ms 49 (83.1%) 169 (87.6%)  
Bundle Branch Block     0.3152 

   Atypical 4 (6.8%) 5 (2.6%)  
   Left 51 (86.4%) 176 (91.2%)  
   Right 4 (6.8%) 12 (6.2%)  
    
LVEF (%) (Baseline) 28.97 ± 8.46 29.62 ± 8.22 0.5401 

 

 

The mean age of patients who had mortality was 56.54 years which was higher than those who 

did not have mortality, wherein it was 55.34 years, although this finding was statistically not 

significant (p 0.268). Amongst those who had mortality, males were 79%, females were 20.3%, 

whereas in those who did not have mortality, males were 73% and females 26.4%, the 

difference was not statistically significant (p 0.345). 

CRT-D was implanted in 40.7% and 39.4% in those who had mortality and those who did not 

have mortality, respectively (p 0.85). And CRT-P was implanted in 59.3% and 60.6% in those 

who had mortality and those who did not have mortality, respectively (p 0.85). 

 

Ischemic etiology was found in 42.4% and 29.0 % in those who had and those who did not 

have mortality, respectively. And non-ischemic etiology was found in 57.6% and 71.0% in 

those who had mortality and those who did not have mortality, respectively, though this 

difference was statistically not significant (p= 0.055).  

The mean QRS duration in those who had mortality was 163.76ms, and in those who did not 

have mortality was 169.28ms, not significant statistically (p 0.076). Left bundle branch block 

was found in 86.4% and 91.2% in those who had mortality and those who did not have 

mortality, respectively (p 0.315). 
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The mean LV ejection fraction was 28.97% in those who had mortality, and it was 29.62% in 

those who did not have mortality (p 0.540)  

 

Survival analysis 

 

 

 
 

Figure 7: Kaplan mier curve depicting freedom from mortality in groups based on 

etiology of cardiomyopathy 

 

Patients who had undergone CRT-D/P implantation for nonischemic cardiomyopathy showed 

better survival when compared to the group who had ischemic cardiomyopathy, with a log-

rank p-value of 0.027. 
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Figure 8: Freedom from mortality in groups based on the type of device used 

 

There was no difference in survival patterns in patients who had undergone CRT-D or CRT 

P. 
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Discussion 
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In this hospital-based retrospective study, 252 patients who had undergone CRT-D/P 

implantation at our hospital were analyzed. It was carried out to assess the clinical outcomes 

and elucidate the factors which are associated with response to CRT. All consecutive patients 

from January 2004 to December 2019 were taken for study. Mean Follow up period being 4.5 

±2.6 years. 

Baseline characteristics 

Of the total patients analyzed, males (n=189,75%) outnumbered females (n=63,25%) with a 

ratio of 3:1. The mean age of the study population was 55.11 years ± 12.93 years.  

Diabetes mellitus was the most commonly seen comorbidity in the study population with an 

overall prevalence of 52.3%, followed by hypertension 52.3% and dyslipidemia 45.6%. 41.2% 

had a history of heart failure. History of ventricular tachycardia in 23.4%, atrial fibrillation in 

7.2%, and complete heart block in 21.4%. Naik A et al(10), in their study, had a male 

population of 79%, a history of VT was found in 24%, and atrial fibrillation in 5.2%. The mean 

age of their study population was 60.12 years. 

 

CRT-P implantation was done in 60.3%, and CRT-D was implanted in 39.6%. Non-ischemic 

heart disease as the etiology was seen 67.8% and ischemic etiology in 32.1%. Predominantly 

patients were in NYHA FC III (71.8%) during device implantation. Bristow et al(8), in the 

COMPANION trial, had 54% of patients with ischemic etiology, and 87% of patients in their 

study were in NYHA class III.  Naik A et al(10), in their study, had 27% patients with ischemic 

etiology. Cleland et al(3) in the CARE HF trial had 40% patients with ischemic etiology. 

Varying percentages of ischemic etiology are probably due to varying demographics in western 

and our population.  
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ECG findings 

Our study population had a mean QRS duration of 167ms with a standard deviation of ±24ms. 

90.07% of patients had left bundle branch block, and right bundle branch block was seen 6.3%.  

Naik A et al(10), in their study, had a mean QRS duration of 152±32ms, and 69% of patients 

had LBBB. Bristow et al(8) in the COMPANION trial, had a mean QRS duration of 160ms, 

left bundle branch block in 73%, and right bundle branch block in 10% of patients. Abraham 

et al(25), in the MIRACLE study, had a mean QRS duration of 167ms. Our study data is 

comparable to western data; patients with RBBB also had undergone CRT implantation; as in 

our study, all consecutive patients with different etiologies were included in contrast to other 

studies where only ischemic and non-ischemic patients were included. 

 

Echo parameters 

The echocardiographic parameters at the baseline showed a mean LV internal diameter during 

diastole of 65.62mm, LV internal diameter during systole 54.49mm, and mean LV ejection 

fraction was 29.46%.  Bristow et al(8), in the COMPANION trial, had a mean LVEF of 21%, 

and LV internal diameter during diastole was 67mm. Naik A et al(10), in their study, had a 

mean LVEF of 24±5%. Abraham et al(25), in the MIRACLE study, had an LVEF of 21.8%. 

Chung et al(29) in the PROSPECT trial had a mean LVEF of 23.6%. Our study had slightly 

higher LVEF at baseline, probably due to the inclusion of all those patients who were 

undergoing up-gradation from pacemakers to CRT. 

 

The mean end-systolic volume in baseline was 193.52ml, end-diastolic volume was 139.58ml.  

Naik A et al(10), in their study, had an LV EDV of 197±114ml and an LV ESV of 163± 99. 

The results of our study are consistent with this study.  
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Markers of dyssynchrony like mean septum to posterior wall delay in our study was 192.98ms, 

whereas interventricular delay was 58ms. Chung et al(29), in the PROSPECT trial, had studied 

echo parameters of dyssynchrony with respect to response, although none of the echo 

parameters predicted response in their study. Cut-offs mentioned in their study for diagnosing 

dyssynchrony were SPWP >130 and interventricular delay >40ms. In our study, the mean 

values mentioned above demonstrated dyssynchrony at baseline. 

Right ventricular dysfunction was present in  7.53% of patients in our study. 

 

Change in parameters in follow-up. 

In our study, over a follow-up period of  4.5±6 years, 59(23.41%) patients had died. 136 54.4% 

of patients moved from NYHA Class III to NYHA II in follow-up. Cleland et al(3). (3), in the 

CARE-HF study after a mean follow-up of 18 months, found that the death in the CRT group 

was 20%. 25.6% of patients were in NYHA class I, 37.7% in NYHA class II, while 19.55% 

were in NYHA class III. 

 

The mean QRSd (ms) decreased from 167.99 at the baseline to a value of 131.31 at the follow-

up. Bleeker et al. (30), in 2007 in their study observed that there was a significant reduction in 

QRS duration post CRT implantation from 168±27 to 151±25 ms (P-value≤0.001). Coppola et 

al(31) 2016, in their study, found that QRS duration came down from 166 ± 23 ms to 143 ± 20 

ms, p-value-<0.001 post CRT implantation. The findings of our study correlate with these 

findings. 

 

The mean LVEF (%) increased from a minimum of 29.46 at the baseline to a maximum of 

37.07 at the follow-up. Zhang et al(32), in 2006, observed that in CRT patients, LVEF 
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improved from 26.5+9.3% to 34.2+10.5%. The findings of our study are similar to these 

findings. 

The mean ESV (mL) decreased from a maximum of 139.58 at the baseline to a minimum of 

125.38 at the follow-up, with a percent change of 30%. Cleland et al(3). (3), in the CARE-HF 

study, had a reduction in ESV by 26% in follow up which was statistically significant. Cheuk 

et al. (33) had shown in their study that a reduction in LVESV of 10% signified clinically 

relevant reverse remodeling, which is a strong predictor of lower long-term mortality and heart 

failure events.  

 

Predictors of response in CRT 

Response to CRT was defined as a change in LVEF >/= to 5% with improvement in NYHA 

functional class by at least one and non-responders as a change in LVEF < 5% with worsening 

NVHA functional class or no improvement in NYHA functional class. Responder rates in our 

study were 60.71%, and non-responders were 39.28%. Chung et al(29) in the PROSPECT trial 

had a non-responder rate of 31%, Abraham et al(25) in the MIRACLE study had a non-

responder rate of 33%. A relatively higher non-responder rate in our study is probably due to 

the inclusion of all the subsets of the population, like those requiring up-gradation or those with 

CHB and concurrent LV dysfunction. 

 

The most important predictor of response in our study after multivariate analysis was baseline 

QRS duration. QRS duration of ≥ 150ms at the baseline predicted response to CRT. Van 

Bommel et al(34), in their sub-analysis of the prospect trial, also had one of the predictors of 

response as elevated QRS duration at baseline (p 0.0001). Traditional factors that are associated 

with the response are mentioned in the figure. 
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Figure 9: Predictors of response and no response  to CRT(12) 

 

However, in our study, except for baseline QRS duration, no other factor predicted response 

(after multivariate analysis). This can be attributable to a heterogeneous group of patients with 

different etiologies taken up in our study, which reflects real-world scenarios, unlike in these 

clinical trials wherein a very selected group of patients are enrolled. 

 

CRT and all-cause mortality 

Out of 252 patients, 59(23.41%) patients had died. Cardiovascular cause for mortality was 

found in 45(17.85%) patients, and non-cardiovascular cause for mortality was found in 

14(5.55%) of patients. The main cardiovascular cause of mortality was congestive heart failure 

found in 29(49.2%) patients, followed by sudden cardiac death in 15(25.4) patients. 

Naik A et al(10), in their study, had all-cause mortality of 19.4%. Bristow et al(8), in the 

COMPANION trial, had all-cause mortality of 25%, 76% of these were due to cardiovascular 

causes. Van Bommel et al(35), in their study, had a mortality of 20%. Sanjay et al.(36) in 

Trivandrum heart failure registry reported in-hospital mortality 9.7% and mortality after 3 

years, it was 44.8% participants had died. The all-cause mortality rate was lower for 

participants with HFpEF (40.8%) compared with HFrEF (46.2%; P = .049). In multivariable 

models, older age (hazard ratio [HR] 1.24 per decade, 95% confidence interval [CI] 1.15-1.33), 
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New York Heart Association functional class IV symptoms (HR 2.80, 95% CI 1.43-5.48), and 

higher serum creatinine (HR 1.12 per mg/dL, 95% CI 1.04-1.22) were associated with all-cause 

mortality. Our study had mortality patterns similar to western and some Indian data, however, 

high mortality noted in Trivandrum heart failure registry could be due to referral bias, as more 

sick patients were referred to tertiary care hospital for management. 

 Multivariate analysis for predicting parameters associated with mortality, we found that the 

presence of NYHA class IV at baseline was associated with increased mortality with a relative 

risk of 2.1(p 0.0024). Presence of smoking (RR 1.87; p 0.049), past history of HF (RR 2.87; p 

<0.0001), RV dysfunction (RR 2.50; p 0.0003), and presence of ventricular tachycardia (RR 

3.59; p 0.0001) at baseline was associated with increased mortality. The use of amiodarone was 

associated with mortality with an RR of 1.69(p 0.02). The presence of response was associated 

with reduced mortality with a relative risk of 0.28(p 0.0001). 

 

Smoking could be a confounding factor, as it’s a risk factor for other diseases like coronary 

artery disease and malignancies, and hence its presence could increase mortality. 

Amiodarone usage was associated with increased mortality, probably due to the overall sick 

profile of patients using the drug and hence increased risk for mortality. 

Other important predictors being the presence of RV dysfunction, ventricular tachycardia, and 

past history of HF, were associated with increased mortality.  Van Bommel et al(35), in their 

study wherein they, evaluated pre-implantation parameters for predicting morbidity and 

mortality in HF patients with CRT, found that presence of male gender (HR 1.64, p 0.043), 

atrial fibrillation (HR 1.18, p 0.001), QRS duration (HR 1.78, p 0.011), 6MWT (HR 1.16, p 

0.001), LVESV (HR 0.65, p 0.016), posterolateral lead placement (HR 0.56, p 0.003) predicted 

all-cause mortality. This is different from our study, probably due to the heterogeneous nature 

of our study population and longer follow-up (4.5 years vs 6 months). 
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There was a positive association of presence of response and reduced mortality. We could not 

find any study comparing the response to mortality.  

 

Survival analysis 

 

Patients who had undergone CRT-D/P implantation for nonischemic cardiomyopathy showed 

better survival when compared to the group who had ischemic cardiomyopathy, with a log-

rank p-value of 0.027. In our study overall survival was better in patients who underwent CRT 

implantation for nonischemic etiology. In CARE HF trial(3), all cause mortality was similar in 

ischemic and nonischemic etiology. 
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Summary and 

Conclusions 
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Summary 

 

In this hospital-based retrospective study, 252 patients who had undergone CRT-D/P 

implantation at our hospital were analysed. It was carried out to assess the clinical outcomes 

and elucidate the factors which are associated with response to CRT. All consecutive patients 

from January 2004 to December 2019 were taken for study. Mean Follow up period being 4.5 

±2.6 years. 

The findings of our study are summarized below. 

 

1. Patients in the CRT-D group were relatively elder, with a mean age of 58.52 years when 

compared to patients in the CRT-P group, where the mean age was 53.72 

years(p=0.003).  

2. The type of device implanted in males and females was significantly different, as more 

CRT-D devices being implanted in males (87%) as compared to females (13%), 

whereas CRT -P was implanted in 67.1% of males and 32.9% in females(p=0.001).  

3. The proportion of comorbidities was more in the CRT-D group, like DM(68%), 

hypertension (66%), dyslipidemia(58%), smoking(39%) when compared with patients 

in the CRT-P group(DM 49%, hypertension 43%, Dyslipidemia 37%, smoking 21%). 

4. Ischemic etiology of cardiomyopathy was seen in 53% of patients in the CRT-D group, 

whereas it was 18.4% in the CRT-P group. The proportion of nonischemic etiology was 

more in the CRT-P group, 81.6%, whereas it was 47% in the CRT-D group(p<0.001).  

5. LVEF on MRI was found to be 19.73% in the CRT-D group of patients, whereas it was 

26.47% in the CRT-P group (0.004). 

6. All-cause mortality was found in 24%, and 23% in CRT-D and CRT-P groups of 

patients, respectively, which was similar in both the groups and it was not statistically 

significant. 
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7. The mean QRSd (ms) decreased from 167.99 at the baseline to a value of 131.31 at the 

follow-up. 

8. The most important predictor of response in our study after multivariate analysis was 

baseline QRS duration. QRS duration of  ≥ 150ms at the baseline predicted response to 

CRT. 

9. Patients who had undergone CRT-D/P implantation for nonischemic cardiomyopathy 

showed better survival when compared to the group who had ischemic cardiomyopathy, 

with a log-rank p-value of 0.027 

10. Out of 252 patients, 59(23.41%) patients had died. Cardiovascular cause for mortality 

was found in 45(17.85%) patients, and non-cardiovascular cause for mortality was 

found in 14(5.55%) of patients. The main cardiovascular cause of mortality was 

congestive heart failure found in 29(49.2%) patients, followed by sudden cardiac death 

in 15(25.4%) patients. 

11. Presence of NYHA class IV, smoking, past history of HF, presence of VT, and RV 

dysfunction predicted mortality. Also, the presence of response was associated with 

reduced all-cause mortality with a relative risk of 0.28 (p 0.0001).   
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Limitations 

1. This study was a hospital-based study restricted to a single teaching hospital. 

2. Out of hospital death inquiry was based on telephonic conversation 

3. It’s a retrospective study 
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Conclusions 

1. The response rate, mortality, and predictors of response in our study are comparable 

with the western data. 

2. QRS duration at baseline predicted response to CRT. 

3. Patients with nonischaemic cardiomyopathy who underwent CRT implantation are 

associated with better survival. 

4. There is a positive association of presence of response to CRT and reduced mortality. 
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